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Abstract. Reza AD, Mahendra AS, Riadi AA, Aryanto AEP, Agustin HN, Dewangga A, Indrawan M, Dadiono MS, Setyawan AD. 2024.
Diversity of gastropods (Animalia: Mollusca) in the upper Bengawan Solo River, Central Java, Indonesia: Native versus alien species.
Intl J Bonorowo Wetlands 14: 83-95. Bengawan Solo River in Java Island, Indonesia, is important habitat for aquatic organisms, one of
which is gastropods. However, there is indication of the presence of invasive alien gastropods in this river, which might pose threat to
native species. This study aimed to identify the diversity of gastropod species in the upper Bengawan Solo River, Central Java,
Indonesia and assess the presence of invasive species measured. Data collection was conducted in December 2023 at five stations
representing varying habitat conditions. Data was collected using the transect plot method and analyzed by calculating the Shannon-
Wiener index, Simpson's dominance index and density. The invasive status of species was determined based on literature studies. The
study revealed 23 gastropod species from 9 families. There were 16 invasive species found, including Tarebia granifera, Sulcospira
testudinaria, Faunus ater, Achatina immaculata, Pomacea canaliculata, Sermyla riquetii, Limicolaria flammea, Littorina littorea,
Perpolita hammonis, Viviparus glacialis, Viviparus viviparus, Viviparus intertextus, Semisulcospira libertina, Brotia costula, Zebrina
detrita, and Melanoides tuberculata. There were 7 native species found, namely Pila scutata, Pila ampullacea, Filopaludina javanica,
Stenomelania punctata, Stenomelania denisoniensis, Cipangopaludina chinensis and Acavus phoenix. The level of diversity of
gastropod species in the upper Bengawan Solo River was in the medium category while the dominance index was low, indicating that
there was no dominant gastropod in the upper Bengawan Solo River. Some invasive gastropod species had high density compared to
other species, implying a threat to the native ones. This finding warrants attention since the dominance of invasive alien species can
affect the ecological system balance and lead to the loss of native species.
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INTRODUCTION

Bengawan Solo River is the longest river system in Java
Island, Indonesia, which administratively crosses two
provinces: Central Java and East Java with a drainage area
of 16,000 km? (Utomo et al. 2017). It plays important role
in various aspects of human livelihoods such as fisheries,
agriculture, industry, tourism, and other domestic interests
(Mudjib and Lasminto 2013; Firmansyah et al. 2020). The
upstream area of the Bengawan Solo River covers several
districts in Central Java Province including Wonogiri,
Sukoharjo, Surakarta, Karanganyar, and Sragen. The
upstream area of Bengawan Solo River is important in
maintaining biodiversity, yet it has undergone many
changes compared to other rivers in Indonesia such as the
construction of reservoirs, canals (sodetan), and dams
(Darmawan et al. 2018). In particular, these changes affect
the diversity and abundance of aquatic organisms formerly
occurring in the upper Bengawan Solo River, including
gastropods or snail groups (Aida et al. 2022).

Gastropods are an invertebrate group that belongs to the

phylum Mollusca. They have soft bodies, use the abdomen
for moving, and generally have shells. Gastropods
generally have a threaded single shell and eyes, and are
equipped with tentacles. They play a crucial role as
bioindicators, which can indicate pollution in aquatic
ecosystems. In unpolluted waters with low water discharge,
gastropods are evenly distributed with great abundance.
Conversely, in polluted waters, few gastropod species tend
to dominate a habitat (Nurlina and Harahap 2023).
Substrates and elements of contaminants affect the
composition and diversity of gastropods (Ferisandi et al. 2018).
According to Wahyuningsih and Umam (2022), species
distribution is determined by two factors, namely the
availability of resources and the presence of barriers or
obstacles. Gastropods have a wide range of habitat distribution.
They can be found in various water ecosystems, ranging
from flowing waters such as rivers to stagnant waters such
as lakes, swamps, and reservoirs (Fernanda 2021).
Gastropods are also found in various substrates; some are
attached to river banks and plants and live in mud, rocks,
gravel, and sand (Purnama et al. 2022a). Nonetheless, the
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existence of gastropods is strongly influenced by food
availability and tidal conditions (Uribe et al. 2016).

Gastropods are widely used by local communities as a
food source (Sundalian et al. 2022). However, native gastropod
species are slowly being degraded by the presence of
invasive alien species. These invasive gastropod species
tend to compete, dominate and usually attack native
species, posing a significant threat to the ecosystem
equilibrium (David et al. 2017). In addition, invasive
species can reproduce quickly without copulating with the
opposite sex; thus, spreading invasive species can dominate
water ecosystem and threaten biodiversity. Invasive alien
species are also the direct cause of biodiversity loss in the
world, through the homogenization process.

There are several studies in the topics of biodiversity in
the upper Bengawan Solo River, including Hasan et al.
(2023); Haqqi et al. (2024); and Pramono et al. (2024).
Nonetheless, there is no analysis which focuses on the
presence of gastropods in this area and the potential threat
of invasive gastropod species. Given these scientific gaps,
this study aims to identify the diversity of gastropod
species and their potential invasiveness in the upper
Bengawan Solo River. The results of this study is expected
to provide insights into the diversity and dominance of
gastropod species, distinguish between native and invasive
species and identify environmental factors influencing their
distribution in the upper Bengawan Solo River.

MATERIALS AND METHODS

Study period and area

The research was conducted on December 2023 in the
upper Bengawan Solo River, Central Java Province,
Indonesia (Table 1; Figures 1 and 2). Data was collected at
five stations representing varying habitat conditions.
Station 1 was located in Wonogiri District (Pokoh,
Wonogiri, and Giritirto, Wonogiri) with muddy
environmental conditions, and there were many cultivated
plants on the river banks, such as cassava. Station 2 was
located in Sukoharjo District (Colo Dam, Nguter,
Sukoharjo, and Bacem Bridge, Grogol, Sukoharjo) with
muddy and rocky environmental conditions, many aquatic
plants and artificial infrastructure in the form of dams and
embankments. Station 3 was located in Surakarta City
(Jurug Bridge, Jebres, Surakarta and Kampung Sewu,
Jebres, Surakarta) with muddy bank conditions and
riverbanks were in the form of grassy floodplains with
many aquatic plants. Station 4 was located in Karanganyar
District (Ring Road Bridge, Dalon, Sroyo, Jaten,
Karanganyar, and Ngabeyan, Kebakkramat, Karanganyar)
with muddy conditions and covered with plants on the
riverbanks. Station 5 was located in Sragen District
(Sidokerto, Plupuh, Sragen and Pringanom, Masaran,
Sragen), where conditions were muddy and the riverbanks
were overgrown with plants.

Table 1. Geographical coordinates of study location in the upper Bengawan Solo River, Central Java Province, Indonesia

Station District/city Location Coordinates
1A Wonogiri Outlet of Gajah Mungkur Reservoir, Karang Talun, Pokoh Kidul 7°49'59.42"S and 110°55'34.78"E
1B Outlet of Gajah Mungkur Reservoir, Sukorejo, Giritirto 7°49'32.23"S and 110°55'33.61"E
2A Sukoharjo Colo Dam, Dusun 11, Pengkol, Nguter 7°45'3.82"S and 110°53'58.02"E
2B Bacem Bridge, Dusun Il, Telukan, Grogol 7°36'48.71"S and 110°49'11.61"E
3A Surakarta Jurug Bridge, Pucangsawit, Jebres 7°3359.62"S and 110°51'39.87"E
3B Demangan Baru Sluice, Kampung Sewu, Jebres 7°34'36.59"S and 110°50'41.16"E
4A Karanganyar ~ Ring Road Bridge, Dalon, Sroyo, Jaten 7°32'45.60"S and 110°52'19.46"E
4B Near pig farm, Kanten, Sroyo, Jaten 7°31'27.19"S and 110°52'28.79"E
5A Sragen Masaran Bridge, Dusun I, Sidokerto, Plupuh 7°29'22.20"S and 110°53'35.31"E

5B Sari Bridge, Dungus, Karanganyar, Plupuh

7°26'47.54"S and 110°54'56.20"E
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Figure 1. Map of study location in the upper Bengawan Solo River, Central Java Province, Indonesia. See Table 1 for more details
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Figure 2. Condition of study location in upper Bengawan Solo River, Central Java Province, Indonesia. A. Station 1: Wonogiri; B.
Station 2: Sukoharjo; C. Station 3: Surakarta; D. Station 4: Karanganyar; E. Station 5: Sragen. See Table 1 for more details.

Gastropod sample collection and identification

Sampling was carried out using a purposive sampling
method with transect plots based on the conditions on the
riverbank (Wahyuningsih and Umam 2022). Each sampling
station consisted of two 70-meter transects along the river
flow, with 2 x 2 m plots placed at a distance of 5 m
between each plot (Hartati et al. 2022). Samples of living
gastropods were collected and preserved with 70% alcohol,
and gastropod shells were collected and then put into
plastic bags for further identification. The identification
process was carried out by focusing on the morphological
characteristics of the gastropod samples, including shell
shape, color, and pattern. After the species identification,
the samples were documented using a digital camera. The
determination of invasive and native gastropod species was
carried out by referring to various references including
Veeravechsukij et al. (2018); Wei et al. (2018); Maldonado
and Martin (2019); Arias et al. (2020); David et al. (2020);
Qin et al. (2020); Envin et al. (2020); Kalcheva et al.
(2020); Marwoto et al. (2020); Rodrigo and Manamendra-
Arachchi (2020); Sawada et al. (2020); Séanchez et al.
(2021); Willan and Kessner (2021); Edgar et al. (2022);
Gusna GM et al. (2022); Gurumayum (2023); Ouedraogo
et al. (2023); Wang et al. (2023).

Data analysis

Gastropod samples that have been collected and
identified were then analyzed. Data analysis of the number
of species and individuals of each species collected was
carried out using the Shannon-Wiener index (H') to
determine the diversity of gastropods, Simpson's
dominance index (C) to determine the gastropod
dominance level, and density index (Di) to determine the
gastropod density. The value of each index calculation is as
follows:

The Diversity Index was calculated using the Shannon-
Wiener formula (Krebs 1989) as follow:

H = Z:l[(nz INY X In (ni /D]

Where: H’: Diversity index; ni: Number of individuals
of the i-th species; N: Total number of individuals

Shannon-Wiener diversity index is divided into 3
categories, namely:

H’<1: Low diversity; 1<H’< 3: Medium diversity;
H’>3: High diversity

The Simpson's dominance index was calculated
referring to Odum (1949) using the formula;
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i=1

Where: C: Dominance index; ni: Number of individuals
of the i-th species; N: Total number of individuals

The dominance index was classified into two:
0<C< 0.5: No species dominates; 0.5<C<I1: There is a
dominating species

The gastropod density was calculated using the formula
(Krebs 1989) as follow:

Where: Di: Density of individuals of the i-th species; ni:
Number of individuals of the i-th species; A: Area of the
sampling plot (m?)

The data were then analyzed descriptively. The
potential threats of invasive species were analyzed and
described based on literature studies.

RESULTS AND DISCUSSION

Gastropods diversity

In total, there were 23 gastropod species belonging to 9
families in the upper Bengawan Solo River obtained from
station 1 Wonogiri (9 species), station 2 Sukoharjo (9
species), station 3 Surakarta (10 species), station 4
Karanganyar (5 species), and station 5 Sragen (12 species).
Thiaridae is the family with the largest number of species
(7), followed by Viviparidae (5 species) and Ampullariidae
with 3 species. Other families were represented by one
species, including Littorinidae, Achatinidae, Pachychilidae,
Achavida, Enidae and Gastrodontidae.

Gastropod species found at station 1 (Wonogiri) were
Tarebia granifera (Lamarck, 1816), Pomacea canaliculata
(Lamarck, 1822), Melanoides tuberculata (O.F.Mdller,
1774), Filopaludina javanica, Sermyla riquetii (Grateloup,
1840), Sulcospira testudinaria Busch, 1842, Stenomelania
denisoniensis (Brot, 1877), Semisulcospira libertina
(A.Gould, 1859), and Viviparus intertextus. At station 2
(Sukoharjo), various species of gastropod were found,
namely T. granifera, S. testudinaria, S. libertina, P.
canaliculata, Brotia (Brotia) costula (Rafinesque, 1833),
Stenomelania punctata (Lamarck, 1822), F. javanica, Pila
ampullacea, and M. tuberculata. At station 3 (Surakarta)
the gastropod species included Pila scutata (Mousson,
1848), P. canaliculata, Faunus ater (Linnaeus, 1758),
Limicolaria flammea (O.F.Miller, 1774), S. testudinaria,
F. javanica, Achatina immaculata, Acavus phoenix
(L.Pfeiffer, 1854), Perpolita hammonis (Strem, 1765), and
T. granifera. At station 4 (Karanganyar), there were T.
granifera, P. canaliculata, S. libertina, A. immaculata, and
M. tuberculata. At station 5 (Sragen), gastropod found
were  Viviparus viviparus (Linnaeus, 1758), P.

canaliculata, T. granifera, Littorina littorea (Linnaeus,
1758), Viviparus glacialis (S.V.Wood, 1872), F. javanica,
P. ampullacea, S. testudinaria, Cipangopaludina chinensis
(J.E.Gray, 1833), A. immaculata, M. tuberculata, and
Zebrina detrita (O.F.Muller, 1774). Some gastropods are
presented in Figure 3.

Table 2 shows that not all types of gastropod species
can be found at all stations. This is similar to the research
of Siswansyah and Kuntjoro (2023) that not all species of
gastropods can live at a wide range of habitat because the
water and substrate conditions are not suitable for their
growth and survival. Nonetheless, T. granifera and P.
canaliculata were found in all stations and easily adapt to
the water quality of Wonogiri, Sukoharjo, Surakarta,
Karanganyar, and Sragen.

The habitat of T. granifera is in lotic waters; it belongs
to a form of fauna that lives attached to various types of
substrates and is often found on the banks of river waters
(Veeravechsukij et al. 2018). In addition to living in natural
places, T. granifera can be found in man-made water
bodies such as reservoirs or water irrigation channels
(Majdi et al. 2022). According to research by Albarran-
Meélzer et al. (2020), the species can live between 20 and
38°C. Tarebia granifera can adapt to high turbidity and
polluted water, so it's widely distributed. It can also be
passively carried by river currents, water birds, etc.
(Salwiyah et al. 2022). Tarebia granifera is considered as
invasive alien species, its presence is often used as
bioindicators of water pollution (Yakovenko et al. 2018).

Pomacea canaliculata, or gold snail species, can be
easily found in various places, such as rice fields, rivers,
lakes, and reservoirs (Noorshilawati et al. 2020). In its
development at the age of 6 months, it can lay up to
approximately 1000 eggs (Harahap et al. 2020). P.
canaliculata is included in omnivores, which can eat dead
animals, and in the food chain and it is included as predator
(Kannan et al. 2020). The suitable temperature to adapt to
its habitat is 23-32°C (Bae et al. 2021).

Filopaludina javanica, often known as tutut, is
commonly consumed by human. It is a species that can
adapt and survive in river waters with a temperature of 23-
32°C, and even with heavy metals presence, such as Cu,
Cr, Fe, Mn, Pb, and Zn (Arfiati et al. 2021). The average
size of F. javanica shell height is between 15 to 35 mm,
shell width is 12 to 25 mm and thickness is between 0.13-1
mm (Priawandiputra et al. 2020). Sermyla riquetii has
similarities with T. granifera, which can survive at 20-
38°C, and the shell structure is rough and wavy, only half
of the shell color is white mixed with brownish (Lentge-
Maall et al. 2021). It is also included as invasive alien
species (Wei et al. 2018).

Sulcospira testudinaria has a dark black or black mixed
with a brownish color and has a different shell from the M.
tuberculata. Sulcospira testudinaria has a blunt shell at the
top and can live at 25-32°C (Arumsari and Adharini 2021).
According to Nugroho et al. (2023), S. testudinaria has
benefits in its shell because there is a potential source of
calcium precursors; the shell is rich in calcium carbonate
(CaCO0s), which can be thermally decomposed into calcium
oxide (CaO) through calcination (Mujiono et al. 2019).



Table 2. Presence of invasive and native gastropod species in the Upper Bengawan Solo River, Central Java, Indonesia

Family Species name 1 > Stagon 7] 5 Substrate Natural distribution Invasive v.s. native
Thiaridae Tarebia granifera (Lamarck, 1816) ° ° ° ° e Mud Southeast Asia Invasive (Veeravechsukij et al. 2018)
Ampullariidae ~ Pomacea canaliculata (Lamarck, 1822) ° ° ° ° Lithophytic, plants  South America Invasive (Qin et al. 2020).
Thiaridae Semisulcospira libertina (A. Gould, 1859) ° ° ° Lithophytic, mud  Japan Invasive (Sawada et al. 2020)
Thiaridae Melanoides tuberculata (O.F. Muller, 1774) ° ° ° Lithophytic, mud  Africa Invasive (Ouedraogo et al. 2023)
Viviparidae Filopaludina javanica (Busch, 1844) ° ° Mud Indonesia, Thailand Native (Maldonado and Martin 2019)
Thiaridae Sulcospira testudinaria (Busch, 1842) ° ° Lithophytic Indonesia Native (Hertika et al. 2023)
Thiaridae Stenomelania punctata (Lamarck, 1822) ° Plants, mud Indonesia Native (Willan and Kessner 2021)
Thiaridae Stenomelania denisoniensis (Brot, 1877) ° Lithophytic Indonesia Native (Willan and Kessner 2021)
Viviparidae Viviparus intertextus (Say, 1829) ° Lithophytic Latin America Invasive (Arias et al. 2020)
Thiaridae Sermyla riquetii (Grateloup, 1840) Lithophytic, plants  Thailand Invasive (Wei et al. 2018)
Ampullariidae  Pila scutata (Mousson, 1848) ° Lithophytic, plants  Indonesia, Myanmar, Native (Marwoto et al. 2020)
Thailand
Ampullariidae  Pila ampullacea (Linnaeus, 1758) ° e Lithophytic, mud Indonesia, Singapore Native (Marwoto et al. 2020)
Pachychilidae ~ Faunus ater (Linnaeus, 1758) ° Lithophytic Philippines Invasive (Gusna et al. 2022)
Achatinidae Limicolaria flammea (O.F. Muller 1774) ° Plants, lithophytic ~ West Africa Invasive (Envin et al. 2020)
Achatinidae Achatina immaculata (Lamarck, 1822) ° ° e Plants, lithophytic ~ Africa Invasive (Wang et al. 2023)
Achavida Acavus phoenix (L. Pfeiffer, 1854) ° Plants, lithophytic ~ Sri Lanka Invasive (Rodrigo and Manamendra-Arachchi 2020)
Gastrodontidae  Perpolita hammonis (Strom, 1765) ° Plants, lithophytic ~ North America Invasive (Sanchez et al. 2021)
Viviparidae Viviparus viviparus (Linnaeus, 1758) e Plants, lithophytic  East Russia Invasive (David et al. 2020)
Viviparidae Cipangopaludina chinensis (J.E.Gray, 1833) e Plants, lithophytic  Indonesia, China Native (Edgar et al. 2022)
Littorinidae Littorina littorea (Linnaeus, 1758) e Mud Russia Invasive (Moisez et al. 2020)
Viviparidae Viviparus glacialis (S.V. Wood, 1872) e Plants United Kingdom Invasive (David et al. 2020)
Enidae Zebrina detrita (O.F. Muller, 1774) e Lithophytic, mud  European Invasive (Kalcheva et al. 2020)
Pachychilidae  Brotia costula (Rafinesque, 1833) ° Lithophytic Southeast Asia Invasive (Gurumayum 2023)
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Figure 3. Various species of gastropods found in the upper Bengawan Solo River, Central Java, Indonesia: A. Pomacea canaliculata, B.
Viviparus intertextus, C. Pila ampullacea, D. Acavus phoenix, E. Viviparus glacialis, F. Achatina immaculata, G. Filopaludina
javanica, H. Cipangopaludina chinensis, I. Viviparus viviparus, J. Littorina littorea, K. Perpolita hammonis, L. Pila scutata, M. Tarebia
granifera, N. Faunus ater, O. Sulcospira testudinaria, P. Melanoides tuberculata, Q. Zebrina detrita, R. Sermyla riquetii, S.
Semisulcospira libertina, T. Stenomelania denisoniensis, U. Limicolaria flammea, V. Stenomelania punctata, W. Brotia costula

Stenomelania denisoniensis and S. punctata can survive
at 20-38°C (Negus et al. 2021); it is often found in dense or
sandy mud. However, based on their distribution,
Stenomelania gastropods are distributed by sea from India
to East Asia Island (Apiraksena et al. 2020). Different with
T. granifera, this species is native species (Negus et al.
2021). Semisulcospira libertina has similarities with other
species, such as S. denisoniensis. The shell structure is
rough-patterned, small, brownish, mixed with greenish and
black, and does not have a sharp shell on top. This species
can live at 20-38°C in freshwater like rivers. Regarding
benefits, the industrial sector often uses it to determine
water pollution (Sano et al. 2022).

Melanoides tuberculata of Thiaridae family and B.
costula of Pachychilidae family, can survive at 20-38°C
(Nguyen et al. 2021). Melanoides tuberculata and B.
costula are similar in size, which is long like a trumpet and
green in color mixed with brown and black; but their
structure is different. Melanoides tuberculata has a smooth
shell and B. costula has a rough shell. Its benefits are often
used as a source of animal protein (Oktavia et al. 2022).
Achatina immaculata and L. flammea have similarities but

differ in the shells' color. The color of A. immaculata is
brownish mixed with green, and L. flammea has a black,
brownish color mixed with white. Both species live in
aquatic habitats with lithophytic substrates and plants. On
the other hand, it is often found on riverbanks with humid
environmental conditions and cold temperatures around 20-
38°C, like other gastropods (Ehigie et al. 2020; Bohata and
Patoka 2023). The main benefit of A. immaculata and L.
flammea is to provide additional nutrients for catfish
farming (Mainisa 2019).

Acavus phoenix can live in water and on land (Salvador
2022). Its color is brownish mixed with white, and it has a
similar shell to V. intertextus. The species is invasive but
does not negatively affect other species. Viviparus
viviparus and V. glacialis are snails living in freshwater
waters and can survive with other species of gastropods
from 20 to 38°C (Aini et al. 2020). Both species belong to
the Viviparidae family of lithophytic substrates or plants.
There are such differences, i.e. V. viviparus is brownish
and blackish, while V. glacialis is white. Based on their
habitat, they are included in the aquatic category (Preece et
al. 2020). Cipangopaludina chinensis has a bright brownish
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shell color when exposed to sunlight; the species is often
found on riverbanks with lithophytic substrates or plants to
find food and lay eggs (Kingsbury et al. 2020). The shell of
this species are often used for accessories (Sundalian et al.
2022). Faunus ater has a trumpet-like shell shape with a
brownish color and live under the temperature of 20-38°C
(Kurniawati et al. 2023). Faunus ater existence is rare, the
species is only found in many sandy, rocky, and muddy
places (Dewi et al. 2022).

Pila ampullacea has a flat but pointed shell shape with
brown and blackish colors (Ng et al. 2020). It has positive
properties, such as protein, calcium, etc., so the
surrounding community often uses it for consumption to
increase the immune system (Puspitasari et al. 2022). Pila
scutata has the same color as P. ampullacea, but the
structure of the shell tip is pointed. The species is native
and does not cause harm to other species (Ng et al. 2020).
Pila scutata is used as a bioindicator of water pollution
(Prasetia et al. 2022). Z. detrita is a species with a small
shell size, a blunt tip, and a brownish caramel color. The
species' habitat is in the substrate of plants or mud. The
temperature for survival are 20-38°C (Kalcheva et al.
2020). It can be used as accessories for bracelets,
necklaces, etc. (Sundalian et al. 2022). P. hammonis is very
difficult to find on the Bengawan Solo riverbanks because
they likes lithophytic substrates in hard holes, such as
concrete, on the banks of the river in humid conditions. The
species live in the temperature of 20-38°C and they are
often used to add nutrients to fish food (Makarchuk et al.
2020).

Invasive species of gastropods

As presented in Table 2, there were several gastropod
species found in the upper Bengawan Solo River
considered as invasive, including T. granifera, S.
testudinaria, F. ater, A. immaculata, P. canaliculata, S.
riquetii, L. flammea, L. littorea, P. hammonis, V. glacialis,
V. viviparus, V. intertextus, S. libertina, B. costula, Z.
detrita, and M. tuberculata. Some invasive species poses
threat to native species, but some others are not (Kirk et al.
2020). The invasive gastropods originated from Southeast
Asia, Japan, the American Continent, the European
Continent, Middle East Asia, and the United Kingdom.
Native gastropods are similar to those in other countries,
including S. testudinaria, F. javanica, S. punctata, S.
denisoniensis, Perpolita harmonis, L. littorea, P. scutata,
P. ampullacea, and C. chinensis (Veeravechsukij et al.
2018; Sawada et al. 2020; Lailiyah et al. 2021; Nguyen et
al. 2021; Gusna et al. 2022).

The spread of invasive alien species can harm native
species when living in their new habitat due to competition
for food (Veeravechsukij et al. 2018; Nguyen et al. 2021;
Gusna et al. 2022), causing an imbalance in the ecosystem
and affecting the numbers and types of benthic community
structures (Raiba et al. 2022). P. hammonis is included as
invasive species and prefers to live on plant stems (Sanchez
et al. 2021). According to Yin et al. (2022), alien
gastropods can produce eggs if they can adapt to their new
habitat that supports their living, such as water quality,
temperature, humidity, and turbidity. T. granifera and F.

ater are invasive species originated from Africa and the
Philippines and have some distribution in the Pacific
Islands (Gusna et al. 2022). T. granifera and S. testudinaria
easily reproduce by producing many eggs to be carried by
ships or birds when looking a food, but T. granifera will
more easily dominate in its new habitat (Yakovenko et al.
2018; Lentge-Maal} et al. 2021). F. ater differs from the
other two species because it is difficult to adapt, and
produced very few eggs (Dewi et al. 2022). T. granifera are
dangerous because they on omnivorous species (Komatsu
and Saeki 2022) which might act as the highest predators at
trophic level (Aryzegovina et al. 2022), indirectly
endangering other native species.

Pomacea canaliculata is considered as invasive (Qin et
al. 2020). Pomacea canaliculata originated from South
America, and was brought to Indonesia due to its benefits
as a bioindicator (Qin et al. 2020). This species is
considered invasive and can easily produce eggs, even
though not as many as T. granifera; although, P.
canaliculata is very difficult to find at some stations.
Semisulcospira is a species native to Central Asia and is
found in southern China and Japan and is considered as
invasive although it do not harm other native species
because it is a food source for fish (Sawada et al. 2020).
This species can easily be found in 22.5°C waters with
abundant foodstuffs such as plankton, detritus, and
chemoautotrophic bacteria (Morita et al. 2024).

Melanoides tuberculata is an invasive which is easily
found in various places where habitat conditions have a lot
of algae resources (Ouedraogo et al. 2023). Sulcospira
testudinaria is easy to find because it can produce many
eggs, and the species easily adapts to the new environment
(Du and Yang 2019). According to Wahyuningsih and
Umam (2022), gastropod species can easily adapt because
they tolerate polluted waters. V. intertextus is an invasive
species (Arias et al. 2020) originated from the Asian
continent and then moved to the American continent
through sea transportation, humans, etc. (David et al.
2020). Some efforts that can be made against invasive alien
species are mechanical, chemical, and biological controls
(Syafei and Sudinno 2018). Therefore, if treatment efforts
are not made and it indirectly enters Asia, this species can
potentially endanger other native gastropods.

While there were several alien invasive species, there
were native species of gastropods found in the upper
Bengawan Solo River including P. scutata, P. ampullacea,
S. testudinaria, F. javanica, S. punctata, S. denisoniensis,
C. chinensis and A. phoenix. Research by Edgar et al.
(2022) stated that C. chinensis is native species under the
Viviparidae mollusca. F. javanica is a native gastropod
with a small number that is difficult to find (Maldonado
and Martin 2019). Pila scutata and P. ampullacea are
native (Marwoto et al. 2020) which can produce hundreds
of eggs laid in groups, stored above the water surface in
moist soil, and protected by plant litters (Suartini and
Sudatri 2021). S. denisoniensis and S. punctata are not
considered harmful or invasive species (Willan and
Kessner 2021). However, S. punctata was originally similar
to invasive alien species such as M. tuberculata (Isnaingsih
et al. 2021). Both species are often found in riverine areas
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with sandy conditions or small pebbles (Harding et al.
2019).

Diversity index

The Shannon-Wiener diversity index is shown in Figure
4. Shannon-Wiener diversity index shows the ecological
stability of a habitat indicated by the species number found
in a community; if the number of species in a community is
high, it can be said that the habitat is in good condition
(Ulmaula et al. 2016). Conversely, if the species diversity
is low, it can be ascertained that the species occupying the
habitat cannot live properly. There were 9 species at station
1 in Wonogiri with a Shannon index value of 1.66, while
station 2 in Sukoharjo, there were 9 species with a Shannon
index of 1.79, station 3 in Surakarta with 10 species and
Shannon index of 2.08, station 4 in Karanganyar with 5
species and Shannon index of 1.39 and station 5 in Sragen
with 12 species and Shannon index of 2.10.

The upper Bengawan Solo River has substrate
characteristics of mostly fine sand and mud (Tyas and
Widiyanto 2015) while gastropods mostly live in coarse
sand or mud sediments. Most gastropods found along the
river had several similarities, so the substrate occupied by
these gastropods was almost the same. However, when the
rainfall is high, and the water level increases, many
gastropods attached to the riverbank are flooded, but most
are still alive. The Shannon-Wiener diversity index can be
used to compare difference in species diversity among sites
(Putra et al. 2015). The high diversity index at station 5 in
Sragen, with an index value of 2.10, is because this site was
abundant in nutrients, had suitable substrates for various
species, and suitable temperatures, so that many species
can adapt well. Diversity index also indicates water quality
in the habitat. This high diversity is also supported by data
from BBWS (Balai Besar Wilayah Sungai) in November
2023, showing that the Sragen station produced a
Dissolved Oxygen (DO) value of 6.3 mg/L and a BOD of
1.6 mg/L. That shows the dissolved oxygen is high and the
BOD content is low, so the gastropod diversity is high.
This follows Ayu et al. (2015) that the lower the BOD
levels and the higher the dissolved oxygen levels in the
water, the better for gastropod respiration, resulting in the
higher the gastropod diversity. The higher the species
diversity, the better the water quality, and vice versa
(Prabandini et al. 2021), and the symbiosis created among
species also affects the high diversity of species in a habitat
(Muhammad 2020).

Meanwhile, the lowest value of the Shannon diversity
index was at station 4 in Karanganyar with a value of 1.39.
Only 5 species were found at this station, indicating that
some species cannot adapt quickly or move to more
suitable habitats, reducing biodiversity. Based on data from
BBWS in November 2023, it was found that the Dissolved
Oxygen (DO) value at Karanganyar station was 1 mg/L,
and the BOD was 2.1 mg/L, which shows that the DO is
low, but the BOD content is higher than the Sragen station,
so the gastropod diversity is low. According to Farid et al.
(2023), higher BOD content indicates a lack of dissolved
oxygen in the water, which will impact the diversity of
gastropods. In addition, the soil structure and substrate in

Karanganyar are physically unsuitable for gastropods,
namely dry and coarse sand, so only certain species can
survive in this habitat.

The presence of gastropod species in a water body
cannot be assumed that the high diversity of gastropod
species in an area will indicate its water quality. The
presence of gastropod species does not necessarily indicate
that a water body has water quality above the standard
quality (Nadaa et al. 2021). Other factors, including the
composition of native and invasive species in a habitat
eventually leads to invasive species dominating the habitat
and reducing the diversity of native species (Partaya and
Setiati 2022). In addition, there is a lack of vital resources
such as water quality, food intake for gastropods, and
unsuitable reproduction sites for the species (Lasari and
Harahap 2022).

Dominance index

The dominance index describes a species' dominance
over other species in an ecosystem community. The higher
the dominance index value of a species, an ecosystem is
dominated by certain species, vice versa if the dominance
index value is low, the community is evenly composed by
various species (Nahlunnisa et al. 2016). According to
Ridwan et al. (2016), dominance is expressed as the species
richness of a community and the balance of the number of
individuals of each species found. The dominance index of
<0.5 means that almost no species dominates (low), while
the index of more than 0.5 and less than 1 means high
dominance index. The dominance index in this study is
included in the low category, suggesting that almost no
species dominated at each observation station (Figure 4).
Overall, the dominance index across all stations was 0.2
where at station 1 (Wonogiri) the index was 0.24, station 2
(Sukoharjo) was 0.21, station 3 (Surakarta) was 0.14,
station 4 (Karanganyar) was 0.28, station 5 (Sragen) was
0.14.

Station 1 in Wonogiri had a sandy substrate. In addition
to being easily carried by water currents and experiencing
dryness when the low tide periods, gastropods will choose
a habitat that is easy to use as a place to live due to the
adaptability to stick to rocky substrates in tidal areas.
Certain gastropod species can only achieve those survival
abilities, which will affect dominance parameters (Beni et
al. 2020). Station 2 composed with a lot of grass, causing
gastropod diversity to be higher than that at stations 1 and 4
and the dominance at this station was also higher when
compared to stations 3 and 5. This indicates that some
gastropods eat grass, rice, and other weeds; hence, the
amount of weed distribution around affects the intensity of
gastropods found (Awang et al. 2023). The highest
dominance value was found at station 4 in Karanganyar
due to the presence of muddy substrate and a lot of grass,
which are favorable by fewer gastropods (Abubakar et al.
2018).

Station 3 in Surakarta had a fine sandy substrate and
was muddy. The dominance shown at station 3 was lower
when compared to other stations and the diversity level is
high. Similarly, station 5 had dominance index lower than
other stations. According to Hulopi et al. (2022), the
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dominance index that is close to 0 and is included in the
low category indicates that there is no dominance of certain
species of gastropods or that the community is in a stable
state. Station 5 had the highest diversity index and lowest
dominance compared to other stations, except for station 3.
This result indicates that Sragen has a good substrate,
namely rocky, muddy sand, and grass, that can support the
vegetation and breeding of gastropods (Parorrongan et al.
2018).

The main factors affecting the number of organisms,
species diversity, and dominance include the destruction of
natural habitats, such as land conversion, chemical and
organic pollution, and climate change (Mardi et al. 2019).
Therefore, compared to the other stations, station 5 in
Sragen had the lowest dominance index along with station
3 due to the low organic content of the substrate, so only
certain gastropods can survive. Stations 3 and 5 had a
mixed substrate of sandy mud, allowing carnivorous,
detritus-eating scavenger gastropods to be found.
Meanwhile, herbivorous or algae-eating gastropods will
likely be found very little along Bengawan Solo. Algae-
eating gastropods can only be found in areas with rocky
substrates (Gea et al. 2019). In addition, residential areas
far from the river basin make this river able to maintain
abiotic factors suitable for the life of biota, especially
gastropods.

Figure 4 shows that stations with high Shannon-Wiener
diversity index values tend to have lower Simpson's
dominance index. For example, Stations 3 and 5 had high
diversity values (2.08 and 2.15) but low dominance values
(0.14 and 0.14), respectively. This indicates a high variety
of species but low dominance of one or few particular

species. Conversely, stations with low Shannon-Wiener
diversity index values tend to have higher Simpson's
dominance index values (Nahlunnisa et al. 2016). Stations
1, 2, and 4 had lower Shannon-Wiener index values (1.79,
1.66, and 1.39) but higher dominance values (0.21, 0.24,
and 0.28). According to Partlova et al. (2020), the
Shannon-Wiener index measures the total diversity of
species, while Simpson's dominance index focuses on the
dominance of a particular species. Thus, there is an inverse
relationship between these two indices at the study stations;
the higher diversity (Shannon-Wiener index), the lower
dominance (Simpson index), and vice versa. Ashton and
Macintosh (2002) explain that the high dominance of one
species may indicate a stressful environment, while higher
diversity indicates stable conditions in the ecosystem. Inter-
species competition is among the most influential factors;
therefore, a species dominating a particular environment
can reduce overall diversity. Furthermore, the presence of
invasive species can alter ecosystem dynamics, reducing
diversity by displacing native species and increasing the
dominance of certain species (Borden and Flory 2021)

Gastropods density

Gastropod density indicates the number of individuals
living in a certain habitat, area, and time (Persulessy and
Arini 2018). Irawan (2008) stated that the density value is a
parameter of the quality of a habitat; a high-density value
indicates that the habitat is very suitable for the life of
organisms. This indicates that a large number of organisms
can occupy the habitat. The density index is shown in
Table 3 and Figure 4.

Table 3. Gastropod species density index in the upper Bengawan Solo River, Central Java, Indonesia

Speci Stations

pecies names 1 5 3 1 5
Tarebia granifera (Lamarck, 1816) 5.13 1.88 0.05 1.23 0.63
Pomacea canaliculata (Lamarck, 1822) 0.16 0.12 0.11 0.93 1.22
Semisulcospira libertina (A. Gould, 1859) 0.92 0.67 2.63

Melanoides tuberculata (O.F. Muller, 1774) 1.36 0.56 0.92 0.31
Filopaludina javanica (Busch, 1844) 0.36 0.07 0.22 0.26
Sulcospira testudinaria (Busch, 1842) 3.87 1.11 0.43 0.97
Stenomelania punctata (Lamarck, 1822) 0.35

Stenomelania denisoniensis (Brot, 1877) 0.27

Viviparus intertextus (Say, 1829) 0.25

Sermyla riquetii (Grateloup, 1840) 1.33

Pila scutata (Mousson, 1848) 0.23

Pila ampullacea (Linnaeus, 1758) 0.08 0.27
Faunus ater (Linnaeus, 1758) 0.6

Limicolaria flammea (O.F. Muller 1774) 0.12

Achatina immaculata (Lamarck, 1822) 0.1 0.25 0.08
Acavus phoenix (L. Pfeiffer, 1854) 0.3

Segmentina nitida (Strom, 1765) 0.18

Viviparus viviparus (Linnaeus, 1758) 1.46
Cipangopaludina chinensis (J.E.Gray, 1833) 0.05
Littorina litorea (Linnaeus, 1758) 0.26
Viviparus glacialis (S.V. Wood, 1872) 0.45
Zebrina detrita (O.F. Muller, 1774) 0.07
Brotia costula (Rafinesque, 1833) 0.4

Total 13.65 5.24 2.34 5.96 6.25
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Figure 4. Diversity index, dominance index, and density index of
gastropod species found in the upper Bengawan Solo River,

Central Java, Indonesia

Species with the highest density at station 1 were T.
granifera (5.13 ind./m?), S. testudinaria (3.87 ind./m?), M.
tuberculata (1.36 ind./m?) and S. riquetii (1.33 ind./m?).
Species with the highest density at station 2 were T.
granifera (1.88 ind./m?) and S. testudinaria (1.11 ind./m?).
The species with the highest density at station 3 was F. ater
(0.6 ind./m?). Species with the highest density at station 4
were S. libertina (2.63 ind./m?) and T. granifera (1.23
ind./m?). Species with the highest density at station 5 were
V. viviparus (1.46 ind./m?) and P. canaliculata (1.22
ind./m2).

Table 3 shows that among high-density species are
invasive alien species, namely T. granifera, S. testudinaria,
M. tuberculata, S. riquetii, S. libertina, F. ater, V.
viviparus, and P. canaliculata. The presence of invasive
gastropods will pose a significant potential threat to the
ecosystem. These invasive species accidentally enter and
live outside their native range. The dominance of invasive
alien species can pose a threat by disturbing the balance of
ecological system and can lead to the loss of local species,
so the existence of invasive alien species could threaten
aquatic biodiversity in Bengawan Solo River (Sirza et al.
2020). The presence of invasive gastropod species in rivers
will potentially threaten native gastropod species, destroy
the ecosystem, and threaten public health as well as
agriculture (Li et al. 2023). The spread of invasive alien
species is one of the significant threats to the biodiversity
of native aquatic fauna (Diagne et al. 2021). Invasive alien
gastropods have high reproduction ability which
threatening aquatic and terrestrial ecosystems (Jiang et al.
2022). Due to their high appetite, high reproductivity, and
dispersal ability, invasive gastropods can alter nutrient
balances and cause rapid changes in aquatic and terrestrial
ecosystem communities. Wittenberg and Cock (2001)
stated that invasive alien species also impose enormous
costs on the fisheries sector besides threatening
biodiversity. In addition, many invasive gastropods carry
bacteria and parasites that, when handled by humans with
bare hands or eaten, potentially pose a significant threat to
human health (Mazza et al. 2014). Therefore, prioritizing
monitoring and controlling invasive alien gastropods are
necessary in the Upper Bengawan Solo River.

Conservation strategies can be carried out to control
invasive alien species, such as developing appropriate
regulations and eradication methods appropriately
(Purnama et al. 2022b).

Figure 4 shows that stations 1, 2, and 4 had lower
diversity index values and higher dominance indices
compared to the other two stations. Concurrently, there
three stations had species with high-density values. The
number of species found in these stations was relatively
small compared to other two stations, resulting in the high
dominance index, where the greater the density value, the
greater the tendency of one species to dominate the
population (Gea et al. 2019). Stations 3 and 5, with higher
diversity index and lower dominance index, had more
species found, and species with the highest density did not
have a large gap with other species. According to Odum
(1994), a community has high species diversity if the
community is composed of many species with the same
abundance. Conversely, if the community is composed of
very few species, and if only a few species are dominant,
then the diversity is low.

In conclusion, there were 23 species from 9 families of
gastropods in the upper Bengawan Solo River including 16
invasive species and 7 native species. The diversity and
dominance of species among the five stations differed due
to differences in substrate types (such as sandy, muddy, or
rocky) and abiotic factors. The diversity of gastropods
found at all research stations was classified as moderate
(1.39-2.10) while the dominance index was in the low
category (0.14-0.28), indicating no dominant species.
Factors that influence both indices include habitat diversity,
environmental pressure, competition between species, the
presence of invasive species, predator-prey interactions,
diversity of nutrient sources, and land use and
environmental management. Some invasive gastropod
species such as T. granifera, S. testudinaria, M.
tuberculata, S. riquetii, S. libertina, F. ater, V. viviparus,
and P. canaliculata had high density compared to other
species. The high density of invasive alien gastropods can
pose a threat to the ecological integrity of aquatic
ecosystem in the upper Bengawan Solo River and might
lead to the loss of native species.
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