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Abstract. Kurniawan ID, Rahmadi C, Caraka RE, Ardi TE. 2018. Short Communication: Cave-dwelling Arthropod community of 
Semedi Show Cave in Gunungsewu Karst Area, Pacitan, East Java, Indonesia. Biodiversitas 19: 857-866. Arthropods are a major group 
of animals which have significant roles in maintaining cave ecosystem stability. Semedi is a new show cave, but information about 
arthropods in this cave was not available. The use of cave as a tourist attraction will bring environmental changes which potentially 
disturb cave-dwelling arthropod community. This study aimed to measure arthropod diversity and their relation to abiotic factors in 
Semedi Show Cave. Arthropods were sampled by hand collecting, a combination of pitfall and bait traps, and Berlese extractor. Abiotic 
factors measured were climatic and edaphic parameters. Sampling was conducted in the 3 zones of Semedi cave (Entrance, Twilight, 
and Dark). Data were analyzed by calculation of richness (Margalef), diversity and evenness (Shannon-Wiener) indices, cluster and 
correlation analyses. A total 1095 individuals of arthropods consisting of 102 morphospecies, belonging to 6 Classes, and 19 Orders 
were sampled during this study. The entrance zone had higher richness and diversity indices (richness=12.80, diversity=3.40) than the 
twilight zone  (richness=7.85, diversity=3.25) and the dark zone  (richness=5.35, diversity=2.63). Meanwhile, the twilight zone had 
higher evenness index (0.85) than the entrance zone (0.77) and the dark zone (0.77). Each zone of Semedi cave had different abiotic 
conditions. Abiotic conditions and Arthropod communities in the twilight and dark zones were more similar to each other than to those 
of the entrance zone. The statistical analyses showed that there were significant correlations between abiotic factors and arthropod 
communities. Semedi had various cave-dwelling arthropods. Sustainable management of show cave should be applied to minimize the 
destructive impact of tourism activities on the cave arthropod community. 
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INTRODUCTION  

Cave is a unique environment with relatively stable 
climatic conditions. This environment is characterized by 
the permanent absence of light, high air humidity, stable 
temperature, high CO2 and often limited food resources 
(Palacious-Vargas et al. 2011; Simoes et al. 2015; Bento et 
al. 2016). This extreme environmental condition becomes a 
selective force for many lives so that only particular 
species can live and thrive in the typical cave environment 
(Howarth 2009; Romero 2009; Culver and White 2012). 
Arthropods are the most diverse and abundant group of 
animals living in cave ecosystem, not only in term of 
species richness but also in its roles in the ecosystem  
(Romero 2009). Arthropods can act as predators, 
decomposers and also food sources for other cave 
organisms (Suhardjono et al. 2012). Arthropods play 
critical roles in maintaining cave ecosystem stability 
(Rahmadi 2002). Disturbance on the Arthropod community 
in cave ecosystem can disrupt other organisms’ life or 
destroying the entire cave ecosystem.  

The threat to cave ecosystem sustainability has 
increased recently. Besides the impacts of extractive 
industry activities such as cement and phosphate mines, 
and pollution, particularly water pollution in caves with 
underground river systems, the development of caves into 
tourist attractions (show caves) is also one of the severe 
threats to cave ecosystem sustainability.  Some previous 
studies indicated that cave development for tourism is 
identified as one of the major threats to cave biodiversity in 
particular and ecosystem in general (Macud and Nuneza 
2014). 

Many new show caves in Indonesia are now being 
developed. Some caves in Indonesia are even developed 
into mass tourism. Indeed, currently, show caves in 
Indonesia are becoming a trend and able to attract many 
visitors. As an interesting example is Gong cave in Pacitan 
Regency, East Java that can attract more than 250,000 
visitors and contributes more than USD 200,000 per year  
(Kurniawan et al. 2017). Unfortunately, show caves are 
often managed to promote economic benefits only, without 
considering the ecological aspect. Some infrastructures of 
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cave often need to be constructed to add attraction and 
ensure the safety of visitors, but these can change the 
environmental conditions of the cave. In fact, the cave 
ecosystem is highly susceptible to disturbances resulting 
from human activities. If it is damaged, it will be difficult 
to recover (Fernandez-Cortez et al. 2011; Jones 2016). The 
damage can even occur before the ecosystem condition of a 
cave is known, because many show caves are developed 
without a prior study on ecological aspects. 

If the environmental factors are managed properly, 
utilization of caves as a tourist attraction is an essential 
aspect of improving the economic level of the local society. 
The presence of show caves enhances many job 
opportunities, so it becomes one of the solutions to reduce 
poverty. Besides, this type of utilization is also considered 
more sustainable and ecologically friendly.  

Developing sustainable show cave requires 
comprehensive evaluation. So far, evaluation of show 
caves management in Indonesia has never been conducted. 
One of the main difficulties in the evaluation process is the 
lack of data of the initial condition of the cave ecosystem. 
This condition makes it difficult to know the dynamics of 
ecosystem changes that occur, so the negative impact of 
tourism activity on the ecosystem is hard to detect. 
Research on the initial condition of show caves ecosystem 
is fundamental to undertake. The availability of secondary 
data will be a substantial basis for evaluating show caves 
management. 

Semedi is a new show cave located in Gunungsewu 
karst area, Pacitan Regency, East Java. Gunungsewu has 
been designated as a Global Geopark Network (GGN 

UNESCO) in which conservation is one of the most 
important aspects that should be considered in every single 
development in this karst area. Semedi has been developed 
into a show cave since 2016 and managed by the local 
society. The construction of infrastructure in the form of 
electric lights and widening of cave passages had been 
done. Also, the use of a hazardous chemical substance such 
as mothballs has been done in this cave. Mothball contains 
naphthalene, an active compound with toxic effects for 
insects (Fleming and Baker 1934). Information about the 
initial ecological condition of Semedi cave about 
Arthropod community, in particular, was not available yet. 
Therefore, this study aimed to measure the arthropod 
diversity and their relation with abiotic factors in Semedi 
cave. The results of this study are expected to be used as 
the basic and scientific considerations in the evaluation of 
Semedi cave management in particular and other show 
caves in general. 

 MATERIALS AND METHODS  

This study was conducted at Semedi cave located in 
Gunungsewu karst area, Indonesia (8.1567°S 111.0256°E). 
Samplings were taken during January-February 2017. The 
cave was divided into three communities, determined based 
on cave zones: entrance, twilight and dark zones (Culver 
and White 2005). Semedi has simple cave system with two 
entrances to make zone condition repeated. Semedi 
location and passage conditions can be seen in Figure 1.  

 
 
 

 

 
 
Figure 1. The location of Semedi Cave in Gunungsewu karst area, southern Java, Indonesia (left) and Semedi’s Passage Conditions (right) 
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Arthropods sampling 
Arthropods were sampled by hand collection (direct 

collection), pitfall and baits traps, and soil extraction with 
modified Berlese extractor. The direct collection made with 
the help of gloves, brushes, and tweezers for 90 minutes 
(30 minutes x 3 observers) in each zone. Pitfall traps were 
made by vial bottles (5 cm in diameter) filled with 96% 
alcohol and glycerin (9:1 in ratio), while the bait traps were 
based on Hunt and Millar (2001) design with cheese bait. 
Pitfall traps were installed in each zone, 5 pieces each, 
while the bait traps were two pieces and left for 48 hours. 
The modified Berlese extractor used 15W bulb lamps and 
was placed 20 cm above the samples.  For each zone,  two 
soil samples, each of which was one liter,  were taken and 
extracted for 4-6 days. All collected Arthropods were 
identified based on morphological characters to the lowest 
possible taxon level. 

Abiotic sampling 
Abiotic measurements included climatic and edaphic 

factors. Climatic factor measurement was performed 
directly in the field. Light intensity was measured using lux 
meter (Lutron LX-107), air temperature and humidity using 
logger (eTemperature version 8.31), while CO2 level using 
CO2 meter (Telaire T7001). The edaphic factor measured 
was soil temperature, carried out directly in the field using 
soil thermometers. Besides, soil samples were collected 
and tested in the laboratory of the Agency for Agricultural 
Research and Development in Yogyakarta to measure the 
content of soil organic carbon (SOC), nitrogen (N), 
phosphate (P), soil pH, and moisture. Soil moisture 
measurement was based on wet and dry weight. 

Data analyses 
The data were analyzed by calculating richness index 

according to Margalef:  
 

D    :  
(S − 1)
ln N

     (Dao-Hong 2007) 

 
Diversity and evenness indices according to Shannon-

Wienner: 
  

H’ :  − ∑
i=1

n

Pi ln Pi   (Schowalter 2011) 

 

EH :  
H '
ln S    (Pielou 1966) 

 
 
Besides, we also used cluster analyses using MVSP 

version 3.1 to determine the similarities among 
communities. Statistical analysis was taken through 
correlation analysis using SPSS version 24 to know the 
correlation between abiotic factors and Arthropod 
communities. 

 

RESULTS AND DISCUSSION 

Arthropods taxa  
A total of 1.095 individuals of Arthropod distributed 

among six classes, 19 orders, and 102 morphospecies were 
collected during this study. The list of Arthropod taxa is 
presented in Table 1. 

As seen in Figure 2, Insecta is the most diverse class 
with the most significant number of individuals. This class 
is known to be highly adaptive to new environments and 
environmental changes (Gillot 2005). This capability 
makes it the most dominant group both in terms of 
diversity and abundance in all types of ecosystems, 
including cave ecosystems. Insecta also plays diverse roles 
in the ecosystem. There are three primary functions of this 
class.  As predators such as the member of Hymenoptera, 
Coleoptera  (Staphylinidae, Cucujidae, and Anthicidae), 
Dermaptera, and Diplura; as decomposers such as the 
member of Blattodea, Orthoptera, Diptera, Psocoptera, 
Coleoptera  (Scolytidae and Tenebrionidae), and immature 
insect group  (larvae); and as herbivore such as Orthoptera.  

Arachnida has the second diverse of morphospecies and 
number of individuals after Insecta. Members of this class 
are dominated by Acari (mites) and Aranea (Spiders). Acari 
is mostly concentrated around the organic matter piles in 
the form of bat guano and acts as decomposers, and some 
are known to act as predators. Other Arachnida members 
Aranea, Amblypigi, and Opiliones, all serve as predators.  

Collembola has the third diverse of morphospecies and 
number of individuals. Collembola is separated from 
Insecta and has become a different class. This separation is 
based on the structure of the ventral tube in the first 
segment of ventral collembolan abdomen (Suhardjono et al. 
2012). Members of this class are known as the essential 
decomposer in cave ecosystem. The other three classes 
Diplopoda, Crustacea, and Chilopoda, have relatively 
fewer morphospecies and individuals than the other three 
classes described before. Diplopoda (Spirostreptida: 
Cambalopsidae and Harpagophoridae) and Crustacea  
(Isopoda: Oniscidae and Philosciidae) serve as 
decomposers, while Chilopoda  (Geophilomorpha: 
Mecistochepalidae) acts as a predator. 

  

 
 
Figure 2. Comparison of species numbers and individuals among 
classes of Arthropod in Semedi Cave, Gunungsewu karst area, 
Indonesia   
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Table 1. The list of morphospecies in Semedi Cave, Gunungsewu karst area, Indonesia   
 

Class Order Morphospecies Cave adaptation category Role in ecosystem 

Arachnida Acari Acari sp.1  (Mesostigmata) Troglophile Decomposer 
   Acari sp.2  (Oribatida) Troglophile Predator 

    Acari sp.3  (Oribatida) Troglophile Predator 
    Acari sp.4  (Oribatida) Troglophile Predator 
    Acari sp.5  (Mesostigmata) Troglophile Decomposer 
    Acari sp.6  (Gamasida: Uropodidae) Troglophile Decomposer 
    Acari sp.7  (Oribatida) Troglophile Predator 
    Acari sp.8  (Mesostigmata) Troglophile Decomposer 
    Acari sp.9 Troglophile Decomposer 
    Acari sp.10 Troglophile Decomposer 
    Acari sp.11  (Prostigmata) Troglophile Decomposer 
    Acari sp.12 Troglophile Decomposer 
    Acari sp.13 Troglophile Decomposer 
    Acari sp.14  (Prostigmata) Troglophile Decomposer 
    Acari sp.15 Troglophile Decomposer 
    Acari sp.16  (Prostigmata) Troglophile Decomposer 
  Amblypygi Charotidae  (Charon sp.) Troglophile Predator 
  Aranea Aranea sp.1 Troglophile Predator 
    Aranea sp.2 Troglophile Predator 
    Aranea sp.3 Troglophile Predator 
    Aranea sp.4 Troglophile Predator 
    Aranea sp.5 Troglophile Predator 
    Aranea sp.6 Troglophile Predator 
    Araneidae sp.1 Troglophile Predator 
    Araneidae sp.2 Troglophile Predator 
    Salticidae sp.1 Troglophile Predator 
    Salticidae sp.2 Troglophile Predator 
    Salticidae sp.3 Troglophile Predator 
    Scytodidae sp.1 Troglophile Predator 
    Scytodidae sp.2 Troglophile Predator 
    Oxyopidae Accidental Predator 
    Theridiidae sp.1 Troglophile Predator 
    Theridiidae sp.2 Troglophile Predator 
  Opiliones  (Laniatores) Assamiidae Troglophile Predator 

Chilopoda Geophilomorpha Mecistochepalidae Troglophile Predator 
Collembola Entomobryomorpha Paronellidae  (Ascocyrtus sp.) Troglophile Decomposer 

    Paronellidae  (Salina sp.1) Troglophile Decomposer 
    Paronellidae  (Salina sp.2) Troglophile Decomposer 
    Paronellidae sp. Troglophile Decomposer 
    Cyphoderidae sp.1 Troglophile Decomposer 
    Cyphoderidae sp.2 Troglophile Decomposer 
    Cyphoderidae  (Mimocerus sp.) Troglophile Decomposer 
    Entomobryidae  (Entomobrya sp.) Troglophile Decomposer 
    Entomobryidae  (Siera sp.) Troglophile Decomposer 
    Entomobryidae sp. Troglophile Decomposer 
    Entomobryidae  (Arcocyrtus sp.) Troglophile Decomposer 
    Entomobryidae  (Ascocyrtus sp.) Troglophile Decomposer 
    Isotomidae  (Folsomides sp.1) Troglophile Decomposer 
    Isotomidae  (Folsomides sp.2) Troglophile Decomposer 
    Tomoceridae sp.1 Troglophile Decomposer 
    Tomoceridae sp.2 Troglophile Decomposer 
  Poduromorpha Hypogastruridae  (Hypogastrura sp.) Troglophile Decomposer 
    Neanuridae Troglophile Decomposer 
  Symphypleona Symphypleona sp.1 Troglophile Decomposer 
    Symphypleona sp.2 Troglophile Decomposer 

Crustacea Isopoda Oniscidae Troglobite Decomposer 
    Philosciidae Troglophile Decomposer 

Diplopoda Spirostrepsida Trachyjulus tjampeanus Troglophile Decomposer 
    Harpagophoridae Troglophile Decomposer 

Insecta Blattodea Blaberidae Troglophile Decomposer 
    Blattidae Troglophile Decomposer 
  Coleoptera Anthicidae Troglophile Predator 
    Cucujidae sp.1 Troglophile Decomposer 
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    Cucujidae sp.2 Troglophile Decomposer 
    Scolytidae  (Ambrosiodmus obliques) Troglophile Decomposer 
    Staphylinidae sp.1  (Omalinae) Troglophile Predator 
    Staphylinidae sp.2  (Paederinae) Troglophile Predator 
    Staphylinidae sp.3  (Paederinae) Troglophile Predator 
    Staphylinidae sp.4  (Paederinae) Troglophile Predator 
    Staphylinidae sp.5  (Tachyporinae) Troglophile Predator 
    Tenebrionidae Troglophile Decomposer 
  Dermaptera Anisolabididae Troglophile Predator 
  Diplura Heterojapygidae Troglophile Predator 
  Diptera Diastatidae Troglophile Decomposer 
    Dolichopodidae Troglophile Predator 
    Drosophilidae Troglophile Decomposer 
    Unidentified Troglophile Decomposer 
    Phoridae  (Megaselia sp.) Troglophile Decomposer 
    Psychodidae  Troglophile Decomposer 
    Sciaridae Troglophile Decomposer 
    Tipulidae Accidental Predator 
  Hymenoptera Formicidae sp.1  (Myrmicinae) Troglophile Predator 
    Formicidae sp.2  (Formicinae) Troglophile Predator 
    Formicidae sp.3  (Myrmicinae) Troglophile Predator 
    Formicidae sp.4  (Myrmicinae) Troglophile Predator 
    Formicidae sp.5  (Formicinae) Troglophile Predator 
    Formicidae sp.6  (Ponerinae) Troglophile Predator 
    Formicidae sp.7  (Formicinae) Troglophile Predator 
    Formicidae sp.8  (Dolichoderinae) Troglophile Predator 
    Formicidae sp.9  (Dolichoderinae) Troglophile Predator 
    Unidentified Troglophile Predator 
  Lepidoptera Pyralidae Troglophile Decomposer 
  Orthoptera Acrididae  (Tetrigidae) Accidental Herbivore 
    Rhaphidophoridae  (Rhaphidophora sp.) Troglophile Decomposer 
    Tridactylidae Accidental Herbivore 
  Psocoptera Prionoglarididae Troglophile Decomposer 
  Immature Insect Larvae sp.1  (Coleoptera) Troglophile Decomposer 
    Larvae sp.2 Troglophile Decomposer 
    Larvae sp.3  (Diptera) Troglophile Decomposer 
    Larvae sp.4 Troglophile Decomposer 
    Larvae sp.5 Troglophile Decomposer 
    Larvae sp.6   (Lepidoptera:Tineae) Troglophile Decomposer 

 

 

 
 
Figure 3. Troglobitic Isopod  (Family: Oniscidae)  
 

Based on morphological characters exhibited by the 102 
arthropods species found in this study, there was only one 
species that is considered as troglobites (obligate cave 
species), it is Isopod from the Family of Oniscidae (Figure 
3). The troglobite Isopod shows the troglomorphic features 
in the form of depigmentation and reduction of eyes size 
(Culver and Pipan 2009). Only two individuals of this 
species were successfully collected, and both were found in 
the guano piles. Cave fauna classified as troglobite is 
known to have a small population size and vulnerable to 

extinction (Suhardjono 2011). One of the main considerable 
factors that allegedly cause the low number of troglobitic 
species in the Semedi cave is the relatively short cave 
passage. The biota present in this cave has not been 
completely isolated from the outside environment of the 
cave.  

Most of the species of arthropods found in this study 
belong to troglophile (97 species), while a few others are 
classified as accidental (4 species). Some other species also 
show the troglomorphic features, for examples elongated 
antennae and or legs on cave cricket  (Rhaphidophora sp.) 
and whip spider  (Charon sp.), also eye reduction and 
depigmentation on Collembola  (Fam. Cyphoderidae), but 
those species are not considered as obligate cave dwellers. 
Those species are commonly found in caves, but they can 
also be found in some other habitats that have nearly 
resemble characters of caves (troglophile). Culver and 
White (2005) explain that not all traits showing 
troglomorphy are cave-adapted, but cave-adapted is always 
troglomorphy. It means that the morphological characters 
such as elongated antennae and or legs, depigmentation, 
and reduction of eyes can also be owned by fauna that lives 
outside cave environment. 
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Figure 4. The indexes of richness, diversity, and evenness 
Arthropod in Semedi Cave, Gunungsewu karst area, Indonesia    
 
 
 

 
Figure 5. Difference on species number among different 
sampling techniques 
 

 
 
As seen in Figure 4, richness index shows that the 

entrance zone had the highest species richness, followed by 
the twilight zone and the dark zone. This condition is also 
supported by the data from the use of three different 
sampling techniques in this study that showed a uniform 
pattern. The entrance zone always had the highest species 
richness, followed by the twilight and dark zones  (Figure 
5). These results simultaneously demonstrate that the use of 
a combination of several sampling techniques is essential 
for obtaining representative data. Each sampling method 
has its advantages and disadvantages. The combination of 
several sampling techniques will produce complement data. 

The diversity index (Figure 4) shows a pattern similar 
to the richness index. These results illustrate that the 
entrance and twilight zones had higher species richness and 
ecosystems in these zones tended to be more stable and 
resistant to damage than the dark zone. The low value of 
diversity index in dark zone indicates that arthropod 
communities in this zone had a higher ecological pressure 

and less stable than the entrance and twilight zones. Typical 
environmental conditions require organisms to adapt and 
survive in the dark zone that has the extreme environment. 
Therefore, the dark zone is dominated by species that have 
successfully adapted to life in this zone (Suhardjono et al. 
2012). 

Evenness index shows that the population of each 
arthropod in the twilight zone was evenly distributed, while 
the entrance and dark zones tended to be similar that there 
were some species that slightly dominated. The species 
found to have population dominating in the entrance zone 
were ants (Sub Fam. Dolichoderinae, Myrmicinae), spiders  
(Fam. Uloboridae), Collembola  (Ascocyrtus sp, 
Folsomides sp.), larvae  (Coleoptera), and Acari  
(Oribatidae). While some species that dominated in the 
dark zone were a millipede  (Trachyjulus tjampeanus), cave 
cricket  (Rhaphidophora sp.), Collembola  (Ascocyrtus sp, 
Folsomides sp, Fam. Cyphoderidae), ants  (Sub Fam. 
Formicinae), acari  (Mesostigmata and Oribatida) and 
insect larvae.   

Abiotic parameter 
There were differences in the climatic conditions among 

cave zones. Light intensity decreased with increasing 
distance from the cave entrance. The entrance zone had the 
highest light intensity due to direct exposure to sunlight. 
There was a significant decrease of light intensity in the 
twilight zone because the light reaching to this zone was 
only reflected light from the entrance zone. The dark zone 
had dark conditions with 0 lux of light intensity. Darkness 
without light is one of the leading typical characteristics of 
cave environment (Gunn 2004; Culver and White 2005). 
Although some electric lights have been installed in the 
dark zone of Semedi cave, the lights were completely 
turned off during sampling periods. 

The level of air CO2 showed a pattern opposite to the 
light intensity. CO2 tended to increase as the distance from 
the cave entrance increased. Relative humidity (RH) 
showed the same pattern as CO2. The dark zone had the 
highest RH, followed by the twilight zone and the entrance 
zone. The high CO2 level and RH are also known as typical 
characters of cave environment (Palacious-Vargas et al. 
2011; Simoes et al. 2015; Bento et al. 2016). Meanwhile, 
an average of air temperature did not show any significant 
difference among cave zones. All three zones had an 
average temperature of 24-24.5°C. The differences in the 
air temperature among zones can be seen on the data of air 
temperature dynamics presented in Figure 5. 
 
Table 2. Climatic measurement in Semedi Cave, Gunungsewu 
karst area, Indonesia   
 

Zone 
Light intensity  

(lux) 
CO2  

(ppm) 
RH  
(%) 

Temp.  
(°C) 

Entrance 1575.14 393.48 94.28 24.49 
Twilight 7.15 400.60 98.34 24.01 
Dark 0.00 425.20 100.44 24.10 
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Figure 6. Air temperature dynamics in Semedi Cave, Gunungsewu karst area, Indonesia 
  
 
 

As seen in Figure 6, the air temperature in entrance 
zone tended to fluctuate quickly. This zone is a right border 
between cave environments with outside environments. 
Outside cave conditions strongly influenced the 
temperature conditions in this zone so makes it highly 
fluctuated. A slightly different condition occurred in the 
twilight zone. The air temperature in this zone much less 
fluctuated than the entrance zone. This zone has transition 
characters between the fluctuating entrance zone and the 
stable of dark zone. The dark zone is known to have much 
more stable environmental conditions (Culver and White 
2005). This means that there should be no significant 
changes in air temperature inside the dark zone. 

There was 0.5°C increment of air temperature in the dark 
zone (Figure 6) from the original 24°C to 24.5°C at 12:00 
and the temperature lasted until 19:00 (8 hours). After 
19.00, the air temperature returned to 24°C. An important 
note is that team survey consisting seven people began the 
sampling activities in the dark zone at 11:00 am for 
approximately 1.5 hours. The temperature increment 
occurred just after the survey activities had been conducted 
in the dark zone. This result proves that human activity in 
the dark zone can increase air temperature. Besides, the 
cave environment takes a long time to restore the air 
temperature to its original state (Lario and Soler 2010). 

Edaphic measurements also showed the differences result 
among cave zones. Soil pH in the twilight and dark zones 
tended to be more acidic than entrance zone. Also, P2O5 in 
the twilight and dark zones was also higher. Both zones 
had the same organic material in the form of insectivorous 
bat guano. Guano is known to have low pH and contains 
high organic carbon, phosphate, and nitrogen (Sikazwe and 
Waele 2004). The content of SOC and N-NH4 in the dark 
zone was lower than either the twilight or the entrance 
zone. This condition happens because the number and 
variation of organic matter in the dark zone are relatively 
fewer than entrance and twilight zones. The limited number 
and variety of organic matter that is the food source for 
biota is one of the typical characteristics of cave 
environment (Gun 2004). Soil moisture tended to be higher 
in twilight and dark zones. Percolate water droplets that fell 
into the ground make the soil moisture higher. Soil 
temperatures tended to be higher in entrance zone. Soil 
temperature is known to have a negative correlation with 
soil moisture. This means that the higher soil temperature 
will decrease soil moisture (Pinheiro et al. 2001). 

Dissimilarity among communities 
Based on the result of cluster analysis (Figure 7), it can 

be seen that the twilight zone community tended to be more 
similar with the dark zone community, whereas entrance 
zone tended to be different. Bray-Curtis's dissimilarity index 
was used as a basis for the establishment of the dendrogram. 
This index is considered more efficient and appropriate for 
ecological analysis because its calculation is not only based 
on the presence or absence of a species in the community 
but also the number of individuals of each species 
(Schowalter 2011). This cluster analysis result means that 
the community's similarity between twilight and dark zones 
was not only from the species composition aspect but also 
from the population of each species in those communities. 
 
Table 3. Edaphic measurement in Semedi Cave, Gunungsewu 
karst area, Indonesia   
 

Zone pH 
SOC  
(%) 

N-NH4  
(ppm) 

P2O5  
(ppm) 

Moist.  
(%) 

Temp.  
(°C) 

Entrance 7.51 0.75 145.53 26 20.66 25.95 
Twilight 6.54 1.59 203.74 189 26.63 25.08 
Dark 6.82 0.46 66.94 128 26.68 24.80 
 

 
 
Figure 7. Dissimilarity of Arthropod community among cave 
zones in Semedi Cave, Gunungsewu karst area, Indonesia   
 

 
Figure 8. Dissimilarity of abiotic parameters among cave zones in 
Semedi Cave, Gunungsewu karst area, Indonesia   
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Cluster analysis of abiotic factors was also taken to 
know which zones had more similar abiotic condition to 
each other. As seen in Fig. 8, the abiotic condition of 
twilight and dark zones tended to resemble each other 
compared to the entrance zone. The presence of biota 
cannot be separated from the surrounding abiotic condition. 
The abiotic conditions determine and influence the 
existence and sustainability of biotic components in 
ecosystems.  The higher abiotic similarity between twilight 
and dark zones made the arthropod communities in these 
zones more similar (Figure 7). 

Statistical analysis through correlation test was done to 
find out the correlation between abiotic components with 
the arthropod communities structure. Nonparametric 
analysis was chosen because the abiotic sample size was so 
small. The correlation test results can be seen in Table 4. 

Based on Table 4, it can be seen that there are robust 
and significant correlations between the climatic and 
edaphic factor components with the arthropod community 
structure. Light intensity and air temperature were 
positively correlated with richness (r = 0.94 and r = 0.87). 
The entrance zone that had a higher light intensity and air 
temperature than the other two zones also had the highest 
species richness. Light is the main source of energy for life. 
The existence of light allows plants (producers) to live and 
produce primary productivity (organic matter) through 
photosynthesis. Primary productivity is the source of 
biodiversity at higher trophic levels in ecosystems (Culver 
and White 2005). The absence of sunlight in the dark zone 
makes the species richness in this zone limited. 

Two other components of the climatic factor of the CO2 
level and air humidity had negative correlations with the 
three indicators of the structure of arthropod community. 
CO2 was strongly negatively correlated with richness (r = -

0.88), diversity (r = -0.00), and evenness (r = - 0.83), 
whereas air humidity was strongly negatively correlated 
with richness (r = -1.00) and diversity = -0.86) and 
moderately negatively correlated with evenness (r = -0.47). 
The dark zone had a higher CO2 level and air humidity than 
the other 2 zones, but it had the lowest species richness, 
and there were some species with dominant populations 
(low evenness) such as millipede Trachyjulus tjampeanus, 
springtails Ascocyrtus sp, Folsomides sp, Fam. 
Cyphoderidae, cave cricket Rhaphidophoridae sp, Acari  
(Oribatidae), ant and insect larvae.  
 
 
Table 4. Correlation among abiotic components with the 
arthropod communities in Semedi Cave, Gunungsewu karst area, 
Indonesia   
 

Variables Richness Diversity Evenness 

    
Climatic r 
Light Intensity 0.94### 0.65 0.15 
CO2 -0.88*** -1.00*** - 0.83*** 
Air Temperature 0.87### 0.50 - 0.03 
Air Humidity - 1.00*** - 0.86*** - 0.47 
    
Edaphic r 
pH 0.81### 0.40 -0.14 
SOC 0.07 0.56 0.91### 
NNH4 0.42 0.82### 1.00### 
P2O5 -0.75*** -0.31 0.23 
Soil Temperature 0.99### 0.80### 0.37 
Soil Mositure -0.94*** -0.65 -0.15 
Note: r= coeficient of correlation, *** Very strong correlation  
(negative) and significant on α =5, ### Very strong correlation  
(positive) and significant on α =5 

 
 
 

 
 
Figure 9. Correlation among measured variables in Semedi Cave, Gunungsewu karst area, Indonesia   
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The correlation test of the edaphic factor components 
showed that soil pH, SOC, NNH4, and soil temperature had 
strong positive correlations with the arthropod community. 
pH was positively correlated with richness  (r = 0.81) 
meaning that zones with higher soil pH (alkali), had 
relatively higher species richnesses. The entrance zone had 
the highest pH and also had the highest species richness. 
The twilight and dark zones had much organic matter in the 
form of bat guano and had relatively low pH. Every soil 
organism has an optimum pH and a tolerance limit to 
different soil pH (Lavelle et al. 1995). Arthropod species 
that live in the twilight and dark zones are thought to be 
more tolerant to acidic environmental conditions. 

SOC was highly positively correlated with evenness (r 
= 0.91). This means that each population of Arthropods 
tends to be more similar (low dominance) in zones with 
high soil SOC content such as in the twilight zone. SOC is 
an organic material that plays a significant role as a source 
of food for Arthropods. The twilight zone had the highest 
SOC content, but the species richness in this zone was not 
so high as the entrance zone. Diversity is not necessarily 
determined solely by the quantity of sources of organic 
matter, but also the quality of the organic matter. The 
heterogeneity of food sources is one of the most important 
quality indicators (Culver and White 2005). The twilight 
zone had the highest organic content, but the variety of 
organic material was low, consisting mostly of bat guano. 
The limited species of Arthropods capable of using guano 
as food causes of species richness in this zone lower than 
the bright zones.     

Soil temperature was positively correlated with richness  
(r = 0.99) and diversity  (r = 0.80). Soil temperature is 
known to have a strong positive correlation with the air 
temperature. This condition occurs because of the process 
of heat flow and energy balancing between those two 
elements (Zheng et al. 1993; Islam et al. 2015). Both, soil 
temperature and air temperature had strong positive 
correlations with diversity. The entrance zone with the 
highest soil temperature and air temperature had the highest 
diversity. Soil temperature and air temperature have a 
strong positive correlation with light intensity. High soil 
temperature and air temperature in entrance zone are the 
effects of direct sun exposure. The presence of sunlight 
further allows the life of green plants to allow many types 
of Arthropods to live. This is what causes these two 
components to be positively correlated with diversity. 

NNH4 was positively correlated with evenness (r = 
1.00) and diversity (r = 0.82). The entrance and twilight 
zones that had high NNH4 soil content had higher diversity 
and evenness than the dark zone. NNH4 is known to have 
no direct effect on Arthropods because the form of nitrogen 
in the soil cannot be used directly by Arthropods. Nitrogen 
induces the Arthropod community indirectly by 
determining the quality of tissue and vegetation 
productivity. Vegetation conditions will then affect the 
Arthropod community living in the environment. Similar to 
NNH4, P2O5 is also known to have no direct effect on the 
Arthropod community (Parwez and Sharma 2014). Based 
on the correlation test, this component had a very strong 
negative correlation with richness (r = -0.75). The twilight 

and dark zones had higher P2O5 content than entrance zone, 
but species richness in these zones was lower. The 
existence of guano is a factor that can explain this 
relationship. Guano is known to have a high content of 
P2O5 (Sikazwe and De Waele 2004). The twilight and dark 
zones had organic matter in the form of guano, so the P2O5 
content was relatively high. However, species richness in 
those zones was lower than that in the entrance zone.     

Soil moisture had a very strong negative correlation 
with richness (r = -0.94). The twilight and dark zones had 
higher soil moisture than the entrance zone, but species 
richness in these zones was relatively lower. These zones 
tended to be populated by common species in cave 
ecosystems as the dominant species. Some species that 
dominated these zones were the decomposers that lived 
around bat guano. Moisture allows the growth of fungi and 
other microbes that are main food for decomposer 
Arthropods  (Parwez and Sharma 2014). 

Conclusions  
A total of 1,095 individuals of Arthropod distributed 

among six classes, 19 orders, and 102 morphospecies were 
found in Semedi cave. Insecta had the highest species 
richness (43 species), followed by Arachnida  (34 species), 
Collembola  (20 species), Diplopoda and Crustacea  (2 
species of each), and Chilopoda  (1 species). The entrance 
zone had the highest species richness, followed by the 
twilight and dark zones. Abiotic conditions and arthropod 
community structures in twilight and dark zones tended to 
have high similarity compared to those of the entrance 
zone. Abiotic factors determine the structure of arthropod 
community in each cave zone. Light intensity, air 
temperature, soil pH, SOC, NNH4, and soil temperature 
had high positive correlations with the Arthropod 
community, whereas air CO2, RH, soil P2O5, and soil 
moisture had negative correlations. Semedi had various 
cave-dwelling arthropods. Changes in environmental 
conditions due to tourism activities can threaten the 
survival of the Arthropod communities inside it. 
Sustainable management of show cave should be applied to 
minimize the destructive impact of tourism on Semedi cave 
arthropod community.  
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