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Abstract. Biological information on Indonesian freshwater bivalves is scattered across publications. Thus,
to assemble comprehensive data on their diversity, origin, ecoregion distributions, and conservation
status, we conducted a meta-analysis of data from 521 scientific references published between 1838 and
early 2021. A total of 57 valid species of 119 freshwater bivalves were documented in the reference
sources, reflecting 4.8% of the world’'s freshwater bivalve species, with 29 (50.9%) being endemic
species. Lake Toba, Singkarak, Poso, Malili system river, Sentani, river of Indragiri, Kapuas, Digul and
Merauke are the endemicity hotspots of freshwater bivalve in Indonesia. The geographic distribution of
species diversity is discussed both in terms of bivalve characteristics and ancient rivers analysis, so it is
made that Indonesian’s freshwater bivalves were distributed across three ecoregions: 1) Sundaland,
comprising the main islands of Sumatra, Java, and Kalimantan (part of Borneo), dominated by the
Unionidae; 2) Wallacea, which comprises Sulawesi only, dominated by the Cyrenidae; and 3) the Sahul
region, which comprises only Papua and is a hotspot of the Hyriidae. Unfortunately, 43 (75.4%) of the
species recorded were not listed in the IUCN directory, and only 12 (21.1%) were recognized by the
Indonesian government as protected species. Research on freshwater bivalve species diversity and
conservation actions are urgently warranted; neglect of this ecologically and economically important
group could cause species declines, more species being categorized as historical species, and, at worst,
the unexpected extinction of species. In addition, adequate funding, solid research teams, research
continuity, and inter-institutional solid collaboration are needed to strengthen the conservation of
freshwater bivalve diversity in Indonesia.
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Introduction. Indonesia is an archipelagic country comprising 17,504 islands, of which
16,056 island names have been verified by the United Nations Group of Experts on
Geographical Names (CSRI 2017). It is renowned for its megadiversity of flora and fauna
and endemicity hotspots (Sunardi et al 2016). The Indonesian nation's many endemic
species include freshwater bivalve mollusks (von Rintelen & Glaubrecht 2006; Graf &
Cummings 2021) that inhabit the bottom in freshwater environments, such as lakes,
rivers, and ponds. This group is significant in maintaining the ecological balance of
freshwater ecosystems, particularly through their roles as agents of biofiltration, nutrient
extraction, oxygenation of sediment, and water-pollution bioindicators and substrate
providers for other organisms (Zieritz et al 2016). Despite occupying a wide range of
habitats, some freshwater bivalves are endangered (Lydeard et al 2004; Bogan 2008;
Strayer & Dudgeon 2010; Do et al 2019) because of the intersection of their habitat with
anthropogenic activity (Strayer & Dudgeon 2010; Lopes-Lima et al 2014, 2018), which is
compounded by a rapidly growing human population accompanied by social, economic
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and infrastructure development (Vorosmarty et al 2010; Lopes-Lima et al 2018). As
sessile organisms capable of movement but limited, bivalves can be directly influenced by
human activity (Lydeard et al 2004; B6hm et al 2020).

Studies of Indonesian freshwater bivalves (IFB) have been conducted for at least
183 years in efforts to provide information on the taxonomy and species description,
diversity, ecology, and the ecoregion of species (Lea 1838; von Rintelen & Glaubrecht
2006; Bespalaya et al 2020; Graf & Cummings 2021), to understand the natural balance
of freshwater ecosystems, as well as to provide information to determine the
conservation status of species (Bogan 2011, 2012a, 2012b; von Rintelen & Bogan 2012;
Lukman et al 2019; B6hm et al 2020). The data gathered from these studies have the
potential to benefit researchers, resource stakeholders, and environmentalists in
decision-making related to biodiversity conservation to prevent further species decrease
or even extinctions.

The ecoregion of a freshwater bivalve is interestingly discussed deeply because of
their incapability to cross the saltwater barriers and have a limited movement (B6hm et
al 2020). Naturally, the distribution of freshwater bivalves is determined by fish host
route delineation and geological history. The life cycle of most freshwater bivalves has
obligatory parasitic stadia - when they become glochidia larvae - attaching to gills, fins,
and body surface of fish for a certain period, and then detached from the fish (Reis et al
2014). The fish host facilitates larvae migration and the colonization of freshwater
bivalves to a new area under river linking (Labecka & Domagala 2018). It is well known
that Indonesia is an archipelagic country sandwiched between the Asian and Australian
Continent, forming two distinctive habitats. Hence, there are differences in opinion
regarding freshwater bivalve ecoregion in Indonesia; Sulawesi Island is a subject of
debate whether it is included in Asia ecoregion, Australasia ecoregion, or different
ecoregion. That opinion must be proven with geological history information. Ecoregion
delineation is a piece of important information for biodiversity and endemicity records
and conservation action.

The Indonesian government has given its attention to protecting the biodiversity
of freshwater fauna. They focused on the endangered species, including 12 freshwater
bivalves (Ubaidillah et al 2013), and modified the politics for protecting the endemicity
hotspots, especially in the Wallace area (CEPF 2014). Studies aimed at contributing to
the preservation of freshwater bivalves in their natural habitats have been undertaken by
countless researchers and institutions worldwide, including the International Union for
Conservation of Nature (IUCN), the Convention on International Trade in Endangered
Species of Wild Fauna and Flora (CITES), global bivalve projects, NGOs, and universities.
Nevertheless, an IUCN Red List conservation status assessment had either never been
attempted or could not be completed because of a lack of data on the species of the
order Unionoida, which includes the freshwater bivalves of Asia, including in Indonesia.
Hence, conservation status has yet to be determined for numerous species of IFB.

The published documents on this topic are variously focused on diversity and
endemicity, distribution, and conservation status (Marwoto 1987; von Rintelen &
Glaubrecht 2006; Affandi et al 2013; Tampa et al 2014; Bolotov et al 2016). Therefore,
we aimed to combine the available information on IFB into a coherent set of data related
to the general status and to specifically answer 1) how many species of IFB are there,
and what makes it challenging to estimate their diversity; 2) which ecoregion theory can
be best applied to IFB distributions, and 3) what are the conservation status and origin
(native or alien) of the species of IFB?

Material and Method

Data sources. Sources of information on IFB were collected from scientific search
engines available on the web of science, google scholar, research gate, scientific
database, museum collections, and Indonesian universities’ repository related to the
conservation of freshwater bivalves; the search was undertaken from July to October
2020. Search engine keywords used were the combination of [Indonesian* OR Sumatra*
OR Java* OR Kalimantan/Borneo* OR Sulawesi* OR Papua/West Papua] AND
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[freshwater* OR major lake (Toba, Maninjau, Singkarak, Sentarum, Poso, Towuti,
Matano, Sentani, Rawapening)* OR major river (Indragiri, Asahan, Berantas, Kapuas,
Citarum, Palu, Poso, Digul, Bian, Memberano, Merauke)* OR fishpond*] AND [bivalve*
OR mussel* OR clam* OR Cyrenidae* OR Unionidae* OR Hyriidae* OR Mytilidae* OR
Sphaeriidae* OR Mollusca*] AND [local names* OR kijing* OR kijing taiwan* OR
remis/pensi sungai* OR lokan* OR kerang] AND [origin* OR endemic* OR native* OR
alien*].

The data derived from scientific publications were divided into six groups or
sources: research papers, review papers, museum publications, book literature, online
scientific database, and museum collections records. Furthermore, the collected
references to scientific research papers used for historical species records in the
Indonesian aquatic environment were categorized into three groups based on publication
year: 1) historical species, if the species was found only in literature published in 2000 or
earlier and given that the study has ended; 2) new records if the species was found in
literature published between 2010 and 2020; or 3) existing species if the species was
studied in all three groups of published literature (i.e., up to and including 2000, 2001-
2010, and 2010-2020).

Validation of Indonesia freshwater bivalve taxonomic. IFB species data from all
selected references were collected and listed. The listed species were then confirmed in
the MUSSEL Project database (http://mussel-project.uwsp.edu) for mussels species,
Freshwater Animal Diversity Assessment [FADA] Project database
(http://fada.biodiversity.be), and Molluscabase (https://www.molluscabase.org/). The
species included in this review are restricted to those listed as valid names - recently of
taxonomy revision (Pfeiffer et al 2021) - in MUSSEL Project, FADA database, and
molluscabase website. These databases are updated regularly. Nonetheless, when a
species used in a scientific paper was mentioned as invalid or as a synonym name, the
currently valid name of that species was applied for this review. Valid species is an
accepted scientific name in the Mollusca database, i.e., MUSSEL Project, FADA database,
and molluscabase website.

The confirmed species were then grouped according to their origin status - as
endemic, native, or alien. Endemic species covered IFB that exist in a particular
geographic region, whether a large or small area, such as on the Continent, in a hotspot,
or on a single island. Native species are considered as species living within their natural
range, whether past or present, including areas that they can reach and occupy using
their natural dispersal systems. Alien species are considered species introduced outside
their normal distribution, typically through human activity. The origin (endemic, native,
and alien) for all species was confirmed following The MUSSEL Project’s online directory
(http://mussel-project.uwsp.edu) (Graf & Cummings 2021), museum records, and
research papers.

Conservation status was noted following the species assessments made by the
IUCN (https://www.iucnredlist.org, accessed September 2020) and/or according to the
Indonesian government’s priorities for the protection of endangered aquatic species. The
IUCN Red List is an international standard for biodiversity conservation and uses
information about population size, geographic range, rate of decline, and extinction
probability; it divides species into nine categories: Not Evaluated ‘NE’, Data Deficient ‘DD’,
Least Concern ‘LC’, Near Threatened ‘NT’, Vulnerable ‘VU’, Endangered ‘EN’, Critically
Endangered ‘CR’, Extinct in the Wild ‘EW’, or Extinct ‘EX’. The Government of Indonesia’s
priority list of endangered aquatic species, available in a book form (Ubaidillah et al
2013) in Indonesian, but with the translated title “Endangered Aquatic Biota in
Indonesia: Protection Priority”) was prepared by the Indonesian Institute of Science
(LIPI) and the Directorate for Conservation of Areas and Fish Species, Ministry of Marine
Affairs and Fisheries, Republic of Indonesia.

Data analysis and illustration. The data derived from the source references are
summarized in Table 4. Meta-analysis graph illustrations were plotted by RStudio open-
source software, following the codes available from Albert & Rizzo (2012); Chang (2013);
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and Long & Teetor (2019); and the distribution of freshwater bivalves, species diversity,
and endemicity hotspots were mapped using q-GIS open-source software.

Results

General description of the source references. References to information on the topic
of IFB are not vast, based on the search engines and online directories. A total of 414
source references record were found. Of these, 521 references were relevant to
taxonomy, endemicity, species diversity, distributions, and conservation status: 39
research papers, four review papers, five books, seven museum publications, four
scientific database websites, 12 IUCN conservation status publication and 450 museum
records collections. Five families of IFB were mentioned in these sources: Cyrenidae,
Unionidae, Hyriidae, Sphaeriidae, and Mytilidae, in the following proportions of the total
references: 37.7%, 44.3%, 11.5%, 5.5%, and 1%, respectively. The main islands of
Java and Sulawesi were the locations most studied, with either one mentioned in 24.1%
of the references; conversely, Sumatra, Kalimantan, and Papua were mentioned in
22.9%, 15.6%, and 13.3% of the total references (Figure 1a).
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Figure 1. (a) Proportion (%) of 55 published references excluded scientific database website and
conservation status publication and (b) 450 museum record collections in the meta-analysis of
Indonesian freshwater bivalves’ studies. MNHN) Museum National dHistoire Naturelle; UMMZ)

University of Michigan Museum of Zoology; SMF) Forschungsinstitut und Natur-Museum
Senckenberg; ZMA) Zoological Museum Amsterdam; USNM) National Museum of Natural History;
MZB) Museum Zoologicum Bogoriense; FMNH) Field Museum of Natural History; MCZ) Museum of

Comparative Zoology; ANSP) Academy of Natural Sciences of Drexel University, Philadelphia; ZMB)
Museum fur Naturkunde Berlin; AMS) Australian Museum, Sydney; BMNH) British Museum of
Natural History, London; NCSM) North Carolina State Museum of Natural Sciences; UF)
Florida Museum of Natural History; INHS) Illinois Natural History Survey; USM) America Museum of
Nature History; RMNH) National Museum of Natural History/Leiden museum/ZMA (new acquisition);
other family (Sphaeriidae and Mytilidae family).
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Global pattern of freshwater bivalve diversity. Globally, there are at least 1,200
recognized species of freshwater bivalves (Bogan 2013). However, a latter study
mentions 1,244 species (Lopes-Lima et al 2018), and the most recent study noted 958
valid species on the global Unionoida diversity (Graf & Cummings 2021). We have
recorded 119 species of IFB in works published between 1838 and early 2021 (Table 4).
Only 57 of IFB are valid species - another species as the synonym and taxonomic opinion
names - confirmed in the MUSSEL project and FADA, and it is reflecting 4.8% of global
freshwater bivalve diversity or 14.2% of the tropical Indo-Pacific ecoregion, minus seven
species of the Hyriidae and two species of Haasodonta (Unionidae) which are found only
in the Australasia ecoregion (Table 1).

Table 1
Number of freshwater bivalve species found in the Indonesian, tropical Indo-Pacific, and
Australasia ecoregions and worldwide, based on the present meta-analysis of literature
published between 1838 and 2020

. Indonesian species® Indo- Australasia .
Family Historical oW Existing  Total Pac'|f|c,;b) species® Worldwide®
record species

Cyrenidae 7 - 10 17 69 2 90
Hyriidae 4 - 3 7 - 25 109
Mytilidae - - 1 1 3 - 15
Sphaeriidae 3 2 1 6 30 25 226

Unionidae 3 2 21 26 217 2 679 (958%*)
Other families - - - - 18 - 125

Total species 17 4 36 57 337 54 1,244

Total families 4 2 5 5 10 4 17

Note: @ Numbers of species according to the data analysis, ® Numbers of species according to Lopes-Lima et al
(2018), *Recent study from Graf & Cummings (2021).

The five families of IFB recorded are the Unionidae (45.6%), Cyrenidae (29.8%),
Hyriidae (12.3%), Sphaeriidae (10.5%), and Mytilidae (1.8%) of the total species (Table
1; Table 4). The main islands of Kalimantan, Sumatra, and Java are home to 25 species
(43.9%), 23 species (40.4%), and 19 species (33.3%), respectively; these localities
constitute a hotspot of IFB species richness by each having > 15 species (Figure 2a). The
Cyrenidae dominates on Sulawesi, with 10 species out of a total of 17 IFB species found
there (Figure 2b). The Hyriidae, which dominates in the Australasia ecoregion, is
represented by only 7 species in Indonesia and exclusively in the Merauke, Bian, and
Digul Rivers of Papua (Figure 2d). The speciose Unionidae has become the dominant
family in Indonesia’s freshwaters, but particularly in western Sumatra (13 species), on
Java (11 species), and in the Kalimantan part of Borneo Island (16 species) (Figure 2c).

The IFB species were recorded from 15 natural lakes and nine large rivers.
However, no records were found for another 27 natural lakes and 21 large rivers (Table
2). The Kapuas River in the western part of Kalimantan is a hotspot of the Unionidae,
with 11 species recorded (including Lens lugens, Monodontina aeneola, Elongaria trompi;
Table 4; Figure 7). Lake Poso and The Malili lakes system in Sulawesi is a hotspot for the
Cyrenidae, with ten species recorded (including Corbicula loehensis, C. matannensis, C.
anomioides, C. possoensis, and C. linduensis are endemic species) (Djajasasmita 1975,
1977b; Glaubrecht et al 2007; Bogan 2013) (Figure 7; Table 4). These two families are
represented by the most species in Indonesia, and notably, 34% of the source references
in which either family is mentioned (but particularly the Cyrenidae) were old references,
published before 2000 (Figure 1; Table 4).
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Figure 2. Distribution of recorded Indonesian freshwater bivalves species, shown for (a)
all families combined, and by the family (b) Cyrenidae, (c) Unionidae, (d) Hyriidae, (e)
Sphaeriidae, and (f) Mytilidae.

Table 2
The list of names, natural lakes, and main rivers in Indonesia, indicates where Indonesian
freshwater bivalves have been recorded in the literature published in 1838-2020

Natural lake* Main river*
Record of IFB Record of IFB
1) Laut Tawar; 2) Toba; 3) Maninjau; 4) 1) Indragiri; 2) Berantas; 3) Kapuas; 4)
Singkarak; 5) Dibawah and Diatas; 6) Ranau; 7) Poso; 5) Palu; 6) Memberamo; 7) Digul; 8)
Sentarum; 8) Kakaban; 9) Tempe;10) 5 Lake in Bian; 9) Merauke.

Malili River system; 11) Poso; 12) Lindu; 15)
Yamur; 14) Sentani; 15) Rawa Pening.

Unrecord of IFB Unrecord of IFB
1) Aneuk Laot; 2) Kawar; 3) Kerinci; 4) Dendam 1) Jamboaye; 2) Asahan; 3) Barumun; 4)
Tak Sudah; 5) Tes; 6) Zamrud; 7) Sembuluh; 8) Rokan; 5) Kampar; 6) Batang Hari; 7)
Jempang; 9) Limboto; 10) Tondano; 11) Maot;  Musi; 8) Citarum; 9) Serayu; 10) Begawan
12) Rawa Aopa; 13) Tolire; 14) Ayamaru; 15) Solo; 11) Pembuang; 12) Barito; 13)
Anggi-gGiji; 16) Panian; 17) Rombebay; 18) Mahakam; 14) Kayan; 15) Pangka Jene;
Batur; 19) Bratan; 20) Satonda; 21) Segar 16) Lasolo; 17) Kalaena; 18) Kemundan;
Anak; 22) Rawa Taliwang; 23) Kalimutu; 24) 19) Torasi; 20) Baliem; 21) Lorentz;

Waibelen; 25) Rawa Danau; 26) Situ Bojong
Sari; 27) Ranu Grati

* Locations of natural lakes in Indonesia adapted from Nontji (2016) and locations of main rivers in Indonesia
adapted from GRI (2012).
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The origin of freshwater bivalves in Indonesia. Information about a species origin is
essential to decide the conservation priorities; this study grouped the IFB species as
endemic, native, or alien. According to the data locality from 216 references, 50.9% of
the IFB species are endemics (Figure 3a). The Unionidae is represented by 13 endemic
species, followed by the Cyrenidae (8 species), Hyriidae (4 species), and the Sphaeriidae
(4 species) (Table 4). None of the recorded species in the family Mytilidae is endemic to
Indonesia (Figure 3c). Sulawesi (7 species) and Kalimantan (9 species) appear to be
hotspots for species endemicity, followed by Papua (6 species), Sumatra (5 species), and
Java (2 species) (Figure 3b). The habitats of the endemic species are restricted to lakes
of Toba, Singkarak, Sentarum, Sentani, Poso, and five lakes of the Malili river system,
and rivers of Kapuas, Seriang, Batoe, Misool, Bian, and Merauke (Figure 6; Table 2).

(a) All species B Endemic species | Native species Alien species (n=)
Total specics |G 57
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Figure 3. Proportions and numbers of IFB species of different origins, (a) for all species
recorded, (b) on each of the main islands, and (c) for the five families recorded.

Seventeen species are native, or 29.8% of the total IFB species (Figure 3a). Their
distributions are mainly concentrated in Kalimantan with 12 species, followed by Sumatra,
Java, Sulawesi, and Papua, with 11, 11, 3, and 1 species, respectively (Figure 3b). A
broader range of habitats, covering rivers, lakes, ponds, and dams, is occupied by native
species as compared with the endemics. Alien species also contribute to IFB biodiversity.
Eleven alien species, or 20.9% of the total IFB species, are found in Indonesia’s
freshwaters (Figure 3a); these are species that variously originated from China, Australia,
Malaysia, Vietnam, the Philippines, Queensland, and Japan (Table 4).

Conservation status of freshwater bivalves in Indonesia. Most of the IFB species
are not listed (NL) in the IUCN Red List, amounting to 75.4% of the total species
recorded in Indonesia. Among the species evaluated, 50% are listed as LC, 29% as DD,
14% as NT, and 7% as EN (Figure 4a; Table 4). However, the Indonesian government
specifies only 12 IFB species (21.1%) for protection (Figure 4d). Among the Cyrenidae,
Corbicula loehensis and C. matanensis are listed as NT, and C. possoensis from Sulawesi
is listed as EN (Table 4).
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Figure 4. The proportions and numbers of IFB species by conservation status, shown in relation to
(a) species assessed by the IUCN, (b) their occurrence on the main islands of Indonesia, (c) by
family, and (d) species given priority protection by the Government of Indonesia. IUCN Red List

categories: EN, Endangered; NT, Near Threatened; LC, Least Concern; DD, Data Deficient; and NL,

Not Listed; and Indonesian protection categories: INPP, Species without priority protection by
Indonesian government; and IPP, species with priority protection by the Indonesian government.

Discussion

Diversity and taxonomy. The IFB is a relatively diverse group, totaling 57 valid species
from 119 recorded species, reflecting 4.8% of the world’s freshwater bivalve species
(Table 1, 4). Nevertheless, we suggest that the actual number may be higher,
considering that inventories have not been done in at least 28 natural lakes and 21 large
rivers, as listed in Table 4, C. Furthermore, a recent study by Clewing et al (2020)
indicated a potential new endemic species of Pisidium (Sphaeriidae) through
mitochondrial sequencing; the results showed that P. dammermani and Pisidium sp. 1l
are included in the clade of Sulawesi taxa. These newly recorded data have revealed that
the full diversity of IFB is still yet to be explored. We propose that greater attention from
Indonesian scientists and more research funding from the government are warranted. In
support of that assertion, the data show that 31.3% of IFB species are historical species
and are valid species based on characteristics of their shell morphology, anatomy, sperm
morphology, brooding process, and molecular phylogenetics (McMichael & Hiscock 1957;
Djajasasmita 1975, 1977a, 1977b). This historical species categorization (Figure 1; Table
1) makes it uncertain whether these species are still present or are extinct in Indonesia.

Furthermore, most of the authors on this topic in the scientific literature are not
Indonesian researchers but foreign (von Rintelen & Glaubrecht 2006; Bolotov et al 2016;
Bespalaya et al 2020; Clewing et al 2020). This has critical implications for IFB
conservation assessment, as the lack of support from local researchers and budget
constraints. A shortage of data on the biology and ecology of IFB species limits our
understanding of their diversity.

Morphological similarities among species are problematic for taxonomy and
confusing for species identification. One example of this problem is confusion in
distinguishing between Unionidae species in many regions due to the discrepancy
between morphology and phylogenetic knowledge (Zieritz et al 2016; Bespalaya et al
2020). Unionidae shell morphology is an unreliable character for identification due to its
phenotypic plasticity and morphological convergence (Pfeiffer et al 2018). Classification
of the genus Corbicula (Cyrenidae) is based on conchological characteristics (polymorphic
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shell color and morphology), which is complicated and challenging to distinguish (Komaru
et al 1998). A similar problem occurs with Corbicula fluminea, which is the most
successful alien invasive species in Asia, with massive populations found in Malaysia,
Thailand, The Philipines, Japan, Korea, Taiwan, and Hong Kong (Saul et al 2017; Eh Rak
et al 2018; CABI 2020). This species displays particular environmental ability; it also
exhibits a variety of color and morphological forms, intraspecific genetic diversity, quick
gonad maturation, and high fecundity (Gomes et al 2016). In addition, their successful
survival is because of their wide range of reproductive strategies, which involve either
gonochoristic or hermaphroditic sexual reproduction and ovoviviparity (Komaru et al
1997). Another peculiar characteristic of the genus Corbicula is their genetic
characteristics, such as polyploidy, androgenesis, and clonality (Komaru et al 1997;
Pigneur et al 2012). These characteristics help Corbicula to survive and compete for food
and habitat. Nonetheless, there is no scientific paper that confirmed its presence in
Indonesia, even though 17 out of 22 species found from the family of Cyrenidae came
from the genus of Corbicula (Table 4). Some studies have pointed out that some
Corbicula species have a phylogenetic affinity, such as the genetic and morphological
similarities between C. fluminea, C. javanica (Zoological Museum Berlin, accession no.
26.776; Glaubrecht et al 2003, 2007), C. gustaviana (Zoological Museum Berlin,
accession no. 51.797a,b; Djajasasmita 1975, 1977a, 1977b; Glaubrecht et al 2007), and
C. subplanata (Glaubrecht et al 2003; von Rintelen & Glaubrecht 2006). Unfortunately,
no recent studies were recorded, especially in molecular and taxonomy research, to
confirm the difference among these species.

An alien species belonging to the Unionidae, Sinanodonta woodiana, successfully
survived in Southeast Asia and the main islands of Indonesia (Figure 7; Table 4; Lopes-
Lima et al 2020); the invasive character of S. woodiana has been positively correlated
with anthropogenic impacts, such as organic pollution, and have a negative impact to the
native species for the food competition. This species has become perhaps the most
studied among freshwater bivalves, not only because of its southern range expansion
(Zieritz et al 2016) and as an invasive species (Bolotov et al 2016); it is also because of
its complex lifecycle and can produce a freshwater pearl. Recently, an experimental study
on pearl production on S. woodiana has been done by Rahayu et al (2013) and started
pearl produce in 2020 by the ‘Dunia Air Tawar’ division at Beautiful Indonesia of Mini Park
(TMII) and small farmers in Bogor and Jakarta, Indonesia. Moreover, this species existed
as a fish-host generalist — their glochidia larva can be attached to the surface body and
gills of various fish species such as carp, tilapia, and catfish (Hamidah 2012).
Furthermore, it has a wide habitat range, including a heavily modified and organic waste-
polluted ecosystem (Ferreira-Rodriguez et al 2019). Introduced from the subtropical
region of southeast China, S. woodiana has adapted to Indonesian freshwater
ecosystems despite differences in the environment and rapidly spread across altitude
from the sea level to the mountain (> 1500 m) in the many islands of Indonesia.
Nonetheless, there are no updated records about its distribution range since this species
was accidentally introduced to Indonesia in 1969, with silver carp and tilapia aquaculture
seeds introduced from Taiwan (Djajasasmita 1982).

Ecoregions occupied by Indonesian freshwater bivalves. Biogeography is a
fundamental discipline to reveal the origin and distribution of living things and is used to
guide basic biodiversity conservation (Hutama et al 2016). The ecoregions occupied by
IFB have long been an interesting topic because Indonesia is an archipelagic country
situated between the continents of Eurasia and Australia and so comprises two distinctive
bioregions. Our review revealed three different ideas about the ecoregions occupied by
IFB (Figure 5a-c) as follows: 1) they are divided between two global ecoregions
comprising the East Asia ecoregion (Sumatra, Java, and Kalimantan) and the
Australasian ecoregion (Papua only), while the Sulawesi and adjacent smaller islands do
not seem to have any freshwater mussel (Lopes-Lima et al 2018; Graf & Cummings
2021). This ecoregion opinion is divided based on a list of freshwater mussels of the
world; 2) they are divided between two major ecoregions comprising the Oriental
ecoregion (Sumatra, Java, and Kalimantan) and the Australasian ecoregion (covering
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Sulawesi and Papua) (Bogan 2008). This ecoregion opinion is divided based on a list of
freshwater bivalves worldwide; 3) they are divided between three ecoregions comprising
Sundaland (Sumatra, Java, and Kalimantan), Wallacea (Sulawesi, Nusa Tenggara, and
the Maluku Islands), and the Sahul region (Papua) (Wallace 1860; Huxley 1868;
Lydekker 1896). These ecoregions’ opinion is divided based on a global list of flora and
fauna and the history of geological processes.

Due to these different ideas, there is uncertainty in determining the ecoregions of
IFB, particularly for Sulawesi (Figure 5a-c), as it is debatable whether that island is part
of the Asia ecoregion (Lopes-Lima et al 2018; Graf & Cummings 2021), the Australasia
ecoregion (Bogan 2008), or a stand-alone ecoregion (Wallace 1860; Huxley 1868;
Lohman et al 2011; Lydekker 1896; Hutama et al 2016). However, the third ecoregion
idea is supported by Hutama et al (2016) and Lohman et al (2011) in determining the
biogeography of organisms in the freshwater ecosystems of the Indo-Australian islands.

Knowing the connectivity of the Indonesian islands in the Pleistocene Era might be
vital in determining the ecoregions of IFB because they are sessile - limited movement -
species as adults. Hence, their distribution depends on a fish host migration range during
the parasitic glochidia larvae phase. The fish host facilitates larvae migration and the
colonization of freshwater bivalves to a new habitat (Labecka & Domagala 2018). The
geological history of Indonesia from the Cenozoic Era ca. 15 million years ago becomes a
reference in determining the Indonesian ecoregion. The historical evidence shows that
Sundaland merged with the southeastern part of Eurasia, whereas the island of Papua
was once a part of the Australian Continent; the island of Sulawesi was once a part of
Borneo, the Philippine Sea Plate, and the Continent of Australia, and is now surrounded
by deep-sea trenches (Hall 1995; Voris 2000).
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Figure 5. Ecoregions of Indonesian freshwater bivalves, shown for (a) ecoregions adapted from
Graf & Cummings (2007): AS East Asia ecoregion, AU Australasia ecoregion, unrecorded data in
the Sulawesi Island; (b) ecoregions adapted from Bogan (2008): OL Oriental ecoregion, AU
Australasia ecoregion; (c) ecoregions adapted from Huxley (1868), Wallace (1860), and Lydekker
(1896): SL Sundaland, WL Wallacea, HL Sahul region; and (d) ancient river systems 150,000 years
ago (adapted from Voris (2000)): 1 Malacca Strait ancient river system, 2 Nort Sundas ancient
river system, 3 East Sundas ancient river system, and 4 Canpertaria ancient river system.
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In the Pleistocene Era (51-55 Ma), Indonesian freshwaters were interconnected
by the rivers of prehistory (Voris 2000; Woodruff 2010; Hutama et al 2016). According to
that theory, four rivers in prehistory connected Indonesian territories (Figure 5d): 1) the
Mallaca Strait ancient river system, which connected rivers in the northern part of
Sumatra with rivers in Malaysia; 2) the Nort Sunda ancient river system, which
connected the Kapuas River in the western part of Kalimantan and smaller rivers in the
central part of Sumatra; 3) the East Sunda ancient river system, which connected rivers
on Java (e.g., the Citarum, Brantas, and Begawan Solo rivers), the southern part of
Kalimantan (e.g., the Barito, Musi, and Batang Hari rivers), and the southern part of
Sumatra (e.g., the Lampung River); and 4) the Carpentaria ancient river system, which
connected the Merauke and Bian rivers in Papua with rivers in the southern part of
Australia. These rivers of prehistory were presumably once the habitat of IFB fish hosts,
thus forming the distributions of IFB in the present.

The meta-analysis showed evidence that there are 11 shared species of
freshwater bivalves in Sumatra, Java, and Kalimantan, with the Unionidae being
dominant (Table 4). Papua is dominated by Australian species of freshwater bivalves
(especially the Hyriidae and the genus Haasodonta of the family Unionidae). Sulawesi is a
single habitat and home of the Cyrenidae, which are concentrated in the ancient system
of Lake Poso and the five lakes of the Malili river system (von Rintelen & Glaubrecht
2006). Likewise, Sulawesi is considered as a single ecoregion for freshwater fish
distribution (Sunardi et al 2016). It has the highest degree of endemism, with 73 of 77
invertebrate species in Sulawesi being endemics (Wilson & Moss 1999). Accordingly, it is
logical to separate Sulawesi, disconnected from ancient river systems (Figure 5d) and
with high species endemicity, by considering it a stand-alone ecoregion for IFB.
Accordingly, the zonation of IFB ecoregions comprises three ecoregions: Sundaland,
Wallacea, and the Sahul region.

Endemicity hotspots. Indonesia has 29 endemic freshwater bivalves species (Figure
3a); each endemic species has its own ecoregion hotspots, which covers; Sundaland
(Sumatra, Java, and Kalimantan), Wallacean (Sulawesi), and the Sahul region (Papua).
Every ecoregion hotspot has its own specific habitats and species characteristics. The
Sundaland ecoregion hotspots (Figure 6, locations 1-4), which apart from the tropical
Indo-Pacific ecoregion, are dominated by endemic species belonging to the Unionidae,
which shares 8 endemic species that were found on Kalimantan (i.e., Caudiculatus
caudiculatus, Ctenodesma scheibeneri, C. borneensis, Elongaria trompi, Lens lugens,
Schepmania nieuwenhuisi, S. parcesculpta, and Discomya radulosa), including Corbicula
bitruncata from Cyrenidae (Table 4) and more precisely in the western part of Kalimantan
(such as in the Kapuas River and Lake Sentarum). Sumatra has two tectonic lakes that
are endemicity hotspots: Lake Toba, Indonesia’s largest lake, home to the endemic
Corbicula tobae, and Lake Singkarak, home to Lens peninsularis; Indragiri River is a
home for Prohyriopsis stolata, Pilsbryoconcha expressa, and Corbicula gustaviana; finally,
the Java is home to the endemic Afropisidium sundanum and Elongaria orientalis.

The Wallacea ecoregion is a hotspot for the endemic species belonging to the
Cyrenidae (i.e., Corbicula anomioides, C. linduensis C. loehensis, C. possoensis, C.
matannensis), including Odhneripisidium dammermani and a potential endemic species
Pisidium sp. from Sphaeriidae (Table 4; Clewing et al 2020), which consisted of seven
species recorded on Sulawesi (Figure 6, location 5). Sulawesi has become a center of
endemicity, attributable to its isolated ancient lakes that tectonically formed 1-2 billion
years ago and still endure, namely Lake Poso and the five interconnected lakes of the
Malili system - Matano, Mahalona, Towuti, Lontoa, and Masapi (von Rintelen & Glaubrecht
2006; von Rintelen et al 2007). Albrecht et al (2020a) and Sunardi et al (2016) stated
that Sulawesi has a lot of endemic bivalve species, of which 50 freshwater species are
found there, each with unique morphological characters, life histories, and distinct
adaptive capacities.

Conversely, the endemics in the Sahul region comprise 4 species from the
Hyriidae (i.e., Velesunio sentaniensis, Hyridella misoolensis, Virgus beccarianus,
Westralunio albertisi) and two species of Unionidae (Haasodonta fannyae and H.
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vanheurni) (Table 4), which are found primarily on the island of Papua - in the Merauke
and Bian rivers (Walker et al 2014; Graf & Cummings 2018, 2021), in Lake Sentani, and
on Misool River (Figure 6, locations 6-8). Species of the Hyriidae and Unionidae (genus
Haasodonta) are otherwise distributed mainly in the Australia ecoregion (Haas 1969;
Bogan 2013).

Figure 6. Eight endemicity hotspots of freshwater bivalves in Indonesia: (1) Lake Toba, (2) Lake
Singkarak, (3) Indragiri River, (4) Lake Sentarum and Kapuas River, (5) the five lakes of the Malili
system, (6) Lake Posso, (7) Lake Sentani, and (8) the Digul, Bian and Merauke rivers.

Priority threats on endangered species and Indonesian government effort for
conserving the biodiversity of freshwater bivalves. The freshwater ecosystems of
Indonesia are among 25 priority hotspots for world biodiversity conservation, particularly
the Sundaland and Wallacea hotspots (Myers et al 2000). Moreover, the ancient lakes on
Sulawesi are also considered a priority hotspot and have been studied about evolutionary
biology, environmental health, and conservation (Albrecht et al 2020a, b). The habitats in
these areas are threatened by human activities (von Rintelen et al 2012), habitat
fragmentation, land conversion, and pollution (Partasasmita et al 2015; Sunardi et al
2016), causing a decline in freshwater bivalve diversity. Another threat is the exploitation
of living bivalves as food sources, decorative materials, jewelry, and medicine (Osterling
et al 2010; Strayer & Dudgeon 2010), compounded by the unequal treatment to families
of bivalves, with most attention given to the Sphaeriidae and Unionidae.

Globally, six percent of the freshwater bivalve species in the world have been
declared extinct; of the 535 species of freshwater bivalves evaluated by the IUCN to date,
217 species are assessed as NT, VU, or EN, and 89 species are listed as DD (Ferreira-
Rodriguez et al 2019); 56.3% of the total 1,224 described species have not yet been
assessed (status NL) by the IUCN (Lopes-Lima et al 2018). While the available data on
IFB in the IUCN directory is limited, only 14 (24.6%) of the total IFB are found (Figure
4a). Reciprocally, the Indonesian government’s protection toward the freshwater bivalves
is even more inadequate, with only 12 species listed (or 21.1% of the total species
found) (Figure 4d; Table 4). The poor continuity of species records could indirectly harm
bivalve biodiversity and increase the number of historical species or even lead to the
extinction of species that currently require protection. Haasadonta fanyae and H.
vanheurni, endemic species to the Merauke and Bian rivers on Papua, are predicted to be
extinct because they have not been seen since 1956 (McMichael & Hiscock 1957), as well
as Discomya radulosa that is rarely seen in the museum collection and poorly known.
Only three endemic species, Corbicula possoensis, C. tobae, and Caudiculatus
caudiculatus, are considered as priority species for conservation. Simultaneously, there is
a massive trade of freshwater bivalves for consumption, including as food for human
consumption, the aquarium trade, and as ornaments, particularly in the Asian-Australian
region, including some species from Sulawesi (Ng et al 2016) and such trade can cause
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overfishing. This data is a fundamental note in IFB’s conservation because government
policy and regulation are parts of strengthening biodiversity conservation.

{a) Kalimantan (b) Sulawesi

(d) Sumatra

@ Family Cyrenidae %
A Family Hyriidae

| Family Unionidae

Figure 7. Map of species distribution of freshwater bivalves on the five main islands of Indonesia:
(a) Kalimantan (additionally, species with a wide distribution on the island are 1, 7, 21, 35, 49, 51,
57, 10, 11, 20), (b) Sulawesi (species with a wide distribution: 2, 7, 20), (c) Java (species with a
wide distribution: 7, 15, 17, 28, 29, 35, 42, 48, 50, 51, 52, 10, 20, and 32 on Flores Island), (d)
Sumatra (species with a wide distribution: 2, 7, 17, 30, 35, 48, 50, 51, 10, 20), and (e) Papua
(species with a wide distribution: 2, 17, 25, 27, 20). Species list: 1. Uniandra fulvaster, 2.
Prohyriopsis stolata, 3. Corbicula anomioides, 4. Corbicula australis, 5. Corbicula bitruncata, 6.
Corbicula gustaviana, 7. Corbicula javanica, 8. Corbicula linduensis, 9. Corbicula loehensis, 10.
Rectidens sumatrensis, 11. Simpsonella gracilis, 12. Corbicula matannensis, 13. Corbicula
moltkiana, 14. Corbicula possoensis, 15. Corbicula pulchella, 16. Corbicula pullata, 17. Corbicula
rivalis, 18. Corbicula subplanata, 19. Corbicula tobae, 20. Sinanodonta woodiana, 21. Geloina nitida,
22. Hyridella misoolensis, 23. Microdontia anodontaeformis, 24. Velesunio sentaniensis, 25.
Velesunio wilsonii, 26. Virgus beccarianus, 27. Westralunio albertisi, 28. Afropisidium javanum, 29.
Afropisidium sundanum, 30. Odhneripisidium sumatranum, 31. Odhneripisidium dammermani, 32.
Euglesa floresiana, 33. Pisidium sp. Il, 34. Caudiculatus caudiculatus, 35. Contradens contradens,
36. Lens lugens, 37. Sinanodonta lauta, 38. Lens semmelinki, 39. Ctenodesma borneensis, 40.
Ctenodesma scheibeneri, 41. Discomya radulosa, 42. Elongaria orientalis, 43. Elongaria trompi, 44.
Haasodonta fannyae, 45. Haasodonta vanheurni, 46. Hyriopsis velthuizeni, 47. Monodontina
aeneola, 48. Monodontina vondembuschiana, 49. Monodontina walpolei, 50. Physunio superbus, 51.
Physunio eximius, 52. Pilsbryoconcha carinifera, 53. Pilsbryoconcha exilis, 54. Pilsbryoconcha
expressa, 55. Schepmania parcesculpta, 56. Schepmania nieuwenhuisi, 57. Rectidens lingulatus.
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The Indonesian government has expressed a strong commitment to biodiversity
conservation. Indonesia has a proven record for contributing to the protection of wild
animals since 1931 (Sunardi et al 2016). Since then, the country has been an active
member of several international conservation conventions, such as the Convention on
Biological Diversity, CITES, and UNESCO’s Man and the Biosphere (MAB) Programme.
Some notable national conservation programs have also been undertaken, such as the
Biodiversity Action Plan for Indonesia (BAPI) in 1993, the Indonesian Biodiversity
Strategy and Action Plan (IBSAP) in 2003-2015, a plan for Integrated Lake Basin
Management (ILBM) in 2009, and government collaboration with international institutions
through the Critical Ecosystem Partnership Fund (CEPF) in 2013, which chose the
Wallacea hotspot (the Maluku, Lesser Sunda, and Sulawesi islands) to study and
document for its biodiversity (CEPF 2014; Sunardi et al 2016).

The efforts that the Indonesian government has made (i.e., issuing the regulation
on endangered and protected animals, international collaboration research, restoration of
lakes and rivers, and biodiversity conservation projects program) are not enough to get
Indonesia out of the biodiversity crisis. Many IFB species are now endangered as a direct
consequence of human activity, water pollution, and massive changes in land use, and
indirectly because of limited research and funding to support a unified database on
freshwater bivalves. Additionally, research sites are typically remote and relatively
inaccessible. Hence, adequate funds, competent research teams, research continuity, and
inter-institutional collaboration are greatly needed to actualize IFB conservation.

Future research needs. Additional studies could address a variety of research needs
regarding IFB: the scarcity of biological information (including morphology, physiology,
and genetics); the unrecorded species in potential hotspots (see Table 3); intermittent
research, which is proven by the high number of historical species (Figure 1); unstudied
populations and their locations; and phylogenetics as basic for settling species
identification, particularly in the families Unionidae (Zieritz et al 2016) and Cyrenidae
(Saul et al 2017). We suggest that removing obstructions to completing assessments will
help the coverage of species of IFB on the IUCN Red List (Figure 4a).

The study of evolutionary biology in the Cyrenidae is urgently needed, as some
species, particularly Corbicula javanica, C. subplanata, and C. gustaviana, show
phylogenetic similarity with C. fluminea, which is an invasive species so far not recorded
in Indonesia (CABI 2020), and the characters currently relied on for species
identifications are confusing. Morton (1986) reports that many Corbicula species are
found in Africa and Asia; however, most species designations are possible synonyms of C.
fluminea and C. fluminalis.

Life-history data are important to revealing the distributions and abundance of
freshwater bivalves in nature. Hence, future work could include studies on fecundity, age
at sexual maturity, cohorts, the metamorphosis of glochidia larvae, and determinations of
fish-hosts during the glochidia phase. This would include the life histories of alien species
and their impacts on native fauna.

Another challenge is to complete periodic assessments of species population
dynamics, which require a substantial amount of time and funds in the field. Possible
solutions are to employ molecular techniques such as e-DNA (Froufe et al 2016), use
trained volunteers to help with collecting species and recording population data,
undertake molecular research, and use remote-sensing methods, like side-scan sonar
surveys, such as to detect mussel-bed locations (Powers et al 2015; Mehler et al 2018).

Despite the significant role of invasive species and the economic trade of IFB,
scarce data are available about the exploitation of these animals in Indonesia (Ng et al
2016). Hence, record-keeping related to their exploitation (species, numbers, capture
tools, and locations) will be an essential contribution to conservation efforts and would
also add to assessments of species presently listed as NT or EN.
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Table 3
Future research needed for freshwater bivalve conservation

Categories Research priorities
Evolutionary Studies focusing on genetics (e-DNA), phylogeny, species boundaries, and
biology morphology and physiology in relation to evolution.
Population Studies focusing on population size and species distributions, which are
dynamics updated continuously, such as to record biometric properties of the shell

(length, width, thickness, and weight), cohort (age population) analysis,
recruitment (immigration and emigration), and community structures,
including exploitation impacts.
Life history Determinations of fecundity, age of sexual maturity, spawning periods,
and fish-host interactions (e.g., metamorphosis and specific host analysis)
through histological analysis and scanning electron microscopy (SEM).
Alien species Life-history data, biological data, direct-indirect mechanisms of the
ecological impact of alien species on native species, management, and
modeling the future impacts of alien species.
Inventories at Continuously inventory freshwater bivalve hotspots and sample the 28
potential hotspots natural lakes and 21 large rivers of Indonesia for which data are lacking
(see Table 2).
Conservation Special research for NT and EN species (e.g., Corbicula possoensis, C.
biology loehensis, and C. matannensis), biological assessments, habitat treatment,
the impact of external pressure and exploitation, and germplasm (e.g.,
genetic storage).

Conclusions. The present IFB species in their habitat are threatened because of habitat
destruction. Our meta-analysis of reference sources found 57 valid species of 119
recorded species of IFB, which amount to 4.8% of the world’s freshwater bivalve species,
with 29 (50.9%) being endemic species. IFB has been recorded in 15 natural lakes and 9
large rivers, distributing in three ecoregions: 1) Sundaland (comprising Sumatra, Java,
and Kalimantan), dominated by the family Unionidae; 2) Wallacea (Sulawesi only),
dominated by the family Cyrenidae; and 3) the Sahul region (Papua only), which is a
hotspot of species of Hyriidae. Unfortunately, no record data were yet available for
another 28 natural lakes and 21 large rivers spreading on the main island of Indonesia.
Lake Toba, Singkarak, Poso, Malili system river, Sentani, river of Indragiri, Kapuas, Digul
and Merauke are the endemicity hotspots of freshwater bivalve in Indonesia. The
conservation status of the total species recorded, 75.4%, was not listed in the IUCN
directory, which included 26 endemic species are found, and only 21.1% were protected
by the Indonesian government. However, additional studies of freshwater bivalve species
diversity are urgently needed, and conservation efforts are critical. A dearth of scientific
information could contribute to declines in IFB biodiversity, an increasing number of
species being categorized as historical species, and even the unexpected extinction of
species. Important topics for future research are evolutionary biology, population
dynamics, conservation biology, and inventories undertaken at potential hotspots as well
as in unsampled natural lakes and large rivers. This research is significant due to their
part of an international standard for biodiversity conservation action. Such studies must
necessarily be supported by funding, solid research teams, research continuity, and solid
inter-institutional collaboration.
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Table 4
List of Indonesia freshwater bivalve’s species recorded in works published between 1838 and early 2021, and their conservation, historical
and distribution status (localities outside Indonesia are given in parentheses)

. . . _ Cons. Hist. -
*
NO Family and species Locality Origin status  status Dist. References

Cyrenidae
1 Corbicula anomioides Bogan & Bouchet, 1998 Poso Lake E® NL Ex C [4]1, [6], [24],
[syn = Posostrea anomioides Bogan & Bouchet, 1998] [27], [28], [29]
2 Corbicula australis Deshayes, 1830 (Australia) A DD Hs S; P [1], [28]
[syn = Corbicula debilis Gould, 1850; = Corbicula faba Bullen, 1904; Memberamo River

= Cyrena australis Deshayes, 1830; = Cyrena nepeanensis Lesson, 1830;
= Corbicula angasi Prime, 1864; = Corbicula rivina Clessin, 1877; =
Corbicula sublaevigata E.A. Smith, 1882; = Corbicula desolata Tate, 1887;
= Corbicula nepeansis Prime, 1895; = Corbiculina aramita Iredale, 1943;
= Corbiculina maraubra Iredale, 1943; = Corbicula permena Iredale,
1943; = Corbiculina permena Iredale, 1943; = Corbiculina samara Iredale
1943; = Corbiculina subovalina Iredale, 1943]

3 Corbicula bitruncata Martens, 1908 Sangkurilang River E® NL Hs K [1], [7]1. [28]
4 Corbicula (s.s.) gustaviana Martens, 1900 Lake Atas, Lake Bawah, E® NL Hs S [1]1. [7]. [28]
Indragiri River
5 Corbicula (s.s.) javanica Mousson, 1849 Bogor, Sukabumi (West Java), N NL® Ex S; [1], [21, [5]1. [7]1.
[syn = Cyrena orientalis var. javanica Mousson, 1849; = Cyrena Kalimantan, Sulawesi J; [9], [21], [24],
orientalis Mousson, 1849; = Corbicula moussoni Deshayes, 1854; K; C [28], [46], [48],
Corbicula gracilis Prime, 1862; = Cyrena moussoniana Sowerby, 1878; [54]

= Corbicula sulcata Clessin, 1879; = Corbicula subrostrata Bullen, 1904;
= Corbicula ovalina Leschke, 1914]

6 Corbicula leana Prime, 1867 (Japan) A LC Ex S [30]
[syn = Corbicula pexata Reinhardt 1878; = Corbicula orthodonta Pilsbry, Lake Toba
1907]
7 Corbicula linduensis Bollinger, 1914 Palu River and Lake Lindu E™? NL® Ex C [1]1, [9]1. [11],
[syn = Corbicula moltkiana var. linduensis Bollinger 1914; = [24], [28], [33]
Corbicula lindoensis Djajasasmita, 1977]
8 Corbicula loehensis Kruimel, 1913 Lake Towuti E™ NT Ex C [11, [5]. [71,
[syn = Corbicula loensis Djajasasmita, 1977; = Corbicula subplanata [9], [10], [24],
Martens, 1879] [28], [29], [33],
[40]
9 Corbicula matannensis P. Sarasin & F. Sarasin, 1898 Lakes Matano, Mahalona, and E® NT Ex C [1], 51, [7]1. [°]1.
[syn = Corbicula mahalonensis Kruimel, 1913; = Corbicula Masapi, Lake 1Towuti [24], [28], [29],
towutensis Kruimel, 1913; = Corbicula matanennsis Hedtke et al, 2008] [33], [40]
10 Corbicula moltkiana Prime, 1878 Lakes Singkarak, Maninjau N DD® Ex S;C  [11, 51, [7], [9].
[syn = Corbicula sumaterana Clessin, 1887; = Corbicula gibba Martens, Tawar, Ranau, Bawah, and [11], [18], [19],
1897; Corbicula angulifera Martens, 1897; = Corbicula lacustris Martens, Riwi River. [25], [28], [33],
1897; = Corbicula moltkeana Schepman, 1880; = Corbcula verbecki Clessin, [37], [49], [50],
1887; = Corbicula trapezoidea Martens, 1897] [51]
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11 Corbicula possoensis P. Sarasin & F. Sarasin, 1898 Lake Posso E® EN® Ex [11, [31, [51, [6],
[71. [9]. [11],
[24], [28], [29],
[33]
12 Corbicula pulchella Mousson, 1849 Cikoja River, Curug luhur N NL Ex [1]1, [2], [28],
[syn = Cyrena pulchella Mousson, 1849] waterfall, West Java [54]

13 Corbicula pullata Philippi, 1850 Lake Sentarum N NL Hs [1], [7], [28],

[syn = Cyrena pullata Philippi, 1850; = Corbicula dayakorum lIssel, 1874; [48]
= Corbicula pisisdioides Clessi, 1887]

14 Corbicula rivalis Philippi, 1850 (Unrecirding of type locality) A? NL Hs [1]1, [2], [28],
[syn = Cyrena rivalis Philippin, 1850; = Corbicula lacunae Djajasasmita, [54]
1977; = Corbicula dayakorum lIssel, 1874; = Corbicula pisisdioides Clessi,

1887]
15 Corbicula celebensis Martens, 1897 Malili lake system, Lake N NL® Hs [11.[71.[11], [28]
Posso, Lake Tempe, Lake
Toba, Minlarang River,
Sulawesi River,
16 Corbicula tobae Martens, 1900 Lake Toba E® NL®@ Ex [11, [71. [11],
[16], [28], [30]
17 Corbicula tumida Deshayes, 1854 Sumatera N [1], [28]
Hyriidae
18 Alathyria pertexta Iredale 1934 (Australia) A NL Ex [35], [44]
[syn = Unio shuttleworthii I. Lea, 1856; = Quaesithyria wardi Iredale Merauke and Bian River
1943; = Alathyria pertexta magnifica McMichael & Hiscock, 1958; = Unio
angasi E.A. Smith, 1881; = Centralhyria wilsonii Iredale, 1934; =
Alathyria morti Iredale, 1943]
19 Hyridella misoolensis Schepman, 1897 West Papua in the Sorong, E® NL Hs(?) [81. [141. [28],
[syn = Unio misoolensis Schepmen, 1897; = Virgus lorentzi Schepmen, Digul river, Woru river [35], [43]
1919]
20 Microdontia anodontaeformis Tapparone Canefri, 1883 Lake Yamur, Digoel River, N NL Ex [8], [14], [28],
[syn = Unio anodontaeformis Tapparone Canefri, 1883; = Unio Tanah Merah River. [351, [42],
beauforti Bavay, 1908]
21 Velesunio Sentaniensis F. Haas, 1924 Lake Sentani, Memberamor E® NL Hs(?) [8], [14], [28],
[syn = Hyridella sentaniensis F. Haas, 1924] River [35]
22 Velesunio wilsonii I. Lea, 1859® (Australia) A NL Hs(?) [81, [14]1, [28],
[syn = Unio wilsonii I. Lea, 1859; = Centralhyria wilsonii caurina Merauke River [35], [44], [45]
Iredale, 1934; = Unio (Alasmodon) stuarti Adams & Angas, 1863; =
Diplodon bednalli Frierson, 1908; = Hyridella anodontaeformis R.I.
Johnson, 1948]
23 Virgus beccarianus Tapparone Canefri, 1883 Merauke River E® NL Hs(?) [81. [141. [28],
[syn = Unio (diplodon) beccarianus Tapparone Canefri, 1883; = Unio [35], [42]
(diplodon) mattirolii Tapparone Canefri, 1883]
24 Westralunio albertisi Clench, 1957 Papua E® NL Hs(?) [14], [35]
Mytilidae
25. Limnoperna fortune Dunker, 1857 A NL Ex [28], [39], [53]
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Sphaeriidae

26 Pisidium javanum van Benthem Jutting, 1931 Java N LC Hs J [2], [28], [32],
[syn = Pisidium (Afropisidium) javanum van Benthem Jutting, 1931; = [54]
Pisidium (Neopisidium) javanum van Benthem Jutting, 1931]
27 Pisidium (Afropisidium) sundanum Rensch, 1934 Java E® NL Hs J [21. [28], [54]
[syn = Pisidium sundanum Rensch, 1934; = Afropisidium sundanum
Rensch, 1934]
28 Pisidinium sumatranum von Martens, 1897 Sumatra N LC Ex S; [1], [28]
[syn = Odhneripisidium sumatranum von Martens, 1874] J; K
29 Euglesa floresiana B. Rensch, 1934 Flores Island E® NL Hs(?) J;P [21. [28], [32],
[syn = Pisidium floresianum B. Rensch, 1934; = Sphaerium javanum [54]
van B. Jutting, 1931]
30 Odhneripisidium dammermani Odhner, 1940 Lakes Towuti, Matano, and E® NL Ex C [28], [32]
[syn = Pisidium dammermani Odhner, 1940] Malahano
31 Pisidium sp. (1) Lakes Towuti, Matano, and E®W? NL Nw C [28], [32]
Malahano
Unionidae
32 Caudiculatus caudiculatus von Martens, 1867 Lake Seriang, Pulu Matjan E® NL®@ Ex K [11], [28]. [35],
[syn = Unio caudiculatus von Martens, 1867; = Unio infrarostratus River [47]
Schepman, 1896]
33 Lens contradens Lea, 1838 River of Indragiri, Kwala, N LC Ex S; [2], [13], [20],
[syn = Unio contradens Lea, 1838; = Unio javanus Lea, 1840; = Unio Pajacoma, Singkarak lake, J; K [28], [31], [35],
sumatrensis Lea, 1859; = Uniandra contradens Lea, 1838; = Unio Lampung (Sumatera), [45], [47], [48],
laticeps Martens, 1900; = Unio mutatus Mousson, 1849; = Unio Palimanan, Surabaya, ljikandi, [54], [55]
pajakomboensis Bullen, 1906; = Margaron (Unio) dimotus Lea, 1870; = Batam (Java) and Kalimantan
Trapezoideus peninsularius Simpson, 1900; = Contradens (Borneo)
contradens Lea, 1838; = Contradens peninsularis Simson, 1900]
34 Lens lugens Drouet & Chapter, 1892 Kapuas, Sebebroang river E® NL Ex K [8], [28], [35],
[syn = Unio fulvaster Drouet & Chapter, 1892; = Contradens fulvaster [55]
Drouet & Chapter, 1892; = Uniandra fulvaster Drouet & Chapter, 1892]
35 Lens semmelinki von Martens, 1891 Indragiri River, Tanah Laot, N DD Ex S; [8], [28], [35],
[syn = Unio semmelinki von Martens, 1891; = Uniandra semmelinki von Borneo J; K [38], [55]
Marten, 1891; = Contradens semmelinki]
36 Ctenodesma borneensis Issel, 1874 Lakes Seriang and Seberoang E® NL Ex K [81, [28]. [35].
[syn = Unio borneensis lIssel, 1874; = Unio plicatulus Lea, 1859; = [38], [45], [55]
Unio pensilatus Fischer & Crosse 1894; = Unio penisatus Simpson, 1900]
37 Ctenodesma scheibeneri Haas, 1927 Sampit, Batoe River, E® NL Ex K [81, [28]. [35].
Kampoeng Muara [38], [55]
38 Discomya radulosa Drouet & Chapter, 1892 Sebroang River, Muara Enim N NL Ex S; K [8], [28], [35]
[syn = Unio radulosus Drouet & Chapter, 1892; = Quadrula (Discomy)
radulosa var. rhomboidei Simpson, 1900]
39 Elongaria orientalis F. Haas, 1913 Fishpond in West Java, Leles E® NL Ex J [21. [8]. [13],

[syn = Unio orientalis Lea, 1840; = Unio productus Mousson, 1848; =
Unio bithycus Kobelt, 1893]

Lake, Berantas River,
Surabaya River

[17], [28]. [31],
[35], [47]1. [54].
[55]
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40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

Elongaria trompi Drouet & Chapter, 1892
[syn = Unio trompi Drouet & Chapter, 1892]
Haasodonta fannyae R.l. Johnson, 1948
[syn = Hyridella fannyae R.l. Johnson, 1948]
Haasodonta vanheurni McMichael & Hiscock, 1958

Hyriopsis velthuizeni Schepman, 1896
[syn = Unio velthuizeni Schepman, 1896]
Monodontina aeneola Drouet & Chapter, 1892
[syn = Pseudodon aeneolus Drouet & Chapter, 1892; = Pseudodon
(Cosmopseudodon) aeneolus Drouet & Chapter, 1892]
Monodontina vondembuschiana Lea, 1840
[syn = Alasmodonta vondembuschiana I. Lea, 1840; = Alasmodonta
crispata Mousson, 1849; = A. zollingeri Mousson, 1849; =
Monodontina buschiana Conrad, 1859; = Monocondyloea planulata Lea,
1859; = M. hageni Strubell, 1897; = Unio vonbuschea G.B. Sowerby II,
1866; = Microcondylaea hageni Strubell 1897; = Monocondyloea planulata
Lea, 1859; = Pseudodon vondembuschiana Lea, 1840]
Monodontina walpolei Hanley, 1871
[syn = Monocondylaea walpolei Hanley, 1871; = Pseudodon crassus
Drouet & Chapter, 1892; = Pseudodon walpolei Hanley, 1871]
Physunio superbus I. Lea, 1843
[syn = Unio superbus I. Lea, 1843; = Unio abnormis Morelet, 1862; =
Unio gravidus I. Lea, 1856; = Unio massini Morelet, 1864]
Physunio eximus I. Lea, 1856

Pilsbryoconcha carinifera Conrad, 1837
[syn = Anodonta carinifera Conrad, 1837; = Anodonta linguaeformis
Morelet, 1875; = Unio (Nodularia) gailardi Germain, 1909]
Pilsbryoconcha exilis I. Lea, 1838
[syn = Anodonta exilis I. Lea, 1838; = Anodonta sempervivens
Deshayes, 1876; = Monocondyloea compressa |. Lea, 1863]
Pilsbryoconcha expressa von Martens, 1900
[syn = Anodonta expressa von Martens, 1900]
Prohyriopsis stolata von Martens, 1900®"
[syn = Unio stolata von Martens, 1900; = Prohyriopsis stolatus von
Martens, 1900]
Rectidens sumatrensis Drouet & Chapter, 1892
[syn = Unio linguatus Drouet & Chapter, 1892; = Rectidens lingulatus
Drouet & Chapter, 1892; = Microcondylaea gracilis Strubell, 1897; = Unio
pressirostris Martens, 1900; = Unio palembangensis Strubell, 1897]

Schepmania nieuwenhuisi Schepman, 1898
[syn = Unio nieuwenhuisi Schepman, 1898; = Quadrula newenhuisi
Schepman, 1898; = Schepmania nieuwenhuisi Schepman, 1898; =

Kapuas River
Merauke River
Merauke River
Mandai River, Singkarak Lake
Sebreboang, Kapuas River
Lampung River, Lake

Maninjau, Lake Singkarak,
Java

(Sarawak, Malaysia)
Kapuas River, Lake Sentani

(New Holland, Australia)
Sumatra and Java

(Thailand)
Sumatra and Java
(Unrecording of type locality)
Java

Sumatra, Java, Kalimantan

Lake Baru and Indragiri River

Lake Baru, Indrigiri River, Aus
Dam

Batu Licin River, Benua
Lawas, Sebroang, Danau luar

Batu licin River, Benua Lawas,
Upper Mahakam River

E®
E™M

EM

N

A

E®

EW

E®

NL
NL
NL
NL

NL

LC®

NL

LCc®

NL®

NL

LC

NL

NL

NL

NL

Ex
Hs
Hs
Ex

Ex

Ex

Hs(?)

Ex

Ex

Ex

Ex

Ex

Ex

K

K

(81, [28], [35],
[38], [55]
(8], [14], [26],
[28], [35], [38]
(8], [14], [26],
[28], [35], [38]
(81, [28], [35],
[38], [55]
(81, [22], [28],
[35], [38]

[21. [8], [11],
[13]. [28], [31],
[351. [38], [45],
[471, [48], [54]

[81. [22], [28],
[35], [38]

(81, [11], [22],
[28], [35]. [55]

[2]. [11], [35],
[54]
[8]. [28], [35]

[8]. [2], [13],
[28], [31]. [35],
[47], [54]
[8]. [28], [35]

(81, [281, [35],
[38], [55]

[2]. [8], [11],
[13], [17], [22],
[23], [28], [31],
[35], [38]. [54],

[55]

[8]. [28], [35].
[38]
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Ptychorhynchus nieuwenhuisi Simpson, 1914]

55 Schepmania parcesculpta von Martens, 1903 Sangkurilang River, Gulleh E® NL Ex K [8], [28], [35],
[syn = Unio (Quadrula) nieuwenhuisi var. parcesculpta von Martens, Fluss [38]
1910]

56 Simpsonella gracilis I. Lea, 1851 (Philippines) A NL Ex K; C [81, [28], [35]

[syn = Anodonta gracilis I. Lea, 1851; = Anodonta crepera |. Lea, 1851; Kalimantan

= Anodonta subcrassa I. Lea, 1851; = Anodonta tenuis I. Lea, 1851]

57 Sinanodonta woodiana |. Lea, 1834 China A LC Ex S; [8], [11], [12],
[syn = Anodonta woodiana |I. Lea, 1834; = Symphynota woodiana I. J; [15], [22], [23],
Lea, 1834; = Sinanodonta gingyuani He & Zhuang, 2013; = Symphynota K; [28], [35], [36],
magnifica |. Lea, 1834; = Symphynota woodiana |. Lea, 1834] C; P [51], [52], [54]

* The species in bold is the species documented in the references.

Reference codes: [1] Djajasasmita (1977b); [2] van Bentehm Jutting (1950); [3] Siluba (1987); [4] Bogan & Bouchet (1998); [5] Glaubrecht et al (2003); [6] von Rintelen
& Glaubrecht (2006); [7] Glaubrecht et al (2007); [8] Graf & Cummings (2007); [9] Pigneur et al (2012); [10] Korniushin & Glaubrecth (2003); [11] Ubaidillah et al
(2013); [12] Rahayu et al (2013); [13] Affandi et al (2013); [14] Walker et al (2014); [15] Bolotov et al (2016); [16] Nontji (2016); [17] Affandi et al (2017); [18] Zeswita
et al (2017); [19] Lukman et al (2019); [20] Konopleva et al (2019); [21] Purnama et al (2019); [22] Bolotov et al (2016); [23] Lopes-Lima et al (2014); [24] Graf (2013);
[25] Lukman et al (2019); [26] Walker et al (2001); [27] Korniushin & Glaubrecht (2003); [28] Bogan (2013); [29] von Rintelen & Glaubrecht (2006); [30] Bespalaya et al
(2020); [31] Affandi et al (2013); [32] Clewing et al (2020); [33] Djajasasmita (1975); [34] Rahayu et al (2009); [35] Graf & Cummings (2021); [36] Tampa et al (2014);
[37] Marlina et al (2007); [38] Haas (1969); [39] Oliveira et al (2006); [40] Kruimel (1913); [41] Sarong et al (2015); [42] Tapparone Canefri (1883); [43] Schepman
(1897); [44] Iredale (1934); [45] Lea (1859); [46] Djajasasmita & Budiman (1984); [47] Pfeiffer et al (2021); [48] Mousson (1849); [49] Zeswita & Safitri (2015); [50]
Alif et al (2018); [51] Wahyuni et al (2015); [52] Padwa et al (2015); [53] Ricciardi (1998); [54] Marwoto et al (2020); [55] Pfeiffer et al (2021).

Origin status: N = native species; E = endemic species; A = alien species.

Endemicity hotspots: ¢ Sumatra (Glaubrecht et al 2003; Ubaidillah et al 2013); @ Lake Toba, Sumatra (Djajasasmita 1977b; Graf & Cummings 2021); ® Lake Posso,
Sulawesi (Glaubrecht et al 2003; von Rintelen & Glaubrecht (2006)); “ Malili lake system, Sulawesi (Djajasasmita 1977b; Glaubrecht et al 2003); ® Borneo (Graf &
Cummings 2021); © Papua (Walker et al 2014); (” Merauke River, Papua (Walker et al 2014); ® Java; © Flores Island.

Conservation status: IUCN Red List categories: NL = Not Listed; DD = Data Deficient; LC = Least Concern; NT = Near Threatened; EN = Endangered; ® Indonesian
conservation status according to the Government of Indonesia’s protection priorities for aquatic species (see Ubaidillah et al 2013).

Historical status: Hs = historical species are those mentioned in works published up to and including 2000; Ex = existing species are those mentioned in works of all
publication groups (i.e., up to 2000, 2010-2012, and 2010-2020); Nw = new records denote species mentioned in works published since 2010.

Distribution: S = Sumatra; J = Java; K = Kalimantan; C = Sulawesi; P = Papua.
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