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Shqw caves Cave crickets are considered as a keystone species that can be used as a cave eco-
habitat dlstur‘t?ances system bioindicator. Developing caves as tourism has considerable potential to
keystone species disturb cave cricket populations. This study aimed to investigate cave cricket popu-
katst cave ecosystem lation structure and their habitat preference in Sanghyang Kenit cave one year after

conservation it developed into a show cave. Data were collected through standardized visual
Submitted: searching in three cave zones: entrance, twilight, and dark. Besides cave crickets,
15 February 2022 other macroarthropods discovered in each zone were also recorded. Abiotic pa-
Accepted: rameters of habitat comprised air and soil temperatures, RH, soil moisture, soil
22 Al_lguSt 2022 pH, and light intensity were measured. Data were analyzed to show cave crickets
Published: abundance, density, sex ratio, and age structure. Statistical analysis comprising
07 Qctober 2022 Kruskal Wallis, non-metric multidimensional scaling, and correlation tests were
Edltof: o petformed. The cave cricket population in Sanghyang Kenit belonged to a single
Ardaning Nuriliani species, Rhaphidophora sp. The population was around 78-108 individuals and dis-

tributed in all cave zones. The abundance and density in twilight and datrk zones
were significantly higher than in the entrance. The number of males outperformed
females with a 2.16 ratio. Besides, the population was dominated by the sub-adult
class. Environmental parameters of twilight and dark zones tended to be similar to
one another compared to the entrance. Cave crickets preferred habitats with dark,
humid, and acidic soil pH. Hezergpoda sp. and Catagaeus sp. were considered poten-
tial predators. This study implies the importance of protecting cave crickets in
Sanghyang Kenit.

Copyright: © 2022, J. Tropical Biodiversity Biotechnology (CC BY-SA 4.0)

INTRODUCTION

Caves represent several extreme environments that generate unique ecosys-
tem characters. The typical cave environments include total darkness, high
humidity, and a stable microclimate (Prous et al. 2015; Kurniawan & Rah-
madi 2019). Besides, caves are well-known as one of the most challenging
environments for organisms due to the absence of sunlight, which limits vis-
ual organs from working properly. The darkness also inhibits photosynthetic
organisms, resulting in low food availability and/or variation (Ravn et al.

2020). Caves biodiversity is generally lower than surface ecosystems because
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those extreme conditions act as limiting factors for a diverse group of living
creatures (Prakarsa et al. 2021). Caves only can be inhabited by adaptive taxa
that can cope with such a harsh environment. Therefore, caves and their bio-
diversity are unique and extremely sensitive (Mammola 2019).

All inhabited cave animals can be referred to as cavernicoles. These
animals are classified into three groups according to their degree of cave ad-
aptations and cave usages as their habitat: troglophile, trogloxene
(subtroglophile), and troglobite/troglobiont (Howarth & Moldovan 2018a).
Troglophiles are permanent resident of cave habitats, which also can inhabit
surface habitats. Trogloxenes are partial cave dwellers that must leave caves
periodically for biological functions, such as feeding. Meanwhile, troglobites
are obligate cave animals that only can live exclusively in the caves realm
(Culver & Pipan 2009; Prakarsa et al. 2021).

One of the essential cave-dwelling animals is cave crickets. Taxonomi-
cally, they belong to order Orthoptera, suborder Ensifera, and family Rhaphi-
dophoridae. This family consists of more than 550 described species distrib-
uted into 80 genera (Ingrisch & Rentz 2009). All the family members have a
humpbacked morphological appearance, relatively larger body size than the
common cricket (subfamily Gryllinae), and are wingless. Moreover, they also
can be recognized from their long antennae and strong enlarged hind legs (D1
Russo & Rampini 2017; Song et al. 2020). All rhaphidophorids are nocturnal
(Allegrucci et al. 2010). They occur in various humid habitats such as under
logs, rocks, damp humus, tree holes, and many species restricted to caves
(Epps et al. 2014; Hu et al. 2014). The cave dwellers are called cave crickets
or cave weta, while surface inhabitants are known as camel crickets or spider
crickets. Cave crickets are categorized as troglophiles that can complete their
whole life cycle in caves. However, they can also be classified as trogloxene
since several species periodically leave caves at night, mainly for foraging
(Deharveng & Bedos 2012; Chandoo et al. 2013).

The existence of cave crickets population is vital for the continuity of
caves ecosystem because it provides food for many cavernicoles. In Indone-
sian caves, cave crickets are the main prey for many predatory species, in-
cluding whip spiders (order Amblypygi), huntsman spiders (family Sparassi-
dae), and centipedes (order Scutigeromorpha) (Kurniawan & Rahmadi 2019;
Prakarsa et al. 2021). In temperate caves where bats’ guano supply is limited,
their droppings and carcasses are the primary food sources for other cave-
dwellers. Besides, their eggs are also consumed by smaller-sized arthropod
groups like carabid beetles (Lavoie et al. 2007; Culver & Pipan 2009). Thus,
cave crickets are often considered as keystone species in many cave ecosys-
tems (Yoder et al. 2010; Epps et al. 2014).

Caves ecosystem in Indonesia has been experiencing escalated threats
due to overexploitation by humans. Besides the rising numbers of extractive
industries such as limestone quarries (Mulyani 2011; Subekti 20106), the in-
crease of human visits to caves, mainly for tourism purposes, is a significant

challenge for caves ecosystem continuity (Kurniawan & Rahmadi 2019;
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Kurniawan et al. 2020). Caves have exciting attributes, such as beautiful spe-
leothems or cave ornaments and cultural, historical, and religious values, that
can attract people. Thus, many caves are developed as show caves, i.e., natu-
ral caves opened to public as tourist attractions. Several previous studies re-
vealed that intense human visits to caves could alter cave microclimate condi-
tions, including increased air temperature and COz concentration, and aero-
biological content (Fernandez-Cortes et al. 2011; Pacheco et al. 2020). Those
environmental changes can bring serious menace for cave-dwelling animals
resulting in population decrease and biodiversity loss.

Nowadays, the cave tourism industry in Indonesia is on a positive
trend because of the excellent response from the community. This trend
leads the opening of many new show caves, including Sanghyang Kenit, a
show cave situated in West Java Province. This cave has been operated as a
tourist place since 2019 and is managed by the local community. According
to the preliminary observation of this study, the cave was inhabited by cave
crickets. This study aimed to investigate cave cricket population structure and
habitat preference in Sanghyang Kenit. Investigation related to the cave
cricket population is essential to provide a baseline condition of a keystone
species that can be used to detect ecological changes caused by tourism activ-

ities.

MATERIALS AND METHODS

Study Site

This study was conducted in Sanghyang Kenit cave, located in the Citatah
karst area. This cave is administratively situated in the Cipatat sub-district,
Bandung Barat district, West Java province, at the geographical coordinate 6°
51’35” § 107°20°51” E (Figure 1). The cave entrance is moderate in size and
located in the Citarum riverside. This cave has a horizontal passage approxi-
mately 400 m in length, divided into three zones: entrance, twilight, and dark.
The cave passage is a part of the Citarum drainage basin which is naturally
passed by a high level of water current. Still, the Saguling hydroelectric power
plant decreases the water flow, making it possible for humans to visit the
cave. Sanghyang Kenit has both terrestrial and aquatic types of habitats. The
terrestrial habitat consists of rocks, pebbles, soils, and sand substrates. The
cave ceiling was inhabited by insectivorous bat populations that generated

guano piles on the cave floor.

Field Data Collection

Data collection was carried out through a visual searching method by
hand collecting and direct counting (Wynne et al. 2019). All visible cave
cricket individuals during cave explorations were captured directly by hand
with the help of gloves, small hand nets, and tweezers. The collection was
conducted during daylight (1.00-4.30 pm) with three repetitions for each cave
zone starting from the entrance, twilight, and dark zones. The method was

standardized by a similar duration of sampling efforts (30 minutes per zone)
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Figure 1. The location of Sanghyang Kenit cave and several images of its passage conditions.

and performed by three collectors, with good experience collecting cave-
dwelling arthropods. Every collector was assigned to collect data in the dif-
ferent sampling areas, namely the right, left, and middle parts of the cave pas-
sage.

All collected cave crickets from each zone were placed in a container
box to be counted for their number of individuals and categorized into sex
and age class. The number of individuals was calculated by hand tally coun-
ter. Sex categotization (male/female) was distinguished based on the pres-
ence and absence of an ovipositor. At the same time, age structure was esti-
mated based on three different body size categories (Carchini et al. 1994),
namely small (< 3 cm), medium (3-5 cm), and large (> 5 cm). The classifica-
tion of cave crickets based on their body size aimed to reveal the age propor-
tion among juvenile (small), sub-adult (moderate), and adult (large) classes
within the population. Cave crickets were released into their habitat immedi-
ately after the measurements were completed. Several individuals from each
sex and body size category were carried off and preserved using 70% alcohol
for morphological and morphometrical studies in the laboratory.

Along with the cave cricket collection, the richness and the number of
individuals of the other cave-dwelling arthropods were also recorded. The
data were used to detect potential predators and competitors of cave crickets.
All collected arthropods were identified based on morphological characters
up to the lowest possible taxon category. Besides, they were also classified

into their role in the cave ecosystem.
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Abiotic Parameters Measurement

Several associated abiotic parameters were measured during the study. Abiot-
ic parameters were utilized to describe the habitat characteristic and its rela-
tion to cave cricket population. Soil and air temperatures, relative humidity
(RH), soil moisture, light intensity, and soil pH were among the abiotic pa-
rameters that were assessed. Soil moisture and pH were measured using soil
tester (Takemura DM-5), light intensity using light meter (Lutron 1.X-100),
RH and air temperature using thermo-hygrometer (HTC-1), while soil tem-
perature using soil thermometer (71200.080-vr). The measurements were
conducted after the animal collection was completed. Each parameter was
measured five times for each zone with three repetitions in the different sam-
pling efforts. In addition, the total area of each zone was also estimated by
measuring the length and width of the cave passage. The total area was used

to calculate population density.

Data Analysis
The population structure was indicated by calculating the cave cricket abun-
dance, density, sex ratio, and age structure. The formulas for each aspect are
provided as follow:
Abundance:
£
N = Z Ni
i=1
where
N  :abundance index

Ni  :the number of individuals of targeted species,

Density:

1ni
Di =—
A

where

Di  : density of targeted species

ni : the number of individuals of targeted species
A :the total of the studied area (m?)
Sex ratio:

;=

vl

where

X :sex ratio of targeted species

] : the number of male individuals
B : the number of female individuals
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Meanwhile, the age structure analysis was carried out by comparing the rela-
tive abundance of each size category. The formula of relative abundance is as
follow:

The number of Individual a size category
Relative Abundance (%) = — . x 10004
Total Number of Individual all size category

Several statistical analyses were performed for different purposes. The
Kruskal Wallis test was used to determine the abundance and density differ-
ences among cave zones. The test was processed using SPSS version 25. To
highlight similarity and dissimilarity among cave zones according to their
measured abiotic parameters and their relationship with cave cricket abun-
dance, non-metric multidimensional scaling (NMDS) was performed. On the
other hand, a correlation test was conducted to show the relatedness of cave
cricket population with the other arthropod species discovered in the cave.
NMDS and correlation tests were processed using R Studio under Vegan
(function: metaMDS and combined with envfit) (Oksanen et al. 2020) and
Corrplot packages (function: corrplot(cor) (Wei & Simko 2021), respectively.
The results of the analyses were presented as table, plot, and graph to make

better visualization and interpretation.

RESULTS AND DISCUSSION

Cave crickets occurring in Sanghyang Kenit consisted of only a single spe-
cies. This species belonged to subfamily Rhaphidophorinae and ge-
nus Rhaphidophora. The typical characteristics of this subfamily include wing-
less, undeveloped sound organs, and membranous genitalia without complex
structures. There are two genera from this subfamily that bear a great degree
of similarity in Indonesia area: Rbaphidophora and Stonycophora. The Sanghyang
Kenit population is classified into Rbaphidophora due to the absence of large
copulatory processes on the male abdomen, which differs
from Stonycophora (D1 Russo & Rampini 2017). Moreover, Stonycophora was
never reported inhabiting caves previously. Males can be easily distinguished

from females by the absence of ovipositors (Figure 2b).

Figure 2. a) Sanghyang Kenit’s cave crickets habitus, b). Comparison of female and male morphology.
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There are two known genera of cave crickets living in Java: Diestram-
mena and Rhaphidophora (Rahmadi 2008). Up to recently, the distribution of
these two genera is still unclear and seems to overlap. But many previous
cave-dwelling arthropods studies had revealed that Rhaphidophora occurred in
many karst area in Java including Tuban, Gunungsewu, Cilacap, Tasikmalaya,
and Ciampea (Rahmadi 2002; Rahmadi & Suhardjono 2007; Prakarsa & Ah-
madin 2017; Kurniawan et al. 2018a; Hasibuan & Lidiawati 2020; Hidayatur-
rohmah et al. 2021). Overall, at least 12 species belonging to genus Rhaphi-
dophora have been described from Java, but only two species are reported to
occupy cave realm. These species are R. dammermani and R. debaani (Prakarsa
et al. 2021). It is challenging to distinguish these two species based on mor-
phological character because it needs specific taxonomical expertise. Moreo-
ver, the available references for these two species are limited. Thus, most
previous studies only justified cave crickets until genera level and commonly
used a uniform name, Rbaphidophora sp. Only a few studies had named cave
crickets until species level, but, likely, the justifications were not made based
on morphological characters but biogeographical evidence instead. Consider-
ing this approach, the species of Sanghyang Kenit’'s population can be sus-
pected as R. dammermani. 1t is because the geographical location of the Ci-
tatah karst area is not far from Ciampea in Bogor, where the first specimens
of this species were collected (Rahmadi 2011). A further sophisticated taxo-

nomical study is needed to prove this hypothesis.

Abundance and Density

Cave crickets in Sanghyang Kenit were distributed in all cave zones. Howev-
er, the number of individuals that occurred in each cave zone was highly dif-
ferent (Figure 3). The difference is confirmed by the result of Kruskal Wallis
test, which shows a lower significant value than o (x < 0.05). Most cave
crickets were discovered in dark zone with 60-79 individuals, followed by
twilight zone (16-26 individuals). The smallest abundance was in entrance
zone, where only 2-4 individuals were recorded. Overall, around 78-109 indi-

viduals of cave crickets inhabited Sanghyang Kenit.
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Figure 3. Comparison of cave cricket abundance across different cave zones. The

different letter indicates different abundance among cave zones.
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Even the cave has been operated as a tourist attraction, the population
of cave crickets was still in great abundance. This abundance is relatively
higher than previous cave cricket populations monitoring in the other show
caves in Java. The study conducted by Kurniawan et al. (2017), performed by
a similar sampling technique, demonstrated that cave cricket populations in
the frequently visited show caves in the Gunungsewu karst area were only
around 5-24 individuals. Furthermore, the study also revealed that wild caves
were inhabited by more abundant cave crickets, with about 56-180 recorded
individuals. As mentioned previously, Sanghyang Kenit is a new show cave
where human visit is less intense. Minor disturbance allows the population to
thrive prosperously.

In line with abundance, the cave cricket density among cave zones was
also significantly different (« < 0.05). However, the density in twilight and
dark zones was relatively similar (Table 1). The entrance hosts the most sig-
nificant area (3000 m?2), but the abundance of cave crickets in the zone was
fewer. This result indicates that space is not the main factor deciding cave
cricket distributions in caves. The difference in environmental parameters

among cave zones is considered as the most important driving factor.

Table 1. The density of cave crickets across different cave zonation.

Cave Zone Mean of Abundance Zone Area Density
(Individuals) (m?) (Ind/m?)*
Entrance 3 3000 0.001a
Twilight 22.67 690 0.032b
Dark 70.33 1800 0.039b

*Kruskal Wallis test is significant at & = 0.05. The different letter illustrates

different density among cave zones.

Only few previous studies contained information regarding cave crick-
et density. Carchini et al. (1994) demonstrated that during three years of con-
tinuous monitoring of a cave cricket population (Dolichopoda genicnlata), the
density fluctuated but was always lower than one individual/m2 However,
the study was conducted in the temperate region, where caves condition is
significantly different from the tropical region. Unfortunately, there is no
published data about cave cricket density from Indonesian species for com-
parison.

The comparison of cave cricket density among cave zones (Table 1)
shows that the value increases from the entrance to the dark zone. This result
shows a similar pattern with the previous study conducted by Carchini et al.
(1994), which revealed that density in the deeper area of a cave was essential-
ly higher than near entrance area. However, the density between twilight and
dark zones in this study was not statistically different. Most animals belong-
ing to troglophiles are commonly abundant in twilight and dark zones due to
preferable microclimate conditions suitable for this group (Howarth & Mol-
dovan 2018b).
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Sex Ratio

The result of the sex ratio analysis illustrates that males predominated in all
cave zones. The sex ratio varied from 2.10 to 3.50. Overall, the number of
males was twice higher than females (Table 2). Several previous studies had
examined the sex ratio of different cave cricket species, and the results were
highly varied. Lavoie et al. (2007) reported that a cave cricket species from
the genus Hadenoecus had significantly more females than males, while Bernar-
dini & Di Russo (2004) said a fair sex ratio (1:1) in the genus Dolichopoda. Up
to the present, there is no specific information about the sex ratio of the ge-
nus Rbaphidophora.

Table 2. The sex ratio of cave cricket across different cave zonation.

Cave Zone Mean of Abundance (Individuals) Sex Ratio (Male/
Male Female Female)

Entrance 2.33 0.67 3.50

Twilight 15.67 7 2.23

Dark 47.67 22.67 2.10

Total 65.67 30.33 2.16

Most rhaphidophorids appear to have a polyandry mating system
where females mate with more than one male (Fea & Holwell 2018). One
essential benefit of this mating system is a sufficient sperm supply that im-
proves fertilization probability (Slatyer et al. 2012). However, even though
females can copulate with multiple males, rhaphidophorids and other ensifer-
ans commonly have various mechanisms to control fertilization success more
toward one male than other mates. There are compelling evidences of cryptic
female choice mechanisms in which females manage fertilization in their fa-
vor. The mechanisms include manipulation of spermatophore attachment
duration, sperm uptake regulation, re-copulation with the same male, modifi-
cation in the rate of oviposition and/or the differential allocation of re-
sources to eggs, and persistence during mating (Vahed 2015). Conversely,
intraspecific competition among males to fight over females is evident within
raphidophorids (Stritih & Cokl 2012). Sometimes, the agonistic behavior of
males involves physical conflict (male-male combat). Thus, males have a par-
ticular structure on their hind legs used as armament. At the same time, it is
also utilized to capture and grasp females during copulation (Conroy & Gray
2015).

Age Structure

The relative abundance (RA) comparison among size groups showed a ho-
mogenous pattern across cave zonation. The greatest RA came from the
moderate class, followed by the large class, and the least was the small class
(Figure 4). Thus, the accumulative RA from all zones also indicated a similar
pattern. This result is in accordance with Lavoie et al. (2007), which reported
the predominance of adult to juvenile. However, the comparison between

sub-adult and adult was inconsistent with Carchini et al. (1994), that showed
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the domination of adult to sub-adult. In contrast, this study revealed the op-
posite result.

Carchini et al. (1991) revealed that age structure within cave crickets
populations was diverse and highly dependent on the season and the natural
condition of inhabited caves. According to the study, the population of cave
crickets in artificial caves is extremely seasonal since food resources and cli-
matic conditions mainly rely on surface environments. Nevertheless, in natu-
ral caves, where colonization is older and climatic condition less fluctuates,
age structure tends to be more stable. However, further investigation and
continuous monitoring, which cover both rainy and dry seasons, are needed
to confirm whether the age structure of the Sanghyang Kenit’s population is
seasonal or year-round.

The domination of the sub-adult class is a good indicator for the sus-
tainability of cave cricket population in Sanghyang Kenit. This domination
indicates that the population is on a positive trend since many individuals are
achieving sexual maturity. According to this, the reproduction rate probabil-
ity is projected to increase, generating new individuals. As mentioned previ-
ously, cave crickets are a keystone species that provide food for a diverse
group of cave-dwellers, both when they are in the form of eggs, nymphs, and
adults (Culver & White 2012; Kurniawan & Rahmadi 2019). Therefore, the
successful reproduction of cave crickets will guarantee their existence and the

other species that rely on them (Benoit et al. 2004).
. . . . .
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Figure 4. Comparison of relative abundance among size groups across cave zona-

tion.

Habitat Preference based on Environmental Parameters

The results of abiotic environmental parameters measurement were varied
across cave zonation. Nevertheless, twilight and dark zones embraced a re-
markable similarity to one another than the entrance. This result is in line
with previous studies that also indicated the same (Kurniawan et al. 2018b).

NMDS output presented in Figure 5 illustrates that the similarity between
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those two zones occurred in almost all measured environmental parameters.
In contrast, the entrance zone had a higher light intensity, air and soil tem-
peratures, and soil pH, while relative humidity and soil moisture were signifi-
cantly lower than in twilight and dark zones.

According to the cave cricket abundance and density that have been
already discussed, it can be inferred that cave crickets in Sanghyang Kenit
preferred twilight and dark zones as their habitat. Figure 5 also showed that
abundance (blue arrow) steers from the area of twilight zone towards dark
zone. This preference matched the environmental condition where both
zones tended to be similar in most measured parameters. Hu et al. (2014) and
Epps et al. (2014) mentioned that most cave crickets prefer dark and humid
places since they are nocturnal animals. Low light intensity and high humidity
were the characters of twilight and dark zones. In this regard, cave crickets
were abundant in those two zones.

Cave crickets possess several morphological adaptations that support
them to thrive in dark and humid environments. Even cave crickets have
eyes, limited sunlight or total darkness in caves obstruct their visual organs
from working propetly. But, cave crickets have elongated appendages, partic-
ularly antennae, which they use as a sensory organ for orientation (Culver &
Pipan 2009). In addition, they also have elongated legs that may be used for
walking on irregular surfaces in the darkness (Lavoie et al. 2007). High hu-
midity is stressful for most surface animals, but it brings crucial benefits to
cave cricket’s life. Compared to their surface relatives, the outer cuticle of
cave crickets is significantly thinner, making them very sensitive to moisture
loss caused by sunlight exposure, high temperature, and low humidity. Stay-

ing in humid caves prevents them from experiencing such dreadful evapora-
tion (Lavoie et al. 2007; Howarth & Moldovan 2018a).

Light Intensity
TWIllght ' Soil Moisture
Air Temperature h%"‘"m_.,,h
ilpH N
Soil Temperat
Relative Humiedjty
Abundance
I I I I I I
-0.4 -0.3 -0.2 -01 0.0 0.1

NMDS1

Figure 5. Relatedness among cave zones based on environmental parameters and its relation with cave cricket abun-

dance.
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Another essential factor promoting cave cricket preference over twi-
light and dark zones is food availability, particularly bats guano. This kind of
organic matter is the most critical food source in tropical caves (Kovac
2018). A considerable proportion of cave-dwelling animals are guano-
dependent, including cave crickets (Moulds 2004; Ferreira 2019). Bats popu-
lation in Sanghyang Kenit was distributed from twilight to dark zones, which
generated guano piles on the cave floor. Commensurate with cave crickets,
bats prefer humid and dark places for their roosting sites (Furey & Racey
2016; Lizarro et al. 2020; Newman et al. 2021). The measurement of soil pH
showed that twilight and dark zones have more acidic pH than the entrance.
This is caused by guano deposits spread in those zones since guano has acid-
ic pH (Mazebedi & Hesselberg 2020). Multiple studies have examined that
guano was one of the main deciding factors for distribution, composition,
and abundance of various cave-dwelling animals belonging to troglophiles
and troglobiont (Tobin et al. 2013; Iskali & Zhang 2015). Therefore, conser-
vation of cave crickets and other troglophiles in Sanghyang Kenit can be car-

ried out by maintaining the bats population inside the cave.

Potential Predator and Competitor

Six other macroarthropods species were successfully recorded during the
study. Those species are distributed into two classes (Arachnida and Insecta)
and four orders (Aranea, Amblypygi, Blattodea, and Hymenoptera). These
groups are well-known to have cavernicolous representatives (Romero 2009;
Prakarsa et al. 2021). According to their roles in the ecosystem, most species
are true predators, and only a single species acts as a detritivore. In addition,
they occupied different cave zones. There were three species exclusively in-
habiting entrance, two species in dark zone, and one species that occurred
both in entrance and twilight zones (Table 3).

According to the correlation test result presented in correlogram
(Figure 0), it can be seen that there are two species of macroarthropods hav-
ing a strong positive correlation with cave cricket abundance, namely Hezer-
opoda sp. and Catagaens sp. This is indicated by the almost perfect circle form
with dark blue in the correlogram between Rhaphidophora sp and the two
mentioned species. This relation happened because Heseropoda sp. and Cata-
gaeus sp. individuals were concentrated only in dark zone where cave crickets

were abundant. Several studies have documented predatory activities of those

Table 3. The list of other macroarthropods in Sanghyang Kenit with their role and distribution within cave passage.

Class Order Morphospecies Ecological Role  Distribution
Arachnida Araneae Heteropoda sp. Predator Dark
Araneus sp. Predator Entrance
Pholeus sp. Predator Entrance
Amblypygi Catagaeus sp. Predator Dark
Insecta Blattodea Periplaneta americana Detritivore Entrance, Twilight
Hymenoptera Polistes sp. Predator Entrance
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two species to cave crickets in many Indonesian caves (Kurniawan & Rah-
madi 2019; Prakarsa et al. 2021). Thus, the species were considered as poten-

tial predators for cave crickets.
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Figure 6. Correlation between cave crickets and the other recorded macroarthro-
pods. A correlation of 1 (solid blue) indicates a perfect positive correlation, while -1

(solid red) depicts a perfect negative correlation.

The existence of predators indicates that cave crickets are an essential
component of the cave’s food web. Their population can influence the fate
of upper trophic level species. In other words, disturbance of cave cricket
population can indirectly affect those two predators’ survival. This result im-
plies an essential suggestion to the Sanghyang Kenit’ show cave managers to
ensure they manage the cave wisely. As previously discussed, intensely visited
show caves appear to have a lower abundance of cave crickets than wild
caves (Kurniawan et al. 2017). This strongly indicates that uncontrolled tour-
ism activities can disturb cave crickets, resulting in population decline.

Among recorded arthropods, only one species can potentially be com-
petitor for cave crickets, namely cockroaches (Periplaneta americana). This spe-
cies was the only detritivore recorded during the sampling efforts. Like cave
crickets, many cave-dwelling cockroaches are also guano consumers
(Rahmadi & Suhardjono 2007; Ferreira 2019). They are common in a cave
with rich guano deposits, and many are restricted to living in guano
(guanobites) (Lucafias & Lit 2016). However, the competition likelihood for
food between cave crickets and cockroaches in Sanghyang Kenit is consid-
ered low. According to their distribution within the cave, both species prefer
different habitats. Cockroaches were abundant in entrance and twilight
zones, while most cave crickets were concentrated in twilight and dark zones.
There was a prospective competition in twilight zone where many individuals

from both species gathered. But considering enough guano availability and
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their ability to leave the cave for foraging at night (since twilight zone is close
to entrance), they are unlikely to compete for food in the cave. In this regard,

they could coexist appropriately in the same area.

CONCLUSION

The cave cricket population that occurred in Sanghyang Kenit belongs to
Rbaphidophora sp. This species was distributed in all cave zones with a total
population of around 78-108 individuals. However, the abundance and densi-
ty of cave crickets in twilight and dark zones were greater than entrance
zone. Males predominated females with a sex ratio of 2.16. Moreover, the
population was in a positive trend since the sub-adult class was dominating.
Cave crickets preferred specific habitats with low light intensity, high humidi-
ty, and acidic pH. Two species of arthropods were considered potential pred-
ators, namely Heteropoda sp. and Catagaeus sp. This study implies the im-
portance of protecting cave crickets in Sanghyang Kenit since the population
is still growing and highly relies on the natural condition of the cave environ-
ment. Besides, they also play a vital role in the cave food web. Therefore,
tourism activity in the cave should be managed wisely to prevent disturb-

ances in the cave cricket population.
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