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Abstract. Kurniawan 1D, Rahmadi C, Akbar RTM, Prakarsa TBP. 2022. Stygobiotic isopod Stenasellus sp. in Sarongge Jompong cave,
Tasikmalaya karst area, Indonesia. Biodiversitas 23: 1495-1504. Stenasellus, a stygobiotic isopod, was first reported in Tasikmalaya
karst by local cavers in 2018 in Sarongge Jompong Cave. This study aimed to investigate the population, activities, and habitat
characteristics of Stenasellus sp. in Sarongge Jompong, Tasikmalaya karst area, Indonesia. Population and activities were recorded
through direct intuitive search. We measured several important physicochemical parameters to study habitat characteristics. Statistical
analyses-namely Non-metric Multi-dimensional Scaling and Detrended Correspondence Analysis-were conducted to understand the
difference in water characteristics among microhabitats and the relation between water characteristics and population size. The results
showed that the population was distributed in 4 microhabitats with the maximum observed individuals of 8. Several activities were
successfully monitored, including crawling, resting, hiding in crevices, and moving to different locations through the water. All
microhabitats were wet gours connected to small water currents located in the dark zone of the cave passage. Water characteristics of
microhabitat site 1 were more similar to site 2 and the numbers of individuals in these sites were larger than sites 3 and 4. Among water
parameters, resistivity showed the most robust relation with Stenasellus population in which both variables were positively correlated.
This correlation indicated that Stenasellus sp. preferred microhabitats with less contamination. Intrinsic and extrinsic factors may
potentially threaten the population. The potential threats and conservation challenges need to be identified and mitigated to reduce the
risk of biodiversity loss to these isopods, mainly due to their small population size, specific microhabitat, and susceptibility to
disturbance. Considering these factors, research on taxonomy will be essential for conservation efforts.
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INTRODUCTION

The cave environment has unique ecosystem
characteristics. Most of this environment lacks light which
limits photoautotrophic taxa to survive. Furthermore, it also
has a relatively stable microclimate condition, saturated
humidity, and usually less O, concentration compared to
surface environments (Prous et al. 2015; Sim@es et al.
2015). Caves in temperate regions belong to the
oligotrophic system, which is well-known for its limited
nutrients (Mammola et al. 2019). Meanwhile, tropical
caves are commonly eutrophic but lack in quality
(Kurniawan et al. 2020). These harsh environmental
conditions act as limiting factors for several taxa to occupy
this realm (Kosznik-kwasnicka et al. 2022).

Despite the extreme conditions, caves are essential
habitats for diverse groups of organisms, particularly
animals. Cave animals can be found in both terrestrial and
aquatic habitats. Water in caves is inhabited by numerous
different taxa of animals (Knight et al. 2015; Decu et al.
2019). According to their degree of adaptation, aquatic
cave-dwelling animals are classified into 3 groups:

stygophile, stygoxene, and stygobite (Trajano and de
Carvalho 2017; Kurniawan and Rahmadi 2019). Among
these groups, stygobites are the most captivating since they
are cave-obligate species that spend their whole life-cycle
entirely in groundwater (Gutjahr et al. 2014). As such, they
display unique morphological adaptations (troglomorphy),
such as appendage elongation, visual organ reduction, and
pigmentation loss (Mammola 2019). In addition, they also
commonly have a low metabolic rate, small population
sizes, and are highly sensitive to environmental disturbance
(Howarth and Moldovan 2018; Lunghi and Manenti 2020).

The genus Stenasellus Dollfus, 1897, is a stygobiotic
isopod that has been extensively studied worldwide
(Khalaji-pirbalouty et al. 2018). This genus belongs to
suborder Asellota and family Stenasellidae (Bakhshi et al.
2018). All members of Stenasellus occur in groundwater
and can colonize various microhabitats, including free-
water biotopes (e.g., clayey pools, gours, underground
rivers) and phreatic water as they are able to live in the
interstitial water of coarse alluvium. Stenasellus is a widely
distributed genus, ranging from Southeast Asia, Central
Asia to East Africa and South Europe (Messana et al.
2019). In Indonesia, the genus is distributed on the three


mailto:22-7800525

1496

islands of Sumatra, Borneo, and Java (Magniez and
Rahmadi 2006; Beron 2015; Puspita et al. 2019).
Stenasellus has a Thetydean distribution reflecting its
ancient origin, so it has been used as a palaeogeographic
indicator (Malard et al. 2014; Messana et al. 2019).

Stenasellus in Indonesian caves is an important subject
to study, not just in its taxonomy but also in its phylogeny,
evolution, biogeography, and ecology. The gap of
knowledge on Stenasellus in Indonesia needs further efforts
to be resolved. To date, most research on Stenasellus in
Indonesia has only focused on their taxonomy (Magniez
1982, 2001; Magniez and Rahmadi 2006). Meanwhile,
their ecological aspect is still poorly studied.

The vast majority of cave occur in the karst area, a
landscape originating from the dissolution of soluble rock
(e.g., calcite, dolomite, gypsum, and rock salt) (Lauritzen
2018; Sun et al. 2018). The Indonesian archipelago hosts
extensive karst areas with plentiful caves rich in
biodiversity (Rahmadi 2008). One of those Kkarst areas is
located in Tasikmalaya regency, West Java. This karst area
covers 158.301 ha with more than 500 registered caves
(Kurniawan et al. 2020). At the time of publication, studies
on the biology of caves in this karst area are still very
limited, so its subterranean biodiversity and ecology are
poorly understood.

According to a local cavers' report in 2018, they found
several individuals of Stenasellus living in a single cave
(Sarongge Jompong) located in Tasikmalaya karst area.
This finding is a new record since the distribution of
Stenasellus in Java was previously only reported in two
karst areas which are geographically situated far from
Tasikmalaya, namely Klapanunggal (Magniez and
Rahmadi 2006) and Sukabumi (Rahmadi 2008). The only
species and the first record of Stenasellus described from
Java is Stenasellus javanicus (Magniez and Rahmadi
2006). This species occurs in several caves located in
Klapanunggal karst area situated in Bogor regency
(Rahmadi 2008). This karst area is about 175 km from
Tasikmalaya and historically formed by different karst
formations: Klapanunggal and Karangpucung formations.
Considering the existing geographic isolation, the Stenasellus
that occurs in Tasikmalaya is likely a different species.

The discovery of the Stenasellus population in
Tasikmalaya Kkarst area is an important record that should
get more attention because it is the first-ever cave-obligate
species unearthed from Tasikmalaya karst area. However,
there was no scientific publication related to the finding.
Along with the taxonomical study, research on the
ecological aspect of stygobitic species is crucial. This study
aimed to investigate the population, activity, and habitat
characteristics of Stenasellus sp. in Sarongge Jompong
cave to provide the first scientific information about the
existence of Stenasellus in Tasikmalaya karst area. The
results of this study are expected to be a reference in the
arrangement of management and conservation policies for
Tasikmalaya karst area.
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MATERIALS AND METHODS

Study area

Sarongge Jompong is a karstic cave located in Tasikmalaya
District, West Java, Indonesia, at the geographic coordinate
7°33'25.8" S 108°0624.7" E (Figure 1). This cave has
horizontal passages with a small entrance that is situated in
a hillside where elevation is 314 m above sea level. An
underground river streams down along the main passage of
this cave, in which water flows all year round. The river
has a rocky riverbed with high water velocity. In the branch
passage, which is located on the upper side of the main
passage, there is a pool and a wet gour generated by
percolating water. According to the local cavers' expedition,
the Stenasellus population was initially found in this site in
late 2018 (Caves Society Tasikmalaya 2020, pers.com).

The cave has been used by the local community as a
water source for irrigation, fishery, and daily needs. In
addition, it also has been periodically explored by
spelunkers and speleological activists, particularly for
adventure purposes. At the same time, the local community
practices traditional phosphate mining because the soil in
the branch passage is rich in guano. The passage is
inhabited by insectivorous bat populations, mostly from the
genus Rhinolophus, which provide guano deposits on the
cave floor.

Procedures
Microhabitat discovery and cave mapping

All passages of the cave were explored and observed
thoroughly to find Stenasellus microhabitats. The
observation was conducted through direct intuitive
sampling (Wynne et al. 2019), focusing on the locations
where water occurs (e.g., river, puddle, pool, wet gour).
Microhabitat finding was conducted during daylight with 3
repetitions representing different timings (07.00-09.00 am,
11.00 am-01.00 pm, and 03.00-05.00 pm). Observations
were performed by 3 observers who have good experiences
in sampling cave-dwelling fauna. Each water body was
observed for as long as 20 minutes to check the presence or
absence of Stenasellus individuals. After the specific sites
of microhabitats were recorded, cave mapping was then
carried out. A cave map is needed to spot the particular
locations of microhabitats in the cave passage. Cave
mapping was carried out through a magnetic survey
method and processed using Caves Survey and Corel Draw
software to produce a cave map in plans view. All
microhabitat sites were then overlaid onto the cave map.

Field observations and measurements

After specific sites of microhabitats were chosen,
further observations were only conducted in those sites.
Population size was estimated by calculating the numbers
of Stenasellus individuals through direct observation with 3
repetitions for each microhabitat. The repetitions were
carried out on different observation days. Each site was
observed for 30 minutes to count the number of individuals
present. Observations were performed carefully without
disturbing the water in the microhabitats. At the same time,
all activities performed by Stenasellus were also recorded.
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Figure 1. The geographical position of Sarongge Jompong cave, Tasikmalaya District, West Java, Indonesia

Abiotic factors, including physicochemical parameters,
were measured to study the characteristics of Stenasellus
microhabitat. The measurements were conducted
immediately after the observations were complete to
prevent disturbance on the animal. The physical parameters
comprised light intensity, air temperature, relative humidity
(RH), water temperature, and microhabitat area, whereas
chemical parameters included pH, salinity, hardness,
conductivity, resistivity, total dissolved solid (TDS),
dissolved oxygen (DO), and total oxygen. Light intensity
was measured using lux meter (Lutron LX-113S), while air
temperature and RH used thermo-hygrometer (HTC-1).
Water temperature and all chemical parameters were
quantified using a water tester (Lutron WAC-2019SD). The
measurements were conducted directly in the study cave
along with population and activity observations with 3
repetitions for each parameter. In addition, the other

physical attributes which visually reflect discrepancy
among microhabitats - e.g., number of crevices and guano
abundance - were also documented in each microhabitat.
The number of crevices was demonstrated as limited (5<),
moderate (5-10), and many (>10). Meanwhile, guano
abundance was classified into 3 categories: low (+),
medium (++), and great quantity (+++).

Data analysis

Non-metric Multidimensional Scaling (NMDS) was
performed to analyze the disparity of water parameters
among microhabitats. In addition, Detrended Correspondence
Analysis (DCA) was also carried out to clarify the relationship
between Stenasellus population and chemical parameters of
water. The analyses were executed with Rstudio Software
under the Vegan package (Oksanen et al. 2020).
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RESULTS AND DISCUSSION

The genus Stenasellus is a groundwater-restricted
stygobiotic taxon that evolved from marine to freshwater
habitat, particularly subterranean waters (Ketmaier et al.
2003). Its capability to adapt to specific microhabitats of
groundwater is an exciting subject to be investigated
further. Its distribution and relation to geologic history
need further phylogenetic and biogeographic studies. Based
on current distribution data in Indonesian caves,
Stenasellus distribution corresponds to the geologic setting
of the Sundaland Core. The genus only occurs in
Sundaland especially in Sumatra, Java and Borneo with the
eastern limit of the distribution in Borneo in Central
Kalimantan (Tumbang Topus) and Tasikmalaya in Java.
The genus has not been recorded in the eastern part of Java,
East Kalimantan, Sulawesi, the Lesser Sunda Islands, the
Moluccas, and Papua. Extensive studies of cave
invertebrates conducted by Indonesian Institute of Science
(Currently National Research and Innovation Agency) in
Sangkulirang karst (East Kalimantan), Maros Karst (South
Sulawesi), Muna Karst (Southeast Sulawesi), Gombong
Selatan (Central Java), Menoreh Karst (Centra Java,
Yogyakarta), Gunungsewu Karst (Central Java,
Yogyakarta, East Java), and Tuban Karst (East Java)
provide convincing evidence that the genus is absent from
these karst areas. The distribution in Java and Borneo is
presumed to be limited by the Luk Ulo-Meratus Sutures as
the southeast border of the Cretaceous Arc (Zahirovic et al.
2014) or by the Meso-Tethys Suture clustered as the Neo-
Tethys Suture (Metcalfe 2021). Hypothetical groundwater
colonization of Stenasellus from a stenasellid ancestor of
"Mesogean Stock™ in the Neo-Tethys Sea (Malard et al.
2014), and it is confirmed that the distribution pattern of
Stenasellus is related to the Tethyan Orogenic Belt
(Metcalfe 2021). The records of Stenasellus in Tasikmalaya
(West Java) and Tumbang Topus (Central Kalimantan)
could be the easternmost distribution limit of Stenasellidae.
This distribution pattern is similar to the charontid whip
spider genus Catageus (formerly genus Stygophrynus)
(Rahmadi et al. 2011).

Population of Stenasellus sp.

Extensive observations conducted in the recent study
have successfully confirmed the existence of a Stenasellus
population in Sarongge Jompong cave. Our exploration
results showed that the population of Stenasellus sp. in the
study cave was distributed in 4 separate microhabitat sites
(Figure 2). These findings constitute new records since the
previous notes by speleological activists only recognized 2
sites, corresponding to our site 1 and site 4.

All microhabitats of Stenasellus sp. in Sarongge
Jompong were situated in the dark zone of the cave
passage. This finding supports previous studies which
mentioned that all members of the genus Stenasellus occur
exclusively in subterranean aquatic habitats where sunlight
is absent (Magniez 1981; Faille and Deharveng 2021).
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Hence, they were classified as stygobites which means
aquatic cave-obligate species (Bruno et al. 2020).
Stygobiotic  species are commonly sensitive to
environmental fluctuation, so their distributions are
commonly restricted in the dark zone where the
microclimate and other abiotic parameters are relatively
stable compared to entrance and twilight zones (Kurniawan
and Rahmadi 2019; Mokany et al. 2019).

The distribution of the Stenasellus population, separated
into 4 microhabitats, is an interesting circumstance that
should get more attention. Magniez (1981) stated that the
genus Stenasellus has local migration ability from one site
to another in a single cave. However, the migration will
only happen if the sites are hydrologically connected. Thus,
further studies focused on hydrologic connectivity among
microhabitats are needed.

There are 3 types of aquatic habitats in the dark zone of
Sarongge Jompong, including an underground river
(stream), pools, and wet gours. However, not all these
aquatic habitats were inhabited by Stenasellus. Although
the population was distributed in 4 different sites, all
Stenasellus individuals were found in a similar type of
microhabitat, that is, wet gours generated by percolating
water. Meanwhile, there were no individuals observed in
the river and pool. Gour, also known as rimstone, is a type
of cave ornament (speleothem) formed as rings or stone
dams (Pérez et al. 2021). Each ring of a gour has a basin
that can be potentially filled by water. In addition, this cave
ornament also commonly has crevices that provide shelters
for Stenasellus. All gours occupied by Stenasellus sp. in
Sarongge Jompong were relatively small at approximately
1-20 cm in diameter so that they can be classified as
microgours. These gours had a part submerged in water
because they were passed by small water currents
generated by percolating water.

Plan View
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Figure 2. Population distribution of Stenasellus sp. in Sarongge
Jompong cave, Tasikmalaya District, West Java, Indonesia
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As the population only occurred in wet gours, the
presence of percolating water can be suggested as a
limiting factor for the population since it is the source of
water (Figure 3). This water originates from surface water
that enters the subterranean realm through the soil and
permeable rock (Guo et al. 2019). The existence of
percolating water in caves is highly dependent on the
vegetation structure of the surrounding area and the nature
of rock porosity. Vegetation may increase percolation rates
because root systems can capture surface water and provide
channels that connect water to soil and rock (Duan et al.
2015), whereas rock pores provide penetration pathways
for water toward cave passages (Stroj et al. 2020). Hence,
surrounding vegetation and rock porosity should be
urgently maintained to conserve Stenasellus habitat in
Sarongge Jompong.

Stenasellus sp. in Sarongge Jompong had a small
population size (Table 1). According to the observations, it
can be estimated that there were only around 8 individuals
of Stenasellus sp. in 4 microhabitats. This number was the
highest record by far since the previous notes by
speleological activists stated a maximum count of only 5
individuals (Hidayaturrohmah 2020, pers.com).

Each microhabitat had different numbers of individuals
of Stenasellus sp. The highest number of individuals was
recorded in site 2 with a maximum of 4 individuals,
whereas the other sites were relatively lower with 1-2
individuals. In a single microhabitat, the individuals were
separated from one another and never found aggregated in
a single dip of a gour. The closest distance from one
individual to others was approximately 5 cm, whereas the
furthest distance was more than 3 m.
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Cave-dwelling stygobite faunas are well-known to have
small population sizes. Most stygobiotic animals adopt the
K-adapted life history, e.g., few eggs and low reproductive
rates, which consequently results in a smaller population
size compared to their epigean relatives (Howarth and
Moldovan 2018; Kurniawan and Rahmadi 2019).
Reproductive events are rare in the genus Stenasellus. They
generally reproduce only once every two years in suitable
conditions, but it can be much longer with lower food
availability (Howarth and Moldovan 2018). In addition,
they also have a strong cannibalistic tendency that may
control their population size (Malard et al. 2014). To date,
little information has been available regarding the
population size of Stenasellus. Several experts reported
having collected hundreds of individuals in a single visit
(Messana 2021, pers.com), but Rahmadi (2008) only found
a few individuals. One monitoring experiment that had
been conducted for Javanese species was on Stenasellus
javanicus in Cikarae cave situated in Klapanunggal karst
area. Based on the study, it was reported that only 5
individuals were successfully observed. Furthermore, the
population could only be found in a single microhabitat site
(Rahmadi 2008).

Along with small population size, many groups of
stygobiotic fauna also typically lack aggregation behavior.
Although it provides advantages in foraging, reproduction,
and defense against predators in most epigean species, this
behavior is significantly reduced in cave obligate fauna.
This reduction is believed to be a typical cave adaptation as
a response to the lack of visual orientation and predator
threats (Howarth and Moldovan 2018).

Table 1. The number of individuals in each microhabitat of Sarongge Jompong cave, Tasikmalaya District, West Java, Indonesia

Number of individuals

Microhabitat

Observation 1 Observation 2 Observation 3 Min Max Mean
Site 1 2 2 0 0 2 1.3
Site 2 0 4 2 0 4 2
Site 3 0 1 1 0 1 0.67
Site 4 0 1 0 0 1 0.33
Total 2 8 3 2 8 4.33

Figure 3. A. Wet gour, the main Stenasellus sp. habitat in Sarongge Jompong, Tasikmalaya District, West Java, Indonesia; B.

Stenasellus sp. resting on the surface of a gour



1500

Activities of Stenasellus sp.

During the observations, several activities of Stenasellus
sp. were successfully observed, including crawling on the
surface of gours, resting, hiding in crevices, and moving to
different locations through water media. These observed
activities are similar to what was illustrated by previous
studies (Magniez and Rahmadi 2006; Khalaji-pirbalouty et
al. 2018; Messana et al. 2019). In contrast, many sources
stated that Stenasellus like burrowing in mud and soil
substrate, but this activity was absent in the observed
individuals because all the microhabitats were in the solid
form of gours with rock substrate.

The level of locomotor activity of Stenasellus sp. in
Sarongge Jompong was very high. Among the observed
activities, crawling on the surface of gours was the most
frequently performed by Stenasellus. On several occasions,
they were also observed moving from one location to
different locations through water media. Besides moving
downward and horizontally, they also could move upward
against the current of percolating water (positive rheotaxis).
The activities of Stenasellus are strongly influenced by
water availability. The experiment conducted by Messana
et al. (1999) reveals that locomotor activity of Stenasellus
is dramatically reduced in the absence of water. Stenasellus
will be immobile during drought periods and only move
slowly in the wet clay. This study was conducted in the
rainy season when water in all microhabitats was abundant,
so Stenasellus could move actively.

Another type of activity that was quite often exhibited
by Stenasellus sp. was hiding in crevices. In general, hiding
is common in the members of genus Stenasellus. This
activity is supported by their dorso-ventrally slender body
shape, which helps them enter rock crevices easily
(Magniez and Rahmadi 2006). Interestingly, this activity
mainly occurred at the end of the observation when the
cave microclimate may change due to humans' visits. In
addition, it also happened when the Stenasellus sp.
acquired a disturbance stimulus in the form of water being
touched by the observers. According to these facts, it is
strongly suspected that hiding activity is related to defense

Table 2. Physical characteristics of microhabitats
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mechanisms to protect themselves from threats and/or
environmental alterations.

Physicochemical characteristic of microhabitats

Until recently, scientific information related to
physicochemical characteristics of Stenasellus habitat is
still very limited. The vast majority of previous studies
focused on species descriptions, while habitat observations
were commonly taken at a glance, particularly on a few
parameters which can be observed visually. Thus, the
chemical parameters of habitat were rarely measured.
Members of the genus Stenasellus are reported to have a
wide distribution globally (Bakhshi et al. 2018). The
physical and chemical characteristics of inhabited caves
will vary greatly depending on the geographical location
and specific conditions of each cave (Lauritzen 2018).

Measured physical parameters were relatively similar
among microhabitats. All microhabitats were situated in the
dark zone where light intensity was 0 lux. Air temperature
ranged from 27.1-27.9°C while water temperature from
25.6-26.6°C. The highest temperature difference among
microhabitats was only 1°C. In addition, the relative
humidity of all microhabitats was also high, ranging from
85.7-89%. The physical difference among microhabitats
was merely in the form of microhabitat size, guano
abundance, and other specific features, including the
number of crevices and whether or not a pool was present
(Table 2).

Table 3 shows the chemical characteristics of
microhabitats. Several other types of aquatic habitats
occurred in Sarongge Jompong, which were not inhabited
by Stenasellus sp. including the river (stream), big pool,
and gours with abundant guano were also presented for
comparison purposes. In general, the population of
Stenasellus sp. could be found in water with the following
ranges of chemical characteristics: pH 6.45-7.12,
conductivity 0.61-0.66 uS, TDS 409.33-436.67 ppm, salt
content 0.03%, hardness 310.33-328 ppm, resistivity
1520.33-1612.33 Q, DO 7.70-10.27 mg/L, and total
oxygen 18.53 -27.5%.

Light Air Relative

Water

Microhabitat intensity temperature humidity temperature ’(*nz“';;‘ abizgg(r)] ce Other features
(lux) () (%) Q)

Site 1 0 27.2 85.7 26.6 5.16 ++ Diameter of gours
small, many crevices

Site 2 0 27.9 89.0 25.6 1.40 + Diameter of gours
small, many crevices, a
small pool

Site 3 0 27.1 88.0 25.7 3.36 ++ Diameter of gours
small, limited crevices

Site 4 0 27.1 89.0 26.4 1.80 +++ Diameter of gours

small,limited crevices, a
big pool
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Habitat Conductivity TDS Salinity Hardness Resistivity DO Total oxygen
types (1S) (ppm) (%) (ppm) Q) (mg/L) (%)
Site 1 7.10 0.61 410.67 0.03 314.33 1597.37 7.70 18.53
Site 2 6.65 0.62 409.33 0.03 310.33 1612.33 8.03 19.63
Site 3 6.45 0.66 436.67 0.03 328.00 1520.33 8.80 23.73
Site 4 7.12 0.63 418.67 0.03 315.00 1583.00 10.27 27.57
Gour Guano  7.08 0.72 462.67 0.03 349.67 1414.33 6.53 16.93
Stream 7.02 0.53 354.00 0.02 263.67 1888.90 10.80 31.53
Pool 7.12 0.64 427.00 0.03 320.00 1562.00 6.90 18.01
Salt
&
o
Oxpgen
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Figure 4. The disparity of water parameters among microhabitats

Based on NMDS analysis results visualized in Figure 4,
the stream had extremely high DO and total oxygen
compared to Stenasellus microhabitats. In contrast, the pool
and gours with abundant guano had relatively lower DO
and total oxygen. Moreover, gours with abundant guano
had higher values of conductivity, TDS, and hardness
compared to Stenasellus microhabitats. Among Stenasellus
microhabitats, site 1 was chemically more similar to site 2
compared to sites 3 and 4.

The chemical characteristics of  Stenasellus
microhabitats are relatively distinct from the other types of
aquatic habitats which were not inhabited by Stenasellus.
As a lotic system, the stream has a high O, level due to
intense water movement, generating turbulence that
supports oxygen diffusion from the air into the water
(Atapaththu et al. 2017). Additionally, bat guano is not
accumulated in the stream due to water current, So oxygen
consumption to decompose this organic material tends to
be lower. In contrast, the pool, which is categorized as a
lentic system, has relatively low DO and total oxygen (Priti
and Sahu 2018). These two chemical parameters were also
significantly lower in gours with abundant bat guano
compared to Stenasellus microhabitats. Massive organic
matter deposits are believed to cause the high values of
conductivity, TDS, and hardness in gours with abundant
guano. These three parameters are known to have strong
positive correlations (Dirisu et al. 2018).

Among Stenasellus microhabitats, site 1 was chemically
more similar to site 2 compared to sites 3 and 4. This result
is strongly correlated with the number of Stenasellus
individuals found in each site which is presented in Table
1. Most Stenasellus individuals were observed in sites 1
and 2, where water parameters were very much alike.
Larger Stenasellus individuals in sites 1 and 2 reflect
habitat preference in which chemical characteristics of
water may act as deciding factors.

Relationship between Stenasellus population and
chemical characteristics of water

In order to know which chemical parameters of water
have a strong influence on habitat preference, DCA was
conducted. The analysis was carried out by considering the
chemical character of gours with abundant guano, which is
physically similar to the Stenasellus microhabitats but
chemically different.

The result presented in Figure 5 illustrates the
relationship between Stenasellus population and the
chemical characteristics of water. It can be seen that among
water parameters, resistivity has a strong relationship with
the Stenasellus population. The parameter is positively
correlated with population, which is indicated by the blue
arrow.
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Figure 5. Relationship between Stenasellus population and chemical parameters of water

Stenasellus individuals in Sarongge Jompong were
more abundant in sites where resistivity was higher.
Resistivity is the ability of water to withstand the flow of
electricity. The parameter can be an important indicator of
water pollution (Jiang et al. 2013). The higher resistivity
value of water indicates a lower contamination level in the
water (Pierwota 2013). Among observed microhabitats, site
1 and site 2 were preferred by Stenasellus. This condition
was in line with the higher resistivity values in both sites
compared to other microhabitats. In addition, site 1 and site
2 also had lower TDS and conductivity values, indicating
lower pollutant concentration in both sites (Pal et al. 2015).

The main pollutant occurring in every microhabitat was
bat guano. Bat guano is actually one of the most important
food sources for cave-dwelling fauna since it is rich in
organic and other essential matters (Wurster et al. 2015).
However, our observations revealed that Stenasellus was
never seen in the gours with abundant bat guano, where the
water visually looked darker and contained a lot of
particulate matter. This is a substantial indication that
Stenasellus prefers clean waters with a low concentration
of organic contaminants. In line with this result, previous
studies also revealed that troglobiotic and/or stygobiotic
species tend to avoid guano deposits, particularly large
fresh guano piles (Ferreira 2019).

Threat and conservation challenges

Intrinsic and extrinsic factors may cause disturbance in
the Stenasellus population in Sarongge Jompong. An
intrinsic threat that potentially influences the population is
the dynamic of bat populations roosting above microhabitat
areas. Bats can produce large guano deposits, which may
affect the population of Stenasellus due to its
physicochemical characteristics. Guano can significantly
influence Stenasellus microhabitats, especially the water,
which is vital for Stenasellus suitability. Future
conservation steps should incorporate further investigation
into the influences of guano and bats on Stenasellus
microhabitats.

An extrinsic factor that can cause disturbance is human
visits. Anthropogenic disturbance is considered the main
threat for the Stenasellus population in Sarongge Jompong.
As mentioned previously, the cave has been frequently
visited by the local community, spelunkers, and
speleological activists. Human visits can disturb the
Stenasellus population, either directly or indirectly. Direct
disturbance can be in the form of stepping and touching
that can incidentally hit Stenasellus bodies or
microhabitats. Furthermore, microhabitat sites 1 and 2,
where most Stenasellus individuals occur, are both located
in the main passage that is very accessible to humans,
making them potentially more wulnerable to disturbance.

Human visits may also induce microclimate alteration,
indirectly disturbing the Stenasellus population. As
stygobitic fauna, this species is susceptible to
environmental changes caused by anthropogenic activities.
Many studies have proven that human visits to caves -
particularly with large numbers of people and extensive
duration of exploration - can significantly increase air
temperature and CO, levels (Sebela and Turk 2014;
Kurniawan et al. 2018). To date, environmental changes
induced by human visits have been widely reported as one
of the leading causes of cave-dwelling fauna decline,
particularly those belonging to stygobites and troglobites
(Macud and Nuneza 2014; Kurniawan and Rahmadi 2019;
Pacheco et al. 2020; Constantin et al. 2021). In addition,
other potential threats are land-use changes around the
caves which are currently covered by forests that
significantly contribute to provisioning percolating water
into cave environments. The cave is not only crucial for the
future of Stenasellus but also for the local community for
provisioning water resources for their daily needs, fishery,
and agriculture.

Future directions

This study implies the importance of further scrutiny
regarding the Stenasellus population in Sarongge Jompong
cave. The number of Stenasellus individuals recorded in
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this study was surprisingly low. Therefore, this result can
be an initial indicator of the small population size of this
species in Sarongge Jompong. However, several factors of
this study may cause underestimation from the actual
population size, including limitation of the sampling efforts
and lack of sampling technique variation. Hence, further
extensive monitoring needs to be carried out to confirm this
hypothesis. A continuous observation covering both rainy
and dry seasons will provide more robust data since the
number of individuals may fluctuate due to differences in
water availability.

Furthermore, combining multiple sampling techniques
may be more fruitful, e.g., applying bait sampling along
with direct intuitive sampling. The source of percolating
water is highly inaccessible, making direct observation
extremely difficult. As such, bait can beneficially attract
Stenasellus that lurk in crevices and or the source habitat.
In addition, hydrological connectivity among microhabitats
needs to be investigated to explain the local migratory
pattern of this species within the cave and between caves.

On the other hand, research on taxonomy is urgently
needed to determine the taxonomic status of the
Stenasellus. The taxonomic status will be an essential
foundation for a deeper understanding of this species, such
as phylogeny, evolution, ecology, physiology, and
conservation, including its conservation status.

Phylogenetic relationship between the Sarongge
Jompong population and the other Stenasellus populations
distributed in Java is also an exciting topic to be examined.
Stenasellus is well-known to have limited dispersal
capacity. Consequently, their distribution is exclusively
determined by paleo tectonic events (Ketmaier et al. 2003).
Molecular data may reveal genetic variability that can
indicate species divergence and show their evolutionary
history.

ACKNOWLEDGEMENTS

The authors thank the Institute of Research and
Community Services (LP2M) and the Faculty of Science
and Technology UIN Sunan Gunung Djati Bandung,
Indonesia which provided funding for this project. We are
grateful to Caves Society Tasikmalaya and Iman Aulia
Rahman for their assistance during fieldwork and cave
mapping. We also sincerely thank Giuseppe Messana and
Xavier Zahnle for reviewing and proofreading the
manuscript.

REFERENCES

Atapaththu KSS, Asaeda T, Yamamuro M, Kamiya H. 2017. Effects of
water turbulence on plant, sediment and water quality in reed
(Phragmites australis) community. Ekologia (Bratislava) 36 (1): 1-9.
DOI: 10.1515/eko-2017-0001.

Bakhshi Y, Sadeghi S, Messana G. 2018. First record of the family
Stenasellidae (Crustacea, Isopoda) in Iran with the description of a
new cave-dwelling species. Subterr Biol 26: 27-38. DOI:
10.3897/subtbiol.26.25950.

1503

Beron P. 2015. Comparative study of the invertebrate cave faunas of
Southeast Asia and New Guinea. Hist Nat Bulg 21: 169-210. DOI:
10.5281/zenodo.4043802.

Bruno MC, Doretto A, Boano F, Ridolfi L, Fenoglio S. 2020. Role of the
hyporheic zone in increasing the resilience of mountain streams
facing intermittency. Water 12: 2034. DOI: 10.3390/w12072034.

Constantin S, Mirea IC, Petculescu A, Arghir RA, Mantoiu DS, Kenesz
M, Robu M, Moldovan OT. 2021. Monitoring human impact in show
caves: A study of four romanian caves. Sustainability 13: 1-26. DOI:
10.3390/5u13041619.

Decu V, Juberthie C, lepure S, Gheorghiu V, Nazareanu G. 2019. An
overview on the subterranean fauna from Central Asia. Ecol
Montenegrina 20: 207-214. DOI: 10.37828/em.2019.20.14.

Dirisu AR, Olomukoro JO, Imoobe TOT. 2018. Limnochemical
characterization of lotic and lentic ecosystems in Agbede Wetlands.
Turk J Fish Aquat Sci 18: 585-595. DOI: 10.4194/1303-2712-v18.

Duan L, Liu T, Wang X, Luo Y. 2015. Spatio-temporal patterns of water
table and vegetation status of a deserted area. Water 7 (10): 5788-
5805. DOI: 10.3390/w7105788.

Faille A, Deharveng L. 2021. The coume ouarnede system, a hotspot of
subterranean biodiversity in Pyrenees (France). Diversity 13: 419.
DOI: 10.3390/d13090419.

Ferreira RL. 2019. Guano communities. In: White WB, Culver DC, Pipan
T (eds). Encyclopedia of Caves (Third Edition). Academic Press,
Oxford.

Guo X, Gong X, Yuan D, Jiang G, Cao J, Lin Y, Lo KFA, Chen C. 2019.
Response of drip water temperature to climate variability: A case
study in Xiaoyan Cave, southwest China. Hydrol Sci J 64 (7): 873-
884. DOI: 10.1080/02626667.2019.1608994.

Gutjahr S, Schmidt SI, Hahn HJ. 2014. A proposal for a groundwater
habitat classification at local scale. Subterr Biol 14 (1): 25-49. DOI:
10.3897/subtbiol.14.5429.

Howarth FG, Moldovan OT. 2018. The ecological classification of cave
animals and their adaptations. In: Moldovan OT, Kovac L, Halse S
(eds). Caves Ecology. Springer, Switzerland.

Jiang Y, Li Y, Yang G, Zhou X, Wu J, Shi X. 2013. The application of
high-density resistivity method in organic pollution survey of
groundwater and soil. Proc Earth Planet Sci 7: 932-935. DOI:
10.1016/j.proeps.2013.03.011.

Ketmaier V, Argano R, Caccone A. 2003. Phylogeography and molecular
rates of subterranean aquatic Stenasellid Isopods with a peri-
Tyrrhenian distribution. Mol Ecol 12: 547-555. DOI: 10.1046/j.1365-
294X.2003.01734.x.

Khalaji-pirbalouty V, Fatemi Y, Malek-Hosseini MJ, Kuntner M. 2018. A
new species of Stenasellus Dollfus, 1897 from Iran, with a key to the
western Asian species (Crustacea, Isopoda, Stenasellidae). ZooKeys
50: 39-50. DOI: 10.3897/z00keys.766.23239.

Knight LRFD, Brancelj A, Hanfling B, Cheney C. 2015. The groundwater
invertebrate fauna of the Channel Islands. Subterr Biol 15: 69-94.
DOI: 10.3897/subtbiol.15.4792.

Kosznik-kwasnicka K, Golec P, Jaroszewicz W, Lubomska D, Piechowicz
L. 2022. Into the unknown: Microbial communities in caves, their
role, and potential wuse. Microorganisms 10: 222. DOI:
10.3390/microorganisms10020222.

Kurniawan ID, Rahmadi C. 2019. Ekologi Gua Wisata. Graha limu,
Yogyakarta. [Indonesian]

Kurniawan ID, Rahmadi C, Caraka RE, Rahman IM, Kinasih I, Toharudin
T, Chen RC, Lee Y. 2020. Correspondence between bats population
and terrestrial cave-dwelling arthropods community in Tasikmalaya
karst area. Commun Math Biol Neurosci 2020: 59. DOI:
10.28919/cmbn/4830.

Kurniawan ID, Soesilohadi RCH, Rahmadi C, Caraka RE, Pardamean B.
2018. The difference on arthropod communities’ structure within
show caves and wild caves in Gunungsewu Kkarst area, Indonesia. Ecol
Environ Conserv 24 (1): 72-81.

Lauritzen SE. 2018. Physiography of the caves. In: Moldovan OT, Kovac
L, Halse S (eds). Caves Ecology. Springer, Switzerland.

Lunghi E, Manenti R. 2020. Cave communities: From the surface border
to the deep darkness. Diversity 12: 167. DOI: 10.3390/D12050167.
Macud AM, Nuneza OM. 2014. The diversity of cave macro-invertebrates
in Amighty cave, Tagoloan, Lanao Del Norte, Philippines. J

Biodivers Environ Sci 5 (3): 376-386. DOI: 10.1.1.656.7101.

Magniez GJ. 1981. Biogeographical and paleobiogeographical problems
in Stenasellids (Crustacea Isopoda Asellota of Underground Waters).
Intl J Speleol 11: 71-81. DOI: 10.5038/1827-806X.11.1.8.



1504

Magniez GJ. 1982. Stenasellus chapmani n. sp. Crustacea Isopoda
Asellota des eaux souterraines de Bornéo (Sarawak). Intl J Speleol
12: 1-8. DOI: 10.5038/1827-806x.12.1.1.

Magniez GJ. 2001. Stenasellus stocki n. sp., Nouvel Isopode Stenasellidae
des eaux souterraines de Sumatra (Indonésie). Bull Mens Soc Linn
Lyon 70 (6): 159-164. DOI: 10.3406/linly.2001.11391.

Magniez GJ, Rahmadi C. 2006. A new species of the genus Stenasellus
(Crustacea, Isopoda, Asellota, Stenasellidae). Bull Mens Soc Linn
Lyon 75 (4): 173-177. DOI: 10.3406/linly.2006.13626.

Malard F, Henry JP, Douady CJ. 2014. The scientific contribution of Guy
Magniez  (1935-2014).  Subterr  Biol 13: 55-64. DOI:
10.3897/subtbiol.13.7412.

Mammola S. 2019. Finding answers in the dark: Caves as models in
ecology fifty years after Poulson and White. Ecography 42: 1331-
1351. DOI: 10.1111/ecog.03905.

Mammola S, Piano E, Cardoso P, Vernon P, Dominguez-Villar D, Culver
DC, Pipan T, Isaia M. 2019. Climate change going deep: The effects
of global climatic alterations on cave ecosystems. Anthr Rev 6 (1-2):
98-116. DOI: 10.1177/2053019619851594.

Messana G, Tellini M, Mathieu J, Hervant F. 1999. Behavioural response
to drought of the stygobitic Isopod Stenasellus racovitzai
(Stenasellidae). Mémoires de Biospéléologie XXVI: 71-144. DOI:
010/232/010232668.

Messana G, Damme KV, Argano R. 2019. A new stygobiotic Stenasellus
Dollfus, 1897 (Asellota: Stenasellidae) from Socotra Island, Yemen.
Zootaxa 4683 (4): 552-562. DOI: 10.11646/zootaxa.4683.4.5.

Metcalfe I. 2021. Multiple tethyan ocean basins and orogenic belts in
Asia. Gondwana Res 100: 87-130. DOI: 10.1016/j.gr.2021.01.012.

Mokany K, Harwood TD, Halse SA, Ferrier S. 2019. Riddles in the dark:
Assessing diversity patterns for cryptic subterranean fauna of the
Pilbara. Divers Distrib 25: 240-254. DOI: 10.1111/ddi.12852.

Oksanen J, Blanchet FG, Friendly M, Kindt R, Legendre P, McGlinn D,
Minchin PR, O’Hara RB, Simpson GL, Solymos P, Stevens MHH,
Szoecs E, Wagner H. 2020. Package ‘Vegan.” community ecology
package 1-298. https://cran.r-project.org/web/packages/iveganivegan.pdf.

Pacheco GSM, de Oliveira MPA, Cano E, Souza Silva M, Ferreira RL.
2020. Tourism effects on the subterranean fauna in a Central
American cave. Insect Conserv Divers 14: 294-306. DOI:
10.1111/icad.12451.

Pal M, Samal NR, Roy PK, Roy MB. 2015. Electrical conductivity of lake
water as environmental monitoring - A case study of Rudrasagar lake.
IOSR J Environ Sci Toxicol Food Technol 9 (3): 66-71. DOI:
10.9790/2402-09316671.

Pérez ES, Fonolla C, Pidal IM, Rodriguez PR. 2021. Palechydrogeology
of the karstic system of fuentetoba spring (Soria, spain): An
interdisciplinary ~ approach.  Sustainability = 13: 7236. DOI:
10.3390/5u13137236.

BIODIVERSITAS 23 (3): 1495-1504, March 2022

Pierwota J. 2013. Investigation of soil contamination using resistivity and
induced polarization methods. Pol J Environ Stud 22 (6): 1781-1788.

Priti, Sahu KK. 2018. Physico-chemical analysis of lotic and lentic water
ecosystems in Samastipur, Bihar, India. Intl Res J Environ Sci 7 (1):
11-21.

Prous X, Ferreira RL, Jacobi CM. 2015. The entrance as a complex
ecotone in a Neotropical cave. Intl J Speleol 44 (2): 177-189. DOI:
10.5038/1827-806X.44.2.7.

Puspita D, Wibowo AS, Fauzi MR. 2019. The existence of Stenasellus sp.
at Prehistoric cave habitation site in Bukit Bulan Karstic area,

Sarolangun, Jambi. Forum Arkeologi 32 (2): 63-74. DOI:
10.24832/fa.v32i2.563. [Indonesian]
Rahmadi C. 2008. Cave fauna of Java. Bogor.

https://www.rufford.org/files/40.11.06 Detailed Final Report.pdf.

Rahmadi C, Harvey MS, Kojima JI. 2011. The status of the whip spider
subgenus Neocharon (Amblypygi: Charontidae) and the distribution
of the genera Charon and Stygophrynus. J Arachnol 39 (2): 223-229.
DOI: 10.1636/CA10-77.1.

Sebela S, Turk J. 2014. Natural and anthropogenic influences on the year-
round temperature dynamics of air and water in Postojna show cave,
Slovenia. Tour Manag 40: 233-243. DOI: 10.1016/j.tourman.2013.06.011.

Simdes MH, Souza-Silva M, Ferreira RL. 2015. Cave physical attributes
influencing the structure of terrestrial invertebrate communities in
Neotropics. Subterr Biol 16: 103-121. DOI: 10.3897/subtbiol.16.5470.

Stroj A, Briski M, Ostri¢ M. 2020. Study of groundwater flow properties
in a karst system by coupled analysis of diverse environmental tracers
and discharge dynamics. Water 12: 2442. DOI: 10.3390/w12092442.

Sun S, Li L, Wang J, Shi S, Song S, Fang Z, Ba X, Jin H. 2018. Karst
development mechanism and characteristics based on comprehensive
exploration along Jinan Metro, China. Sustainability 10: 3383. DOI:
10.3390/5u10103383.

Trajano E, de Carvalho MR. 2017. Towards a biologically meaningful
classification of subterranean organisms: A critical analysis of the
Schiner-Racovitza system from a historical perspective, difficulties of
its application and implications for conservation. Subterr Biol 22: 1-
26. DOI: 10.3897/subthiol.22.9759.

Wurster CM, Munksgaard N, Zwart C, Bird M. 2015. The
biogeochemistry of insectivorous cave guano: A case study from
insular Southeast Asia. Biogeochemistry 124 (1-3): 163-175. DOI:
10.1007/s10533-015-0089-0.

Wynne JJ, Howarth FG, Sommer S, Dickson BG. 2019. Fifty years of
cave arthropod sampling: Techniques and best practices. Intl J Speleol
48 (1): 33-48. DOI: 10.5038/1827-806X.48.1.2231.

Zahirovic S, Seton M, Miller RD. 2014. The cretaceous and cenozoic
tectonic evolution of Southeast Asia. Solid Earth 5 (1): 227-273. DOI:
10.5194/se-5-227-2014.



