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Abstract

An evaluation of intertidal gastropod biodiversity along the
Sakthikulangara coast, Kollam district, Kerala, was conducted from
January to June 2025. A total of 50 gastropods belonging to 27 families
and 8 orders were recorded. The Neogastropoda were the most
dominant order with 23 species, followed by the Littorinimorpha (15),
Cycloneritida (5), Trochida (3) and the remaining 4 orders with 1 species.
Shannon-Weiner index showed the highest value of 2117 in the (rocky
area), followed by the station 3 sandy (1.807) and the station 2 muddy
area (1702). The Margalef species richness values were 2.158 for the
rocky zone, 187 for the sandy shore and 167 for the muddy zone.
Pielou’s evenness index showed a high value of 0.987 in the rocky zone,
indicating a more even distribution of species and comparatively lower
values of 0.6052 in the muddy zone and 0.7893 in the sandy zone,
indicating less even distribution of species in the muddy zone.

Keywords: Biodiversity, intertidal gastropod, species diversity,
Shannon-Weiner index, species richness

Introduction

The intertidal zone exemplifies the ever-changing boundary
where land and ocean interact with one another. The vertical
distribution of species assemblages in intertidal habitats is
influenced by their competition for space and their capacity to
endure different levels of sunlight and water exposure during
tidal changes. The lower intertidal zone is mainly underwater,
becoming visible only during the lowest spring tides. It shifts
into the central intertidal area, which is underwater during all
high tides and revealed at low tides. The upper intertidal is
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underwater during the spring high tides but stays uncovered
otherwise. The interaction between coastal landforms and
tidal movements leads to intricate invertebrate communities
suited to various habitats, reacting to environmental variations
like temperature, salinity, exposure to air, and pH fluctuations
(Sukumaran et al, 2021).

The intertidal region represents the dynamic interface where the
land and sea mutually influence each other. Species assemblage
in the intertidal habitat is distributed vertically, depending on
their ability to compete for space, with predators and their ability
to survive in varying degrees of exposure to sunlight and water
during tidal cycles. The lower intertidal region remains mostly
submerged, becoming exposed only during the lowest spring
tides. It transitions into the middle intertidal region, which is
submerged at all high tides and exposed at low tides. The upper
intertidal is submerged during the spring high tides but remains
exposed otherwise. This interplay between shore topography and
tidal cycles creates complex invertebrate assemblages adapted
to diverse niches, responding to environmental gradients such
as temperature, salinity, subaerial exposure and changes in pH
(Sukumaran et al, 2021).

Phylum Mollusca, the second largest in the animal kingdom next
to Arthropoda in terms of the number of species, form one of
the major and biodiverse marine invertebrate taxa (Bouchet and
Strong, 2010). Gastropods form the most species-rich and
diverse class in the phylum Mollusca (Pechenik, 2016). Many
edible species of Gastropods are abundantly found in intertidal
regions of rocky shores. Gastropods are ecologically and
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economically important for the coastal area and their existence
influences the microecological condition of an ecosystem
(Ramanibai and Govindan, 2018, Puryono and Suryanti, 2019).
The intertidal region, a zone of interaction between sea, land,
and atmosphere, is one of the most interesting divisions of
marine ecosystem, as it is daily covered and uncovered by
flooding and ebbing tides. Among marine systems, rocky
intertidal shores are considered as one of the most thermally
variable and stressful environments .In these environments,
intertidal species have to cope with physical and chemical
stresses which intensity depends on the interaction of four
major environmental gradients: the vertical gradient (i.e.
“tidal" gradient), the horizontal gradient (i.e. exposure to
waves), the sediment particle size gradient, and the marine-
freshwater gradient of salinity (Raffaelli and Hawkins, 1996).
These gradients, together with species interactions, lead to a
zonation in the distribution of intertidal rocky shores species
(Raffaelli and Hawkins, 1996; Little et al, 2009). Organisms found
on rocky shores are facing intense physicochemical conditions
during tidal changes from upper to lower intertidal zones. This
includes regular exposure to air during low tide as well as
differences in environmental parameters such as temperature,
salinity, pH, and oxygen that occur perpendicular to the shore
(Chappuis et al, 2014). Despite these challenges, resilient and
resistant organisms such as algae, lichens, barnacles, and
molluscs are commonly found in such environments. Among
the diversity of Intertidal areas, the molluscs are a highly
successful animal group in terms of ecological adaptation,
and they are found in nearly all habitats, ranging from deepest
ocean trenches to the intertidal zone, freshwater and land,
where they occupy a wide range of habitats.

Rocky shore biodiversity studies from Indian coasts are very
less, except for a few related to the ecology and distribution
of individual species or on algal and invertebrate communities
(Rao and Sreeramulu, 1970; Ravinesh and Bijukumar, 2013;
Baiju et al, 2023). The recent diversity study associated with
gastropod communities along the Kerala coast include those
of Ravinesh and Biju Kumar (2013); Sary et al. (2013, 2014),
Anu et al. (2017), Ravinesh et al. (2021) and Baiju et al. (2023).
Although most of these studies provided an account of the
taxonomical composition and distribution of gastropods from
Indian waters, none of them provided details on gastropod
assemblage patterns and/or the potential influence of habitat
heterogeneity on them. Therefore, the present study aims
to describe the role of habitat heterogeneity on structural
properties of intertidal gastropods along the Sakthikulangara
Coast. The exploitation of these species is nowadays increasing
rapidly along the Southeast coast of India. Over the past
decades, the opercula and shells of both gastropods and
bivalves have been fetching a good value, but only recently has
attention been drawn to the value of their meat. The demand
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for meat is mainly from exporters, and it has now become
an additional source of income for the fishers. However, it is
important to study these gastropods and bivalves because
of their role in the seafood trade. The knowledge of these
resources will be useful for the proper management and
conservation of these valuable gastropods. These may have
excellent opportunities in the aquaculture industry in future.

The present study aims to describe the role of habitat
heterogeneity on structural properties of intertidal gastropods
along the intertidal Sakthikulangra coast. We hypothesised that
location-specific differences in the habitat would determine
spatial patterns of abundance, diversity of intertidal gastropod
assemblages along this coastal environment.

Material and methods
Study area

Kollam, a key maritime district of Kerala, has a coastline
measuring 37.3 km. The fishery industry in this district is
supported by both public and private sector companies.
Sakthikulangara (08°55'N, 76° 32' E), a fishing harbour located
at the entrance of the Ashtamudi backwaters approximately 9
km north of Kollam city, was selected as the primary sampling
location for this research, as most trawlers in Kerala operate
from this region (Fig.1). The coastline features a mix of rocky
foundations and sandy areas and experiences intense wave
activity. The shoreline can be divided into various zones based
on substrate type. The coastal regions include intertidal zones

Ashtamudi Lake
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Fig. 1. Map showing the location of the study sites off Sakthikulangara
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such as sandy, muddy, and rocky shores. This coast typically
experiences a tropical climate characterised by hot and humid
weather, with annual temperatures ranging from 18 °C to 36
°C. In this study, three locations were examined: Site 1features
a rocky substrate with sand covering parts of the supralittoral
zone. This site has no freshwater sources other than rainfall.
The sedimentary rocks at the high-water line are coated with
microalgae, which support a large population of gastropods
that feed on them. Site 2 is a muddy area that experiences
waterlogging during high tides, and Site 3 is a sandy area
also used for waste disposal from fishing activities. These
sites were randomly chosen as sampling locations.

Methodology

Gastropod samples were gathered from the coastal area of
Sakthikulangara from January 2025 to June 2025. A quadrat of
0.25 m?was laid along the range on the intertidal region with an
ordinary stretch (Once in month). Thirty quadrats (10 quadrats
in each intertidal zone) were laid in a crisscross way at the
upward intertidal zones to cover the best uncovered domain.
Local shell collectors and professional divers from coastal
areas also assisted in gathering shells. In the lab, the shells
underwent cleaning, washing, and a gentle acid treatment
to eliminate periostracum and were then dried. Images were
captured individually for the specimens and operculum (if
available) with Canon G15 and Nikon D90 digital cameras.
The collected shells were meticulously arranged in individual
bottles, each labelled with the species name, family, order,
collection location, date, and collector’s name. The quantities
of shells for each species gathered from various collection
locations were also noted for the purpose of calculating the
diversity indices. The shells were identified to the species
level using standard keys and published works (Apte, 2012;
Robin, 2008; Rao, 2003) along with online resources (WORMS,
Indo-Pacific Molluscan Database, and Bio Search).

Data analyses

Univariate diversity metrics (e.g, species richness, Margalef's
diversity, Pielou's evenness, and Shannon-Wiener diversity
index) along with non-parametric multivariate statistical
methods examining spatiotemporal patterns in gastropod
distribution were performed as outlined in the PRIMER v6.1
statistical software (Hammer et al, 2001).

Results and discussion

A total of 50 gastropods belonging to 27 families and
8 orders were recorded at Sakthikulangara. Neogastropoda
that exhibited maximal abundance constituted 46% of the
total gastropod population, followed by Littorinimorpha
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(30%), Cycloneritida (10%), Trochida (6%), Heterobranchia,
Dentaliida and Seguenziida (2%) (Fig. 2). Order Neogastropoda
harboured the highest number of species (23) categorised
under eight families; almost 46% of the species collected
were from this species-rich order. Neogastropods are
carnivorous and prefer diversity in dietary and eating
behaviours compared to other classes of Gastropoda (Taufik
et al,, 2017). The availability of preferred food sources,
depending on the type of molluscs, is an important factor

2%

46%
® Dentaliida HTrochida
m Littorinimorpha Neogastropoda
m Caenogastropoda m Heterobranchia
m Seguenziida m Cycloneritida

Fig. 2. Percentage representation of various orders of class Gastropoda along
the rocky shores of Sakthikulangara coast

that influences the density of a particular species (Islami,
2012). Neogastropoda dominates benthic environments and
exhibits maximum diversity in the tropical seas (Bouchet
et al, 2002; Ponder and Warén, 1988). Neogastropods are
active predators and are mostly carnivorous, evidenced by an
elongate siphonal canal, terminally shifted mouth, and well-
developed proboscis. The high diversity of Neogastropods
along the Kerala coast was proved in the present study by
121 species belonging to 8 superfamilies and 24 families.
Order Littorinimorpha stood next in species diversity,
represented by fifteen species belonging to nine families
and contributing to 30% of the total diversity. Categorisation
of species into common, rare, and uncommon based on the
number of specimens obtained showed that 36 species (72%)
were of common occurrence, 5 species were uncommon
(10%), and 9 species were rare (18%) (Table 1 and Fig. 3).

For analysing the alpha diversity of the three zones, diversity
indices like the Shannon-Weiner diversity index, Margalef
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Table 1. Species composition and occurrence of intertidal marine gastropods in the

Sakthikulangara coast Family Species Sitel ~ Site2  Site3  Abundance
Family Species Site1  Site2  Site3  Abundance Chilodontidae  Euchlus asper * - - Uncommon
Dentaliidae Dentalium vernedei - + + Rare Ficidae Ficus variegata _ _ + Uncommon

Trochus radiatus + _ _ Common Haripdae Harpa major + _ B Common
Trochidae Umbonium vestarium _ _ + Common Bufonaria echinata + _ _ Uncommon

Turritellidae

Trochus + - + Rare Lotoria perryi + + + Common
Rostellariidae Tibia curta B + + Common Ranellidae Cymatium perryi _ + + Rare

Turritella acutangular + + - Common Neritidae Nerita litterata + + B Common
Turritellidae

Turritella attenuata - + _ Common Nerita plicata + + _ Common

Conus inscriptus + + B Common Echinolittorina malaccana  + + B Common
Conidae Littorinidae

Connus amadis + _ _ Uncommon Littoraria undulata + + + Common

Natica lineata - + + Common Littoraria intermedia + + + Common
Naticidae

Pollinices mammilla - - + Common Columbellidae Pyrene flava _ + + Common
Olividae Oliva gibbosa - + + Common Epitonidae Acrilla acuminata - + + Common
Babyloniidae Babylonia zeylanica + - + Common += Present,—= absent

Lophiotoma indica - + + Common
Turridae

Unedogemmula indica + B B Common

Rapana rapiformis -~ - + Common

Murex trapa + - - Common

Thais bufo + + + Common

Vokesimurex malabaricus B + Rare
Muricidae Murex carbonnieri + - _ Rare

Chiroreus ramosus B + + Rare

Murex virigineus + _ _ Common

Rapana rapiformis B B + Common

Lataxiena solenosteiroides + + Common
Tonnidae Tonna dolium - - + Common
Turbinellidae Turbinella pyrum - - + Common

Oliva oliva B + B Common
Olividae

Agaronia gibbosa Common
Mitridae Mitra mitra + + + Common

_ Turricula javana * - + Common Fig. 3. Gastropod species a. Naria sp, b. Bullia melanoides, c.Umbonium

Clavatulidae o vestarium, d. Turritella sp, e.0liva Oliva, f. Cypraea chinesis, g. Mitra sp.

Turricula javana + + + Uncommon
Cypracidae  Naria - * * Rare richness index, Simpson dominance index, and Pielou’s
Potamididae Terebralia palustris - + + Common evenness index were calculated (Table 2). The Shannon Weiner

, ‘ index showed the highest value of 2117 in station 1, followed

Notocochils gualtriana _ + + Common , . .
Naticidae by station 3 (1.807) and station 2 (1.702). The Margalef species

Natika spedica - - * Common richness values were 2.158 for the rocky zone, 1.87 for the sandy
Cassidae Semicassis ditturna B ~ + Rare shore, and 1.67 for the muddy zone. Pielou’s evenness index
Achitectonicidae Architectonica . . fare showed a high value of 0.987 in the rocky zone, indicating

more even distribution of species, and comparatively lower
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Table 2. Diversity indices of Gastropod species

Margalef Pielous Shannon Simpson’s
Stations richness (d) evenness () diversity (H) dominance (1)
Station 1 2158 0.987 2117 016
Station 2 167 0.6053 1720 0.2837
Station 3 1897 0.7893 1807 0.2544

values of 0.6052 in the muddy zone and 0.7893 in the sandy
zone, indicating less even distribution of species in the muddy
zone (Table 3). The mean abundance (N) was higher at Site.
3 (10.66 ind./m?) followed by Site. 1 (8.33 ind./m?), followed
by Site. 2 (7.66 ind./m?).

Two principal components (PC1 and PC2) represent the
majority of the variance in the data, while other principal
components are negligible. PC1and PC2 account for 96.839%
and 2.1197% of the total variance, respectively. The eigenvalues
of PC1and PC2 are 3.9894 and 0.0115, respectively. PC1 s highly
influenced by the number of taxa, while PC2 is influenced by
the Margalef species richness index (0.59786). The evenness
index and Shannon diversity index are very closely related
to each other (Fig. 4).

Habitat complexity appears to be a significant factor for
gastropod growth and survival, as this study makes clear.
By combining coralline turfs with and without sediment,
Olabarria and Chapman (2001) experimentally tested this
idea on Eatonina rubrilabiata. They found that the presence
of sediment increased growth rates while the absence of
sediment increased mortality. Additionally, we have observed
habitat specificity among some gastropod species in this
investigation. Nassarius globossus, the taxonomic species with
the highest numbers during the study, was widely distributed
in the sandy substratum that was covered in pebbles at Site 3,
but was not present at all in other places. Given that habitat

0.207
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Dominance
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Fig. 4. Biplot of diversity indices
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complexity has a significant impact on gastropod diversity
and abundance, discrepancies in habitat structure may be
the cause of this limited distribution. According to Tan and
Clements (2008), the Neritidae, a family of herbivorous,
euryhaline snails that typically live in the middle to upper
intertidal zones, dominated the Site. A. and Site. C sites. These
two sites share a lot of similarities in their habitat structure,
which is also evident in the species composition and patterns
of the gastropod assemblage. Because the rocky substratum
at these sites encourages healthy macroalgal growth, a variety
of associated mobile animals, such as fish, macrofauna, and
meiofauna, can find food and habitat there. As herbivores,
Neritidae flourish in these conditions. These results are
consistent with what Miloslavich et al. (2013) observed, that
the herbivore gastropods’ predominance occurs in areas with
greater macroalgal biomass.

Temperature, shoreline steepness, tidal range, protection
level, wave frequency, and electrical conductivity all affect
the type and quantity of biotas found in rocky environments
(Tikader et al, 1986; D'Souza et al, 2022). According to
Prasanna and Ramesh (2018), anthropogenic pressures from
urbanisation, tourism, recreational activities, runoff from
sewage dumping, and shell collectors can seriously threaten
the diversity of rocky habitats that currently exist. Small
invertebrates, plankton, and algae are among the marine
organisms that can find a variety of food sources on rocky
shorelines. Because of this, there is a diverse food web, with
many species depending on one another for sustenance.
Plankton, algae, and small invertebrates are among the
many marine organisms that rely on rocky shorelines as food
sources. Because of this, there is a diverse food web, with
many species depending on one another for sustenance. The
diversity of crustaceans, algae, sponges, echinoderms, and
Ascidians are all studied. Variations in temperature, steepness
of shores, tidal range, amount of protection, wave frequency
and electrical conductivity also regulate the kind and number
of biotas associated with rocky habitats (Tikader et al, 1986;
D'Souza et al, 2022). Anthropogenic pressures due to sewage
dumping, urbanisation, tourism, recreational activities, runoffs
and shell collectors can pose a serious threat to the existing
diversity of rocky habitats (Prasanna and Ramesh, 2018).
Rocky shores provide a variety of food sources for marine
organisms, including algae, plankton, and small invertebrates.
This supports a diverse food web, with many species relying on
other species for food. Rocky shores provide a wide variety of
food sources for marine organisms, including algae, plankton,
and small invertebrates. This supports a diverse food web,
with many species relying on other species for food. The
study areas’ diversity of algae, sponges, crustaceans, and
echinoderms and Ascidians (Ravinesh and Biju Kumar, 2013,
Anu et al, 2017) and overall, the combination of physical
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diversity, food availability, connectivity, adaptation, and
environmental stability makes rocky shores highly diverse
in these regions. The rich gastropod diversity of the rocky
patches along the Sakthikulangra coastline sheds light on
the potential for in-depth taxonomic studies. The varying
physicochemical parameters prevailing in the ecosystem,
coupled with high productivity, can be the reason for the
highly diverse species patterns observed in the study.

Conclusion

The present study reveals that habitat complexity is one of the
major but not sole variables for describing the assemblages
of gastropods. Diversity and richness of gastropods were
higher at structurally complex habitats. The study also reveals
gastropod assemblages and their preferred habitat. Family
Natticidae preferred soft bottom habitat and was abundant at
Site C and altogether absent from other locations. Whereas
Neritidae and Muricidae were found at almost all the locations.
These data on Sakthikulangra coastal molluscan diversity
provide fundamental ecological information about its dynamics
along the coast.
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