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Abstract. Hasan V, Mamat NB, South J, Ottoni FP, Widodo MS, Arisandi P, Isroni W, Jerikho R, Samitra D, Fagih AR, Simanjuntak
CPH, Mukti AT. 2022, A checklist of native freshwater fish from Brantas River, East Java, Indonesia. Biodiversitas 23: 6031-6039. This
study aims to provide information on the freshwater fish species composition of the Brantas River, the second-largest river in Java,
Indonesia. All samples used in this study were the caught activities during Fish Resource Survey (form May 5, 2021 to August 20,
2022). Sampling was carried out in four stations of the Brantas River, representing upstream, the Karangkates Reservoir, mids tream, and
downstream. This work recorded 42 fish species divided into 35 genera and 21 families. Cyprinidae was the dominant family,
comprising 12 genera and 15 species. According to the TUCN Red List, most fish species inhabiting the Brantas River have a
conservation status of Least Concern (LC) or Data Deficient (DD), except for Rasbora lateristriata which is categorized as Vulnerable
(VU). Genera Tor and Neolissochilus are rarely found in Javanese waters. We suggest that the conservation status of these species
should be reviewed. Information on habitat use and ecological interactions of fish occurring in the Brantas River are needed urgently to
make appropriate conservation decisions and plans. Therefore, we suggest that more collections need to be carried out in the studied

river, as well as studies based on eDNA analysis and research incorporating both morphological and molecular data.
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INTRODUCTION

Western Indonesia (Borneo, Sumatra, and Java islands)
is one of the world's hotspots for freshwater fish (Kottelat
et al. 1993; Kottelat 2013). In these three main islands,
there are several rivers with varied topographies due to the
paleogeology of the region. Tropical islands are subject to
distinct speciation events as organisms adapt to specialized
and 1solated environments. Borneo (Kalimantan) 1s covered
by tropical rainforests drained by large rivers. Whereas
other localities have soft and acidic peat waters (black
waters) which usually comprise a high fish species richness
(Roberts 1989; Kottelat and Widjanarti 2005). Although
Sumatra has rivers that are not as large as in Borneo, the
fish species diversity is also very high, especially in rivers
that flow to the east coast (Kottelat and Tan 2009; Tan and
Kottelat 2009). Among these three main islands, Java is the
smallest. It also possesses a high species richness, however,
lower than Kalimantan and Sumatra. Given the
heterogeneity and complexity of tropical island freshwater
systems, it is essential to have a thorough understanding of

species trends and occurrences in Java since many endemic
and vulnerable species inhabit this island (Kottelat et al.
1993; Roberts 1993; Kottelat 2013).

The island of Java has high biodiversity, in not only
freshwater fish but other groups of species. However, Java
is the most populous island in the world, with ~141 million
people inhabiting it. Therefore, the natural environment
and resources are under substantial pressure from
anthropogenic sources. The island of Java consists of
limestone mountains that have many rivers that are used by
the community as a water source and for inland fisheries.
The fisheries are exploited by the communities along the
entire river basin, from the headwaters to the lower reaches
and estuarine zone. Some species are estuarine migrants,
which have adapted to low salt levels and can be found in
the lowest reaches of the rivers (Hasan et al. 2021b; Valen
et al. 2022a). These fish have long been used by the
communities that live near the river as a source of animal
protein (Pratama et al. 2020; Valen et al. 2022b), while
some are used for the aquarium trade (Gani et al. 2021;
Ndobe et al. 2022; Nurjirana et al. 2022). Rivers also
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provide socio-economic value as they are widely used as
water sources for domestic activities, tourism, agriculture,
and other economic activities (Hertika et al. 2021;
Nurhayati et al. 2021).

Western Indonesia, and especially Java, were the
subject of intensive freshwater fish taxonomical surveys in
the mid-19th century by European naturalists. Thus, there
is a well-established taxonomy and type material of fish
designated for the region (Kottelat 2013; Hasan et al.
2021¢). Nonetheless, some groups have complex and
cryptic diversity, and modern molecular methods will
facilitate further comprehensive taxonomic revisions.
Therefore, there is a high possibility of new fish species
descriptions for this island (Hubert et al. 2019; Hasan et al.
2021d). Taxonomical shortfall and undescribed diversity
pose an obstacle for conservation initiatives in stressed
environments.

One of the main rivers from the island of Java is the
Brantas River, located in East Java (Valen et al. 2020,
Widodo et al. 2020). Brantas River flows from the
Anjasmoro Mountains and then goes around the west of
Mount Kulud and Mount Welirang, then continues to flow
north towards the north coast of Java. The Brantas River
originates in Batu City, and then flows through the Malang
District, Blitar District, Tulungagung District, Kediri
District, Jombang District, and Mojokerto District (Arsad
et al. 2021; Rohman et al. 2022). The length of the Brantas
River is about 320 km with a basin area of about 1194.93
ha. This river is the second longest in Java, after Bengawan
Solo (600 km) (Hasan et al. 2022). The upstream condition
of the Brantas river is dominated by mountains with
springs flowing into the Karangkates Reservoir, then the
flow merges into the main river to the estuary. The Brantas
River is crucial for the community because it is the largest
supplier of raw water for the main district in East Java.

Like most western Asian river systems, the length of
the Brantas River is subject to high anthropogenic pressure,
including inland fisheries for human consumption. There is
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no recent data on the fish species assemblage of the Brantas
river. Fish inventories are essential baseline research for
conservation management as diversity patterns are an
indicator of ecosystem health and the data can be used to
mfer the impact of stressors (Pathak et al. 2014; Ismail et
al. 2018). This information is crucial for conservation
programs, such as domestication or the creation of fish
sanctuary sites and the development of sustainable inland
fisheries management policy to support socio-ecological
systems. The purpose of this research is, therefore, to
access the current status of the remaining native freshwater
fish assemblage of Brantas River.

MATERIALS AND METHODS

Study area

This study was carried out in four segmentation areas of
Brantas River, East Java, Indonesia, including upstream,
Karangkates Reservoir, midstream, and downstream. A
complete description of the sampling station is shown in
Figure 1 and Tables 1 and 2. These three locations
represent three different river ecosystems because they are
located in different topography.

Water quality

The water quality parameters temperature (°C), pH,
dissolved oxygen (ppm), and water flow (m/s) were
measured at each location immediately after specimen
collection. All water quality observations were carried out
using the same standard procedure by observing the lowest
point in the morning and the highest point in the afternoon
to determine the range of values. For each location, at least
two people are assisted in observing air quality. A
summary of the characteristics of each collecting site
Station is presented in tables 1 and 2.

Table 1. Coordinates, river segmentation, and description of the sampling sites

Station Coordinates River . Administrative Site description
segmentation area
1 7°46'40.3"S, 112°31'29.5"E Upstream Batu City Narrow, fast water flow, with rocky and sandy substrate
2 B°1021.1"S,112°28299"E  Karangkates Dam Malang District  Very wide, stagnant water flow, with sandy mud substrate
3 T7°39245"S,112°05'21.3"E Midstream Kediri District ~ Wide, slow water flow, with sandy mud subsirate
4 7°22039"§,112°3748.1"E  Downsiream Sidoarjo District Wide, slow water flow, with sandy mud subsirate

Table 2. Water parameters at each station

Parameters Equipment Station 1 Station 2 Station 3 Station 4 Reference (Boyd 2000)
Temperature (°C) Thermometer 22.25 26-29 2031 2032 28-32
pH pH meter 7.337 6.8-73 6.8-7.1 6.5-69 6.8-8.5
DO (ppm) DO meter 64-82 5155 6.0-6.9 5258 >4
water flow (m/s) Current meter 1.5-2.0 0.1-02 0.5-1.0 0.5-1.0 0.2-05
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Characterization of collection Stations
Station 1

Station 1 is an upstream area of the Brantas River, located
at Batu City (coordinates 7°4640.3"S, 112°31'29.5"E). The
Brantas River in this station is narrow, possessing a fast
water flow (ranging between 1.5-2.0 m/s) and rocky and
sandy substrate. Station 1 is characterized by a slightly
alkaline pH, high concentration of dissolved oxygen, in
general, a moderate water temperature although lower than
other Stations, and fast water flow (Tables 1 and 2).

Station 2

Station 2 is a Reservoir (Karangkates Reservoir) of the
Brantas River, located in Malang District (coordinates
8°10'21.1"S, 112°28'29.9"E). This station is very wide,
possessing a stagnant water flow (ranging between 0.1-0.2
m/s) with a sandy mud substrate. Station 2 had
approximately neutral pH and is characterized by the
lowest concentration of dissolved oxygen among the
Stations, although it 1s similar to Station 4 in this respect.
The water temperature was moderate, and the water flow
was stagnant (Tables 1 and 2).

Station 3

Station 3 is a midstream area of the Brantas River,
located m Kedirt District (coordinates 7°3924.5"S,
112°05'21.3"E). The Brantas River in this station is wide,
possessing a slow water flow (ranging between 0.5-1.0
m/s) with a sandy mud substrate. Station 3 possesses an
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approximately neutral pH, a moderate concentration of
dissolved oxygen, moderate water temperature, and a slow
water flow (Tables 1 and 2).

Station 4

Station 4 is a downstream area of the Brantas River,
located in Sidoarjo District (coordinates 7°22'03.9"S,
112°37'48.1"E). The Brantas River in this station i1s wide,
possessing a slow water flow (ranging between 0.5-1.0
m/s) with a sandy mud substrate. Station 4 is slightly acidic
in pH, with a low dissolved oxygen concentration - similar
to Station 2. The water temperature 1s moderate with slow
water flow (Tables 1 and 2).

Fish collection and species identification

The specimens were collected using cast nets (ca. 10
feet wide, mesh size 2.5 cm). Several specimens were also
obtained from traditional fishermen living in the sampling
location surroundings. All samples were identified based
on identification keys provided by Kottelat et al. (1993)
and Kottelat (2013). The validity, taxonomic status and
current taxonomic classification of each species were
checked by Fricke et al. (2022ab). The specimens were
preserved in 10% formalin. Selected specimens were
deposited in the Environmental and Fisheries Resources
Management Laboratory (EFRM), Faculty of Fisheries and
Marine, Universitas Airlangga, Surabaya, Indonesia. The
specimens were collected from May 5, 2021 to August 20,
2022.
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Figure 1. Collecting sites of Brantas River, East Java, Indonesia. 1. upstream; 2. Karangkates Reservoir; 3. midstream; 4. downstream
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Data analysis

Sampling efficiency was assessed using a species
accumulation curve in Primer 7 with observed species
values (Sobs) compared to Michaelis Menton and
bootstrapped estimator values (Clarke and Gorley 2015).

RESULTS AND DISCUSSION

Checklist

This work recorded 42 fish species divided into 35
genera and 21 families (Table 3). The sampling covered
between 84-96% of expected species based on the curves
from observed species values (Sobs) (Figure 2). Cyprinidae
was the dominant family, comprising 12 genera and 15
species (Table 3). This family is widespread from upstream
to downstream. This predominance of Cyprinidae is
corroborated by other studies conducted in Southeast Asia
(Rainboth 1996; Kottelat et al. 2013). Cyprinidae species
are usually broadly tolerant to environmental changes and
are opportunistic generalists. In addition, cyprinids are
cyclic spawners with a high fecundity and reproduce
throughout the year (Roesma et al. 2017, Efizon et al.
2021). These factors may favor the dominance of the
family in freshwater environments.

Considering all the species recorded in this study, some
of them were widespread across the basin and occurred in
all four stations, such as Mystacoleucus marginatus,
Osteochilus  vittatus, Systomus rubripinnis, Barbodes
binotatus,  Barbonymus  gonionotus,  Barbonymus
balleroides, Anabas testudineus, Clarias batrachus, and
Monopterus albus. On the other hand, some species were
rarer, being recorded only in one of the four stations, such
as Nemacheilus chrysolaimos, Glyptothorax platypogon,
and Akysis variegatus (Table 3). This suggests that there is
some environmental filtering acting on the assemblage. For
example, families associated with rheophilic conditions,
Cobitidae, Sisoridae, and Akysidae, were only sampled
upstream (station 1), These species are specialized for
habitats with high concentrations of dissolved oxygen, fast-
flowing water, and rocky habitats (Rainboth 1996; Kottelat
et al. 2013). Thus, they are unable to inhabit the mid-lower
reaches of the basin, where the habitat changes to the
slower flow and is more prone to anthropogenic impacts.
The upstream station (1) possessed the lowest species
richness (22 species) compared to the highest species
richness in the midstream (station 3; 37 species).
Midstream station 3 was characterized by having slow
flow, sandy mud bottom and large wide stretches. Station 4
had similar environmental characteristics as station 3, but
only 26 species were collected there. This is probably a
result of estuarine influences in the lower reaches of the
river, where the salinity gradient may act as an
environmental filter and limit the occurrence of some
species that are less tolerant to salinity and other typical
environmental characteristics of estuaries (Roberts 1989;
Kottelat et al. 2013).
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Several species considered endemic to Java, such as
Akysis variegatus, Clarias batrachus, Dermogenys pusilla,
Glyptothorax plarypogon, Hemibagrus nemurus, and
Rasbora lateristriata (Ng and Low 2019; Ng 2019a; Ng
2019b; Ng 2020; Lumbantobing 2021), were reported in
this study. The ecology of these endemic fish should be
prioritized, as they are at higher risk of extinction due to
their restricted ranges. An example that demonstrates this
urgency is the species Chitala lopis (Notopteridae) and
Lobocheilos lehat (Cyprinidae) - both are considered to be
extinct globally (Lumbantobing 2020; Ng 2020).

The occurrence of Laides hexanema (Ailiidae) (Figure
3) in the Brantas River is considered here as a new record.
The closest record of this species was in the Citarum River,
West Java. This species 18 similar to Pangasiidae but
possesses a smaller and more compressed body, with larger
eyes and a longer barble. This species was collected in
stations 3 and 4. The bronze featherback Notopterus
notopterus (Notopteridae) (Figure 4), a species [fully
protected species by the Indonesian Government, was
found at stations 2, 3, and 4. The presence of this species in
the three stations indicates that its population is still
relatively stable. However, some species which were
expected were not sampled in this study, such as
Cyclocheilos enoplos (Cyprinidae), Pangasius macronema
(Pangasiidae), Homalopteroides wassinkii (Balitoridae),
Lepidocephalichthys hasselti (Cobitidae), and Luciosoma
setigerum (Danionidae) (Bleeker 1862; Bleeker 1863).
More extensive research is needed to confirm the existence
of these species.

Data on habitat use, ecological interactions of fish
occurring in the Brantas River, and fisheries pressure are
needed urgently to make appropriate conservation
decisions in line with sustainable resource management.
This needs to occur at the basin level due to the
connectivity and stress in the system. Therefore, we
suggest that more collections need to be carried out in the
Brantas river basin. Collection studies using eDNA
analysis will improve sampling efficacy and research
meorporating both morphological and molecular data will
help to unravel taxonomical uncertainty in cryptic species.

75 a0 a5 40
Samples

Figure 2. The curves from observed species values
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Table 3. Fishes recorded by this work and their IUCN (International Union for Conservation of Nature) conservation status
" - _ IUCN Status Station
Family Genus Species (Last assessed) 1 2 3 3
Notopteridae Notopterus Notopterus notopterus LC (2020) X X X
Danionidae Rasbora Rasbora argyrotaenia LC (2021) X X X
Rasbora lateristriata VU (2021) X X X
Rasbora baliensis LC (2021) X X
Cyprinidae Barbichthys Barbichthys laevis LC (2020) X X
Labeo Labeo chrysophekadion LC (2020) X X X
Cyclocheilichthys Cyclocheilichthys apogon LC (2020) X X
Cyclocheilichthys armatus LC (2019) X X
Labiobarbus Labivbarbus leptocheilus LC (2020) X X
Tor Tor tambra DD (2018) X X X
Tor tambroides DD (2018) X X X
Neolissochilus Neolissochilus soro LC (2021) X X X
Mystacoleucus Mystacoleucus obiusirosiris LC (2012) X X X X
Osteochilus Osteochilus vittatus LC (2020) X X X X
Systomus Svstomus rubripinnis DD (2019) X X X '
Barbodes Barbodes linotatus LC (2019) X X X X
Barbonymus Barbonymus gonionoties LC (2020) X X X h.
Barbonymus balleroides LC (2020) X X X X
Hampala Hampala macrolepidota LC (2020) X X X
Cobitididae Acantopsis Acantopsis dialuzona LC (2020) X
Nemacheilidae Nemacheilus Nemacheilus chrysolaimos LC (2019) X
Bagridae Mystus Mystus singaringan LC (2019) X X X
Mystus nigriceps LC (2019) X X
Clariidae Clarias Clarias batrachus LC (2019) X X X h.
Pangasiidae Pangasius Pangasius djambal LC (2019) X X X
Pseudolais Pseudolais micronemus LC (2019) X X X
Adliidae Laides Laides hexanema LC (2019) X X
Sisoridae Glyptothorax Glyptothorax platypogon LC (2019) X
Akysidae Akysis Akysis variegatus DD (2019) X .
Siluridae Ompok Ompok siluroides LC (2019) X X
Aplocheilidae Aplocheilus Aplocheilus armatus LC (2018) X X X
Zenarchopteridae  Dermogenys Dermogenys pusilla DD (2020) X X h.
Anabantidae Anabas Anabay testudineus LC (2019) X X X X
Osphronemidae Trichopodus Trichopodus trichopterus LC (2019) X X X
Osphronemus Osphronemus goramy LC (2019) X X X
Channidae Channa Channa striata LC (2019) X X X
Channa gachua LC (2010) X X
Eleotridae Oxyeleotris Oxvyeleotris marmorata LC (2019) X X X
Gobiidae Glossogobius Glossogobius aureus LC (2019) X X h.
Mastacembelidae  Mastacembelus Mastacembelus unicolor LC (2020) X X X
Muacrognathus Macrognathus aculeatus LC (2019) . X X
Synbranchidae Monopterus Monopterus albus LC (2020) X X X X

Figure 3. Laides hexanema. First record for Brantas River, East
Java, Indonesia (Stations 3 and 4)

Figure 4. Notopterus notopterus. A protected species from
Brantas River, East Java, Indonesia (Stations 2, 3, and 4)
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Figure 5. Mahseers (Neolissochilus and Tor) schooling in the
spring of Brantas River, East Java, Indonesia (station 1)

Conservation status

According to the ITUCN Red List, most fish species
inhabiting the Brantas River have a conservation status of
Least Concern (LC) or Data Deficient (DD), except for
Rasbora lateristriata (Danionidae), which is categorized as
Vulnerable (VU) (Table 2). The bronze featherback
Notopterus notopterus (Notopteridae) (Figure 2) is fully
protected by the Indonesian Government (Ministry of
Maritime Affairs and Fisheries 2021), even though this
species is the main raw material for popular traditional
foods in Indonesia. We suggest that an urgent inland
fisheries assessment is used to determine the population
sustainability of N. notopterus in Java.

Mahseer fish (genera Tor and Neolissochilus) are rarely
found in Javanese waters. Therefore, we suggest that the
conservation status of these species should be reviewed
since they are categorized as Least Concern (LC) or Data
Deficient (DD). These fish are very vulnerable to
anthropogenic change as they require good water quality
and integrity of environmental flow, while Java is an island
with a high level of environmental damage (Muchlisin et
al. 2015). Tor and Neolissochilus are protected by some
communities as part of local wisdom due to the species
consistently habituating springs (Figure 5).

Among other large islands of Indonesia, such as
Sumatra, Borneo, Sulawesi, and Papua, due to the high
population density, Javanese water bodies are the most
affected by pollution. Further, changes in river function and
connectivity resulting from the construction of dams
without fishways, illegal mining, industrialization, and
deforestation all negatively impact water quality and
community assemblage (Garcia et al. 2019; Islamy and
Hasan 2020; Pardemean et al. 2021; Setyaningrum et al.
2022). Freshwater fishes are some of the most vulnerable to
biodiversity loss on a global scale, as freshwater aquatic
environments have restricted dispersal potential (Comte
and Olden 2017; Sayer et al. 2018; Albert et al. 2021).

This system is data-poor in recent information on
species assemblages, ecological function, and socio-
economic relevance, however, there is a high potential that
any change may result in the loss of keystone species and
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bioindicator species. Maintaining relevant wet collections
of these species is essential to understanding the historical
and contemporary ecological role of fish assemblages in
the Brantas River. Thus, it is recommended that further
investigation and taxonomical collections are made before
rapid environmental change drives more extinction events.

East Java is also the center of aquaculture and aquarium
trade in Indonesia, there is a high likelihood of the
introduction of non-native species through this pathway
(Fadjar et al. 2019; Hasan et al. 2020a, 2020b). Non-native
species introductions as a result of the aquarium trade have
occurred exponentially in the last five decades, causing
disruption to the native species communities across the
trophic network (Ohee et al. 2018; Hasan et al. 2020c:
Insani et al. 2020). Non-native species cause a negative
ecological impact on native species directly through
predation and indirectly through competition for resources
and niches (Hasan and Tamam 2019; Hasan et al. 2019a;
Hasan et al. 2019b; Olden et al. 2022). The Brantas River
basin has multiple obstructions in the form of several large
dams without fishways which prevent migratory species
from carrying out seasonal and reproductive migrations
(Anna et al. 2017; Anna et al. 2018). A similar case of dam
construction also occurred in the Mekong River, which
crosses Indochina, causing the loss of endangered species,
such as the giant Mekong catfish Pangasianodon gigas
(Pangasiidae) and the giant freshwater whipray Urogymnus
polylepis (Dasyatidae) (Hogan 2011; Grant et al. 2021).
Therefore, the existence of a fish sanctuary as part of in-
situ conservation is very important in maintaining the
existence of the native fish of the Brantas River. In
addition, ex-situ conservation through domestication
programs is also important to increase fish population
stocks through careful restocking processes (Ohee 2016;
Gumiri et al. 2018; Hasan et al. 2019¢; Hasan et al 2019c¢;
Hasan et al. 2021). Finally, developing an inland fisheries
assessment process for food fisheries as well as the
aquarium trade to monitor the status and exploitation rates
of ecologically and socio-economically important species
across Indonesia is recommended to support the sustainable
development goals of Life Under Water and No Hunger
(Hasan and Widodo 2020; Lynch et al. 2020; Saptadjaja et
al. 2020; Hasan and Islam 2021; Hasan et al. 2021c¢; Hasan
et al. 2021d).

Water parameters

The water parameters varied between the stations
(Table 2). In general, the water parameters in all Brantas
River stations are in the range of fish habitat quality
standards (Boyd 2000). Therefore, these stations possess
reasonable water quality suitable for fish. However, given
the high rates of specialization in freshwater fishes, any
environmental change will likely exert some environmental
filtering on the assemblage, which may have varied
implications for the ecological functioning of the system.
Further research is needed on water quality using more
specific parameters such as total dissolved solids and
chemical and heavy metal pollution.
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