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ABSTRACT

Pila celebensis (family Ampullariidae) is a native freshwater snail species found in
Asia, including Indonesia, and possesses significant ecological and economic
importance. However, Pila populations face various threats due to the invasiveness
of Pomacea, as well as human activities. This study aimed to document the
presence of P. celebensis on Madura Island and describe its morphological and
morphometric characteristics. Samples were collected from four localities in
Madura. All specimens had a similar morphological shell, including a spherical
shell with a prominent brown color and dark brown spiral pattern, an oval to
elongate lunar aperture, a thin or closed umbilicus, and a concentric operculum.
However, morphometric size varied significantly by location. The largest
individuals were found in the rice fields of South Poter Village, while the smallest
were found in a stream in Nyalabuh Laok Village. This difference reveals that
environmental factors, notably habitat conditions and food quality, have a
significant impact on shell growth, with higher nutrition supporting larger sizes.
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INTRODUCTION

The family Ampullariidae is a group of
freshwater snails that consists of 9 genera, which
are:  Afropomus Pilsbry & Bequaert, 1927,
Forbesopomus Bequaert & Clench, 1937, Lanistes
Montfort, 1810, Pila Roding, 1798, Saulea Gray,
1868, Asolene A. d'Orbigny, 1838, Felipponea Dall,
1919, Marisa J. E. Gray, 1824, and Pomacea Perry,
1810 (MolluscaBase, 2024). Previous studies have
recorded more than 150 species in the family
Ampullariidae, showing a very high level of
diversity (Hayes et al., 2009). This family is even
considered one of the largest groups of freshwater
snails in the world (Ng et al., 2020; Thaewnon-ngiw
et al., 2008). The most prevalent genera within this
tamily are Pomacea and Pila (MolluscaBase, 2024).
Pomacea is known for its very wide distribution.
The species of Pomacea canaliculata, 1s known as a

major pest in rice farmland because it damages
crops and disrupts the balance of freshwater
ecosystems (Bae et al,, 2021; Luo et al,, 2023; Md
Latip & Clement, 2021). The Ampullariidae species
have a high ability to adapt and are able to survive
in various environments (Hayes et al.,, 2015; Ip et
al., 2018; Jabal et al., 2022). Due to their estivation
ability, Ampullariidae can survive in a dry
environment for a relatively long time (Hayes et al,,
2015; Marwoto & Isnaningsih, 2014). Members of
the family Ampullariidae demonstrate a high degree
of resilience to chemical contaminants originating
from agricultural practices. The intensive use of
synthetic chemicals in conventional farming reduces
macroinvertebrate diversity and stability, whereas
organic farming methods better conserve these
ecological community attributes (Kurnianto et al,,
2022). One of the unique features of Ampullariidae
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is the way they reproduce; they lay eggs above the
surface of the water to protect the embryo from
aquatic predators (Djeddour et al., 2021; Ip et al,
2018; Luo et al., 2023).

The genus Pila has around 30 species that are
widely distributed in tropical and subtropical
regions. The main distribution of this genus is in
Asia and Africa (Hayes et al., 2015; Panda et al,
2022). The genus Pila is believed to have originated
in Africa and then migrated to Asia, possibly due to
continental drift (Panda et al., 2022; Sil et al., 2020).
One species of Pizla known to exist in Indonesia is
Large-shelled Pila specimens
conforming to the descriptions of Djajasasmita
(1987), Marwoto et al. (2011), Ng et al. (2014), and
Ng et al. (2019) were classified as Pila ampullacea tor
a long time. Based on geometric morphometric
analysis and molecular evidence, Ng et al. (2020)
reexamined the identity and taxonomy of Pila
ampullacea from Southern Thailand, together with
specimens from outside Southern Thailand, the

Pila  celebensis.

Malay Peninsula, and the Greater Sunda Islands,
and determined them as Pila celebensis.

Pila celebensis, plays an important role in
ecosystems. Their feeding activity, which targets
algae, senescent plant material, and organic
detritus, provides ecosystem services related to
purification.  Therefore, this  species
contributes to reducing aquatic vegetation that
often clogs waterways, and also helps to manage
aquatic weeds (Patel & Rurhe, 2023). Pila celebensis
is also used as an alternative source of protein,
which is processed into various types of food, such
as baby porridge, various liquid foods, crackers, and
tfood flavor enhancers (Broto et al., 2020; Fatimah et
al., 2018; Thsani et al., 2020; Rompas et al.,, 2023).
the field of aquaculture and fisheries

perspective, P. celebensis and P. globosa have an

water
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important role, providing livelihoods and income
sources for communities reliant on these snails
(Jadhav et al., 2023; Kasim et al., 2023). The mucus
of P. celebensis is known to contain vitamin C, which
is beneficial for the health of the body and skin. In
addition, it also has pharmacological properties,
including antioxidant,  and
antitumor, and contains other active compounds
that promote burn wound healing (Septiani et al.,
2023).

Some species of Pila are categorized as Least
Concern by the
Conservation of Nature (IUCN), meaning that these
species still face various types of threats to their
lives from human activities. For example, changes

anti-microbial,

International  Union for

in habitat due to urbanization and land conversion
for agriculture have reduced their natural habitat,
fragmentation  that disrupts their
reproductive patterns. In addition, water pollution

causing

from various industrial and agricultural waste also
affects the habitat quality of Pila and disrupts Pila’s
health and reproduction (Marwoto et al., 2020b).

Pila celebensis is considered a pest species for
plants, especially in rice plants (Rompas et al,
2023).
celebensisis less significant than that of Pomacea
canaliculata. Molluscicides applied for P. canaliculata
are non-selective, consequently impacting the non-
target species, P. celebensis, which shares the same
ecological niche (Martin et al., 2019).

According to Djajasasmita (1987), P. celebensis
in Indonesia is one of the largest freshwater snails
in size. The shell can grow up to 100 mm and has a
diameter of £ 100 mm. Pila celebensis can be found in

However, the pesticidal impact of Pila

almost all regions in Indonesia, especially in areas
with fresh water that is not very fast. The areas in
Indonesia that are the main homes of these snails
are Kalimantan, Sumatra, Java, and Sulawesi. Pila
celebensis is generally found in shallow water areas
such as freshwater waters, lakes, ponds, or various
streams of water that have a moderate flow
(Suartini & Sudatri, 2022). The results of research
conducted by Normasitah et al. (2023), on the
morphology of the P. celebensis rice field snail in the
Pontianak City, rice field area, show that this
species has a black to blackish green shell with a
rounded conical shape.

Madura Island is one of the islands in East Java
that remains the habitat of Ampullariidae. Madura
is located in the northeast of Java Island, covering
four administrative areas consisting of four districts,
namely: Bangkalan Regency, Sampang Regency,
Pamekasan Regency, and Sumenep Regency
(Rahman, 2018). Madura Island is located at a
latitude of about 7° south and between 112° and
114° east longitude. The length of Madura Island is
about 190 km, with the widest distance of around 40
km. The total area is 5,304 km?. levation ranges
from 2 to 850 m above sea level, with the lowest
altitude being the coastal areas in the east, west,
south, and north of the island (Razy & Mahzuni,
2021).The purpose of this study is to document the
presence of P. celebensis on Madura Island and
describe the morphological and morphometric
characteristics.
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MATERIALS AND METHODS

Sample Collection

Sampling were carried out from March to
December 2024 in the following localities: (1) River
of Bangkalan Regency (7°09'42.4"S 112°53'04.0"E),
(2) Rice Field of South Poter Village, Tanah Merah
Subdistrict, Bangkalan Regency (7°04'07.1"S
112°49'42.3"E), (8) River of Nyalabuh Laok Village,

Pamekasan Regency (7°08'53.0"S 113°27'51.0"E),
(4) Rice Fields of Torjun Village, Keddeng Hamlet,
Sampang Regency (7°09'20.0"S 113°11'07.6"E)
(Figure 1). All collected specimens were stored in
the Taxonomy Laboratory, Department of Biology,
Faculty of Mathematics and Natural Sciences,
Universitas Negeri Surabaya.
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Figure 1. Sampling localities of P. celebensis on Madura Island, Indonesia
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Figure 2. The parts of a Pila celebensis shell and their measurement dimensions :

apex (A), suture (ST), shell

height (SH), shell width (SW), spire (S), body whorl (BD), aperture width (AW) and aperture height (AH)

Species Identification
Measurements

and Morphometric

Morphometric measurements included shell
height (SH), shell width (SW), spire (S), body whorl
(BD), aperture width (AW), and aperture height
(AH), which were measured using a vernier caliper
(Figure 2). The observed characteristics were shell
shape, shell color, shell pattern, shell surface

ornamentation, which includes axial and spiral
growth lines, as well as operculum shape. Species
identification was performed based on the
characteristics or morphology of shells following
Dharma (2005), and taxonomic was carried out
using MolluscaBase.
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Data analysis

The morphometric data were analyzed with
PAST 4.04 software using the Principal Component
Analysis (PCA) method as a way to identify
patterns and groupings among specimens based on
PCA  generated eigenvalues
indicating the contribution of each component to
the total variance.

morphometrics.

RESULTS AND DISSCUSION
Nineteen individuals of P. celebensis were
obtained from field sampling. The following section
provides details about the
description of P. celebensis species.

systematics and

Systematics

Kingdom Animalia

Phylum Mollusca

Class Gastropoda

Order Architaenioglossa

Family Ampullariidae

Genus Pila

Species Pila celebensis (Quoy & Gaimard, 1834)
(Fig. 8; Fig. 4)

Pila ampullacea — Komalamisra et al., 2009: 245,
Figure 1-A

Pila ampullacea — Ng et al., 2014: 83, Figure 2
Pila ampullacea — Ng et al., 2019: 5, Figure 2-A
Pila ampullacea — Marwoto et al., 2020a: 2, Figure 1-
A

Pila celebensis — Ng et al., 2020: 298, Figure 7-A

Material examined

LTH.GST.170B, River Flow of Bangkalan
Regency (7°09'42.4"S  112°53'04.0"E), n: 8;
LTH.GST.170A Rice Field of South Poter Village,
Tanah Merah Subdistrict, Bangkalan Regency
(7°04'07.1"S 112°49'42.8"E), n: 5; LTH.GST.170C,
River Flow of Nyalabuh Laok Village, Pamekasan
Regency (7°08'53.0"S 113°27'51.0"E), n: 3.
LTH.GST.170D, Rice fields of Torjun Village,
Keddeng Hamlet, Sampang Regency (7°09'20.0"S
113°11'07.6"E), n: 3.
Diagnosis

The shell of P. celebensis is characterized by a
globose shell, with transverse lines, apex is not very
prominent, the spire is low, spire terraced, the
aperture is elongate, lunar, and the umbilicus is
narrow.
Description

Morphology - Shell: Large (shell height about
17-72.25 mm, shell width 14.75-70 mm), globose,
thick, and dense. Color dark brown to yellowish

brown. The shell coils in a dextral direction with
about 4-5 whorls. The surface is plain and smooth
with a soft lustre, striated with transverse lines.
The spire is elevated; the suture is shallow and
without a channel. The umbilicus is narrow or
closed. The Aperture is oval to elongate lunar or
oblique, slightly widened at the base. Operculum:
solid and calcified, oval to elongate lunar, concentric
with a subcentral nucleus, and flat on its external
surface.
Principal Component Analysis
The eigenvalue is a comparison value on

the Principal Component that can be used in
grouping data. Principal Component 1 is the main
axis that shows the maximum value in data
variability. Meanwhile, Principal Component 2 is an
axis that shows the minimum value in variability
that is
Component 1, so the use of Principal Component 1
in describing data is important (Ma et al., 2011).

The largest eigenvalue is associated with PC1,
which is 1125.69, explaining 98.67% of the total
variance. Meanwhile, PC2 has an eigenvalue of 6.98,

not taken into account in Principal

accounting for 0.61% of the total variance. Thus,
further analysis can use Principal Component 1 and
Principal Component 2 as a comparison. The
eigenvalues on Principal Components 3 to 6 are
very small, so it can be ignored. Based on the
eigenvalues of Principal Component 1 and Principal
Component 2, there are quadrants 1 to quadrant 4.
It is known that the parameters of the body whorl
(BD), shell height (SH), and spire (S) occupy
Quadrant 1 or are located between the positive X
and positive Y axes which have a strong correlation
on the differences of the four locations. As for the
parameters of shell width (SW), aperture height
(AH), and aperture width (AW), they are in
Quadrant 4, located between the positive X and
negative Y axes, indicating that these parameters
are weakly correlated with the differences of the
tour P. celebensis species locations.

The distribution of morphometric data on the
scatter plot shows that there are four different
groups. Three individuals of P. celebensis species
found in Poter Village are located in Quadrant 1
and 2 individuals are located in Quadrant 4, where 3
individuals of P.
quadrant 1 have a strong correlation with the
parameters of body whorl (BD), shell height (SH),
and spire (S), while 2 individuals in Quadrant 4 have
a weak correlation with the parameters of shell
width (SW), aperture height (AH), and aperture
width (AW). All individuals of P. celebensis species

celebensts  species located in
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found in the rice fields of Torjun Village are located
in Quadrant 2 (Figure 4), which has a weak
correlation with the parameters of body whorl (BD),
shell height (SH), and spire (S). On the other hand,
in individuals of P. celebensis species found in
Bangkalan River and Nyalabuh Laok River, most of
them are located in Quadrant 3, which also shows a

weak correlation, indicating that the shell size
decreases with distance from the parameter point.
Some other individuals are in Quadrant 2, similarly
exhibiting a weak correlation with the parameters
of body whorl (BD), shell height (SH), and spire (S).
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Figure 3. Pila celebensis from Madura Island: A) River Flow of Bangkalan Regency, B) Rice Field of South Poter
Village, Tanah Merah Subdistrict, Bangkalan Regency, C) River Flow of Nyalabuh Laok Village, Pamekasan
Regency, D) Rice fields of Torjun Village, Keddeng Hamlet, Sampang Regency
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Table 1. Eigenvalues of shell mo

rphometry data of P. celebensis species

PC Eigenvalue % variance
1. 1125.69 98.668
2 6.9841 0.61216
3 5.61695 0.49233
g 1.561082 0.13242
5 0.871432 0.076382
6 0.212795 0.018652
Quadran 2 50~ Quadran 1

SH

BD

Riwar Flow of Nyalabuh Laoje3bllage

-3.04

Quadran 3

Quadran 4

Component 1

Figure 4. Scatter plot of P. celebensis shell morphometry data from four sites using Principal Component Analysis

(

Shell Morphological Characteristics

The shell morphology of the observed P.
celebensis specimens is consistent with descriptions
by Ng et al. (2020) and Marwoto et al. (2020a),
characterized by a globose shape. The dominant
shell color is brown with striated transverse lines.
The spire is elevated, and the suture is shallow
without a channel (Figure 3). Umbilicus is narrow
or closed. The Aperture oval to elongate lunar or
oblique. Furthermore, the research conducted by
Ng et al. (2014) reported that P. celebensis has a
smooth shell surface with fine axial lines. In some
individuals, brown spiral lines of varying thickness
are visible inside the aperture. Axial brown lines
marking previous growth stages are present, and
the inner lip of the aperture is typically yellow to
light orange. These findings are consistent with the
present study.

PCA)

Shell Size Variation Among Habitats

Variation in shell size among P. celebensis
populations from different sampling sites reflects
the influence of habitat differences. Snails inhabiting
environments with high organic content, such as
rice fields, generally exhibit larger shells compared
to those from river habitats (Cazzaniga, 2006;
Isnaningsih & Marwoto, 2011; Suarmustika et al,,
2018). The present results are consistent with this
pattern, as the largest Pila was collected from rice
fields of South Poter Village, while the smallest was
collected from the river flow of Nyalabuh Laok
Village. Previous studies have also suggested that
shell size may be influenced by food availability and
predation pressure. Based on studies conducted by
Kumaladewi (2009), there is a positive relationship
between shell size and consumption level, with
large snails have the highest ability to consume
tood. Although the current study did not explicitly
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measure food resources, the previously established
findings provide possible explanations for the
observed shell size variation in P. celebensis.

CONCLUSION

This study identified the morphological and
of P.
distributed on Madura Island. The morphological
of the shell of P.
characterized by a globose shape with a smooth

morphometric  characteristics celebensts

characteristics celebensis  is
surface and fine axial lines. The dominant shell color
i1s brown with striated transverse lines. Shell spire
elevated. Suture shallow without any channel
Umbilicus is narrow or closed. The Aperture oval to
elongate lunar or oblique. In some individuals,
brown spiral lines of varying thickness are visible
inside the aperture. The axial brown lines marking
previous stages of growth rest, and the inner lips of
the aperture are usually yellow or light orange.
morphometric
characteristics show variations in shell size. P.
celebensis, the largest shell size, is found in the rice
fields of South Poter Village. Meanwhile, P.
celebensis, which has the smallest size, was found on
the river flow Nyalabuh Laok Village. These results
confirm that environmental factors, such as habitat
conditions and food source availability, play an
important role in the morphometric variation of P.
celebensis.

Meanwhile, measurement
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