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Determination of arthropod biodiversity and some ecological parameters
of Erdal Sekeroglu (Isparta, Turkey) and Kadiini (Antalya, Turkey) cave
ecosystems with evaluation of usability of insects in cave mapping’

Erdal Sekeroglu (Isparta-Turkiye) ve Kadiini (Antalya-Turkiye) magara ekosistemlerinde
arthropod biyolojik ¢esitliligi ile bazi ekolojik parametrelerin belirlenmesi ve boceklerin
magara haritalamasinda kullanim olanaklarinin arastiriimasi

Gokhan AYDIN? ismail SEN?

Abstract

The aim of the study was to determine the species composition, diversity, similarity and completeness of cave-
dwelling arthropods in cave zones (entrance, twilight and dark zones) in Erdal Sekeroglu Cave (ESC) (Atabey-Isparta
Province) and Kadiini Cave (KIC) (Alanya-Antalya Province) ecosystems in Turkey. The study also aimed to investigate
whether these species can be used for mapping cave zones. The samplings were conducted by using aspirator and
pitfall trap methods in ESC among 2010-2020 and in KIC in 2017. Hence statistical analyses were performed with the
data gathered from the field studies conducted in the same year (2017) in order to evaluate ecological data in the two
cave ecosystems homogeneously. During the study, a total of 51 arthropod species, mostly hexapods, belonging to
five classes were collected. Biodiversity parameters, similarity index, indicator species analyses, and species richness
estimators were calculated for each cave and cave zones. In addition to reporting the distributions of hexapods in cave
ecosystems, this paper discusses for the first time if such ecological data can inform cave mapping and exploration.

Keywords: Cave zones, indicator species, similarity, species richness estimators

Oz

Calismada, Erdal Sekeroglu (ESC) (Isparta, Turkiye) ve Kadiini (KIC) (Antalya, Turkiye) Magaralarinin farkli
(giris, alacakaranlik ve karanlik) zonlarinda yasayan arthropod turlerinin gesitliliginin, benzerliginin ve tahmini tir
sayllarinin belirlenmesi amaclanmistir. Ayrica, calismada belirlenen turlerin magdara bolgelerinin haritalanmasinda
kullanilabilirlikleri arastirilmistir. Orneklemeler, ESC'de 2010-2020 yillar arasinda, KiIC'da ise 2017 yilinda, aspirator
ve cukur tuzak yéntemleri kullanilarak gergeklestirilmistir. istatistiksel analizler, iki magara ekosistemindeki ekolojik
verileri homojen olarak degerlendirmek amaciyla, ayni yil (2017) yapilan saha galismalarindan elde edilen verilerle
yapilmistir. Calismada, godu hexapod olmak uizere bes sinifa ait toplam 51 eklem bacakli turu tespit edilmistir. Her iki
magara ve magara zonlari icin biyolojik ¢esitlilik, benzerlik, biyolojik gdsterge ve tur tahminleyici analizleri yapiimistir.
Ayrica, boceklerin magara haritalamasi ve kesiflerinde kullanilabilirligi de diinyada ilk kez tartigiimistir.

Anahtar sozciikler: Magara zonlari, biyolojik gosterge tirleri, benzerlik, tir zenginligi tahminleyicileri
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Introduction

Caves are formed over millions of years and contain unusual ecosystems. In general, underground
areas, large enough to be entered by a person are considered a cave. Cave depths and lengths range can
be from a few meters to thousands of meters (Palmer, 1991; Northup & Lavoie, 2001; Gunn, 2004) and
cave ecosystems have a relatively stable temperature, humid and limited supply of nutrients (Barton &
Jurado, 2007; Weliange, 2016).

Caves have been used throughout human history for many purposes including scientific studies,
recreation and tourism, natural cold storage, maturation and preservation of animal products (e.g., cheese
and oil), mushroom cultivation, treatment of respiratory diseases, liquefied gas, natural gas and fuel oil
storage, shelter and protection for military purposes, guano collection, mineral extraction, groundwater
extraction and protection of spring waters (Tolan-Smith & Bonsall, 1997).

The science of studying the structure, formation, biology and physical features of caves is called
speleology. Speleology is a broad interdisciplinary field incorporating archaeology, biology, chemistry,
geology, physics, meteorology, hydrology, scientific exploration and cartography in the subterranean
environment to better understand the cave ecosystems (Gunn, 2004; Kowalczk, 2009; Lee et al., 2012).
While speleology is the branch of science that investigates cave exploration, the structure, physical
properties, history and life forms of the caves, biospeleology examines the cave species and their roles of
the food chain in cave ecosystems (Latella & Stoch, 2002; Veni, 2019). Biospeleology came into being in
the mid-nineteenth century (Vandell, 1964; Camacho, 1992). Remarkable progress was achieved in the
biospeleology of the European and American caves in the mid 20th century (Camacho, 1992). These
studies revealed that caves have taxonomically diverse fauna (Hobbs, 2012).

Biodiversity can be defined as the diversity of genes, species, and ecosystems (Feest et al., 2010,
Cramer et al., 2017, Tydecks et al., 2018). Cave ecosystems often support high diversity and can contain
species found in no other terrestrial and aquatic ecosystems (Howarth, 1983; Tercafs, 1988; Culver & Sket,
2000; Culver et al., 2004; Culver & White, 2005; Fernandes et al., 2016). However, the biological diversity
of caves remains incompletely documented (Culver et al., 2006). This is particularly the case in Turkey,
despite it being a cave rich country. One approach that can be useful in filling this knowledge gap is the
use of indicator species, i.e., species that are indicators of the condition of a habitat, community or
ecosystem (McGeoch & Chown, 1998; Zacharias & Roff, 2001; Carignan & Villard, 2002; Niemi &
McDonald, 2004; Latella et al., 2012; Kurniawan et al., 2018). In the cave ecosystems, indicator species
have been used to determine microhabitat, cave area or season and to monitor organic pollution and the
effects of cave tourism (Eberhard, 1992; Moulds, 2006; Village et al., 2019).

Cave-dwelling organisms can be classified into three groups according to the degree of adaptation
to the subterranean environments. Their classification is typically as follows (Barr, 1968).

Trogloxenes: these species inhabit caves temporarily for particular physiological needs that are linked
to seasonal variation and are characterized by a prolonged decrease in their activity. Trogloxenes only enter
caves during periods of reduced activity (hibernation, estivation or diapause). Their reproduction is aboveground,
and no morphological differences are apparent between subterranean and aboveground individuals.

Troglophiles: these species can be defined as facultative subterranean dwellers in the sense that
they are suitable to live in subterranean biotopes because of behavioral and physiological (principally linked
to diet) predispositions. They have no typical morphological adaptations to cave ecosystems.

Troglobites: these are permanent, obligatory occupants of the subterranean environment, and
cannot live elsewhere. Cave-dwelling species (troglobites) are adapted only to cave conditions. As they
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are confined to a very particular biotope, have a restricted range and small populations therefore these
species are very sensitive to environmental changes (Samways, 1994, 2007).

Light is one of the main factors affecting evolutionary development in cave ecosystems. As a result
of the effect of the light, the cave is divided into three zones: entrance, twilight and dark zones. The
distribution of arthropods in the cave zones can use to assign these zones.

Turkey with about 40 000 caves is considered a cave heaven when compared to other countries of
the world (Anonymous, 2019). However, biospeleological studies have been very limited in Turkey up to
date (Kunt et al., 2010) with only limited scientific studies on the life cycles of the cave arthropods, their
roles in the food chain, their use in zone identification and cave mapping, biological indicator values, and
biological diversity (Eberhard, 1992; Moulds, 2006; Village et al., 2019).

Based on these facts, the aims of the study were (1) to determine the biodiversity of the arthropod
assemblages of the Erdal Sekeroglu Cave (ESC) (Atabey District, Isparta Province, Turkey) and Kadiini
Cave (KIC) (Alanya District, Antalya Province, Turkey), (2) to compare the arthropod assemblages
inhabiting in the three cave zones in each cave, (3) to evaluate the usability of insects in cave mapping
with indicator species analyses (ISA) performed to test whether the species can be used as an indicator of
that of cave zones, and (4) to calculate the completeness of the inventory by using species richness estimators.

Materials and Methods

This study was conducted in ESC and KIC to determine the biodiversity of the arthropod
assemblages, compare the arthropod assemblages inhabiting in the three cave zones in each cave,
calculate the completeness of the inventory by using species richness estimators, and evaluate the usability
of insects in cave mapping.

Studied caves
Erdal Sekeroglu Cave

ESC is located in Atabey District, Isparta Province of Turkey (37°56'51.97" N, 30°34’38.16" E). The
cave is 88 m long and 26 m deep. The main axis starting from the entrance of the cave was formed as a
result of collapses and divided the cave into two layers. At the end of the cave, after a vertical climb of
about 8 m, even the lower chamber can be reached. The upper floor, which extends towards the end of the
cave, runs parallel to the main axis and ends about 5 m above the main axis. Immediately after the cave
entrance zone, the twilight zone starts and extends for about 15 m. After the twilight zone, the dark zone
continues until the end of the cave. Accordingly, the entrance zone of the ESC is 0-9 m, twilight zone 9-23
m and the dark zone 23-88 m (for more information, see www.magara.org). Sampling in ESC was
performed at different times between 2010 and 2020.

Kadiini Cave

KIC is located in Alanya District, Antalya Province of Turkey (36°35'08.2" N, 32°04'39.5" E). The cave is
2027 m long and 45 m deep. The entrance zone consists of a large gallery. The twilight zone starts almost
immediately after entering a sharp and narrow gallery from the entrance zone and takes about 50 m. The
dark zone extends to the end of the cave. Accordingly, the entrance zone of KIC is 0-25 m, twilight zone,
25-50 m and the dark zone 50-2027 m (for more information, see www.magara.org). Sampling in KIC was
conducted at different times during 2017.

Sampling methods

Samplings were conducted in the ESC at different times between 2010 and 2020 (November 2010;
June 2011; 03-04 March, 07-08 July and 17-18 November 2012; 9-10 February, 15-16 June, and 23-24
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November 2013; 14-15 June and 27-28 December 2014; 2-3 May, 11-12 July and 14-15 November 2015;
July 2016; 22-26 February and 19-22 October 2017; 19-20 May, 18-19 August and 3-4 November 2018; 4-
5 May and 6-7 July 2019; and 15-16 February 2020) and also in the KIC during 2017 (15-19 February and
12-15 October) for determination of arthropod fauna.

Homogeneous collecting procedures were applied and data from ESC between 22-26 February
2017, 19-22 October 2017, and from KIC between 15-19 February 2017 and 12-15 October 2017 were
used for comparison of biodiversity and the other ecological parameters in both caves.

Samples were collected using an aspirator by eye and by pitfall traps inside both caves. In each zone
within the caves, the arthropod samples were collected by aspirator from cave surfaces (such as wall and
ceiling) for 5 min. Also, five pitfall traps were placed in each zone. Specimens were brought to the laboratory
and then they sorted by family and labeled. Specimen identification was made with the support of
specialists detailed in the Acknowledgments. The collected specimens are deposited in the special
collection of the first author.

Data analysis

The arthropod assemblages of both caves were evaluated by the following diversity indices:
Shannon-Wiener (H'), Simpson diversity index (S), Simpson dominance (Sd), Shannon evenness (EH),
and Soérensen index (Bs).

Shannon-Wiener diversity index (H') H' = —2 piln(pi)

where H' is the index of diversity, pi is the importance value of a species as a proportion of all species, and
In is the natural logarithm.

Simpson’s diversity index (S) S=1- E ni(ni-1)/ N(N -1)

where S is the index of diversity, ni is the importance value of a species as a proportion of all species, and
N is the sum of the number of individuals.

Simpson’s dominance index (Sd) Sd = E ni(ni-1)/ N(N -1)

where Sd is the index of dominancy, i is number of species, n; is the importance value of a species as a
proportion of all species, and N is the sum of the number of individuals.

Shannon evenness index (EH) EH = H'/In(N))

where EH is Evenness index, H’ is the index of Shannon-Wiener diversity, In is the natural logarithm, and
N is the sum of the number of individuals.

Sorensen index (Bs) was used to determine the compositional similarity between the arthropod
assemblages of the cave zones of each cave (Southwood, 1971; Magurran, 1988; Krebs, 1999; Magurran,
2004).

Sdrensen index Bs=2C/A+B

where Bs is the similarity index, A is the number of species in A, B is the number of species in B, and C is
the number of common species in A and B.
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ISA are used to test the usage of the collected arthropod species to identify a cave zone. Percentage
dominance of each sampled species was calculated according to Heydemann (1953) with the following
formula;

D(%) =100N:/ N

where D is percent dominance, Ni is the number of captured individuals of a species, N is the sum of the
number of individuals.

ISA gives indicator values (IV) for each species in each group and these values are tested for significance
using the Monte Carlo test (Heydemann, 1953; Dufréne & Legendre 1997) as follows:

(1) The proportional abundance of a particular species in a group was calculated relative to the abundance
of that species in all groups.

Let A is sample unit x species matrix, ajk is the abundance of species j in sample unit (SU) i of group k, n«
is the number of sample units in group k, g is the total number of the groups.

Firstly, the mean abundance Xj; of species j in group k was calculated:

nk
Xij = E Ak /M
i=1

Then the relative abundance RAKj of species j in group k was calculated:

g
RAj = xkj/z Xj
k=1

(2) The proportional frequency of species in each group was calculated:
Firstly, A is transformed into a matrix of presence-absence (b),

_ 0
bL-j = a;

then relative frequency RFy; of species j in group k was calculated:

Ny

RFy; = Z by /1y

i=1

(3) The product of the two proportions calculated in steps 1 and 2 is then determined. The result is
expressed as a percentage, yielding an indicator value /Vy; for each species j in each group k.

IV,; = 100(RA;XRF;)

(4) The highest indicator value (/Vmax) for a given species across groups is saved as a summary of the
overall indicator value for that species.

(5) The statistical significance of /Vmax by using the Monte Carlo method is evaluated. The SUs are
randomly reassigned to the groups a large number of times (default = 1000). Each time, /Vmax is calculated.
The probability of type | error is based on the proportion of times that the /Vmax from the randomized data
set equals to or exceeds the /Vmax from the actual data set. The null hypothesis is that /Vmax is no larger
than it would have been expected by chance (i.e., the species has no indicator value).

In addition to these, to assess the completeness of the inventory, species richness estimators (Chao 1,
Chao 2, Jacknife 1, Jacknife 2, Bootstrap, ACE, ICE) were used (Burnham & Overton, 1978, 1979; Heltshe
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& Forrester, 1983; Chao, 1984; Smith & van Belle, 1984; Chao & Lee, 1992; Chao et al., 1993; Colwell &
Coddington, 1994; Lee & Chao, 1994; Colwell, 1997; Chazdon et al., 1998). These methods provide a
lower estimate of total species richness.

Following formulas of species richness estimators are given:
Chao 1 type estimators (for abundance data) (Chao, 1984; Colwell & Coddington, 1994)
Schao1 = Sobs + F{/2F;
where Sobs is the observed number of species, F1 is singletons (species with only one individual), and Fz is
doubletons (species with only two individuals) (Chao, 1984; Chazdon et al., 1998).
Chao 2 type estimators (for replicated incidence data) (Chao, 1987; Colwell & Coddington, 1994)
Schao2 = Sobs + Qf /2Q2

where Q1 is the frequency of uniques and Q2 is the frequency of duplicates.
Jackknife 1 type estimators (for abundance data) (Burnham & Overton, 1978, 1979; Heltshe & Forrester, 1983)
S]ackl = Sops + Q1 (m—1/m)

where m is the total number of samples.

Jackknife 2 type estimators (for incidence data) (Smith & van Belle, 1984)
Qi(@Cm=3) Q;(m— 2)? )

S = Sops T
Jack 2 obs < m m(m _ 1)
Bootstrap type estimators (based on repetition) (Smith & van Belle, 1984)

Sobs
Shoot = Sobs + 1- pk)z
k=1
where pk is the proportion of samples that contain species k.

ACE (abundance coverage estimator) type estimators (for abundance data) (Chao & Lee, 1992; Chao, et
al., 1993)

Srare E 1
Sace = Sabund + C C Yazce
ace ace

where Sabound is the number of abundant species (each with more than 10 individuals) when all samples
are pooled, Srare is the number of rare species (each with 10 or fewer individuals) when all samples are
pooled, Cace is the sample abundance coverage estimator and Y?ac. is the estimated coefficient of variation
of the F; for rare species

ICE (incidence coverage-based estimator) type estimators (for incidence data) (Lee & Chao, 1994)

S.
inf r + Ql Yz

ice
Cice Cice

Sice = Sfreq +
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where Streq is the number of frequent species (each found in more than 10 samples), Sinr is the number of
infrequent species (each found in 10 or fewer samples), Cice is the sample incidence coverage estimator
and Y2 is the estimated coefficient of variation of the Q; for infrequent species.

The type estimators calculated from the data obtained from ESC and KIC were graphed and computer
simulations made. The all type estimators results were compared with each other. Diversity indices were
analyzed with EvenDiv 1.1 (Heimann, 2004) and similarity indices were analyzed using the MultiVariate
Statistical Package (MVSP 3.11c) for Windows (Kovach, 1999). PC-Ord (Version 4.14) was used for
Biological Indicator Analysis (McCune & Mefford, 2016) and species estimations were calculated with
EstimateS v8.2 (Colwell, 2019). Statistical analyses were performed with the data gathered from the field
studies conducted in the same years.

Results
Arthropoda fauna of Erdal $ekeroglu and Kadiini Caves

A total of 25 arthropod species were caught in the ESC with 622 individuals belonging to five classes,
nine orders, 15 families between 2010 and 2020 (see description of the Table 1 for details) while 26
arthropod species were sampled in KIC with 160 individuals belonging to three classes, six orders, 18
families during 15-19 February 2017 and 12-15 October 2017 (Tables 1 & 2).

It was determined that the frequency of sampling did not increase significantly in species richness in
ESC. Taxa that could be identified to species in situ, such as some of the carabid, chrysomelid, coccinellid,
curculionid, scarabaeid (Coleoptera), erebid (Lepidoptera), gryllid and rhaphidophorid (Orthoptera) were
counted and released in the zone where captured.

According to homogeneous collecting procedures (ESC, 22-26 February 2017 and 19-22 October
2017, and KIC, 15-19 February and 12-15 October 2017), 47 arthropod species (21 species from ESC and
26 species from KIC) were determined (Table 3). Among these, 36 species (7 Arachnida, 1 Diplopoda and
28 Hexapoda) were identified to species while eight species (6 Arachnida, 1 Diplopoda and 1 Hexapoda)
were identified at the genus level. Two arachnids could be identified as family level however one chilopod
species could be identified as a morphospecies (Tables 4 & 5).

Most of the hexapods Stigmatomma denticulatum Roger, 1859 (Hymenoptera: Formicidae),
Camponotus aethiops (Latreille, 1798) (Hymenoptera: Formicidae), Messor semirufus (André, 1883)
(Hymenoptera: Formicidae), Tomicus minor (Hartig, 1834) (Coleoptera: Curculionidae), Ips sexdentatus
(Boerner, 1776) (Coleoptera: Curculionidae), Carabus glabratus Paykull, 1790 (Coleoptera: Carabidae),
Carabus graecus Dejean, 1826 (Coleoptera: Carabidae), Anoxia asiatica Desbrochers, 1871 (Coleoptera:
Scarabaeidae), Oxythyrea cinctella (Schaum, 1841) (Coleoptera: Scarabaeidae), Cetonia aurata (L., 1758)
(Coleoptera: Scarabaeidae), Chrysomela populi L., 1758 (Coleoptera: Chrysomelidae), Rhynchaenus
asellus Gravenhorst, 1807 Gymnetron asellus Scopoli, 1763 (Coleoptera: Curculionidae), Larinus curtus
Hochhut, 1851 (Coleoptera: Curculionidae), Scoliopteryx libatrix L., 1758 (Lepidoptera: Erebidae), and one
callipodid, Eurygyrus sp. (Callipodida: Schizopetalidae) were sampled from entrance zone of ESC. One
centipede, described as morphospecies, was found with two individuals from twilight zone of ESC. One
carabid beetle which is a troglobite species only occurs in cave ecosystems, Ophonus (Hesperophonus)
azureus (F., 1775) and the other species Laemostenus (Antisphodrus) longicornis Casale, 1988
(Coleoptera: Carabidae) a typical troglophiles to troglobite species were found only dark zone of ESC with
six and 12 individuals, respectively. Three arachnids; Carios sp. (Ixodoidea: Argasidae) and one from the
family Linyphiidae, and one from Dysderidae, identified as morpho species were sampled on the dark zone
of ESC (Table 4).

545



Determination of arthropod biodiversity and some ecological parameters of Erdal Sekeroglu (Isparta, Turkey) and Kadiini (Antalya,
Turkey) cave ecosystems with evaluation of usability of insects in cave mapping

Table 1. Number of individuals and sampling dates of the species in ESC

Class Order Family Species Individuals and sampling date codes*
Ixodoidea Argasidae Carios sp. ? 1(A); 2(B); 1 (E 2); 1(F2); 2 (H1); 1 (J1)
. 1(A); 1(B); 1(C2); 1(C3); 1(D1); 1 (E1); 1 (F3);
3 Dysderidee 7 1(G): 1 (H1):3 (H2): 1 (1) 1 (3):2 (J2)
= o 4 (C1); 2 (D3); 2 (E 2); 11 (F2); 3 (H1); 5 (H2); 7
S Arancae Lnyphidae  * (12):3 (42):1 (K)
< ? ? 1 (A); 3(C1); 1(C3); 2 (D3); 1 (E2); 2 (12); 1 (K)
2 2 2 (B); 1 (C1); 1 (C3); 2 (D1); 1 (D3); 1 (E1); 1 (E2);
) ) 1(F2); 1 (F3); 1(I3)
§ Scolopendromorpha  ? ? :]] E%:?Hij?; ); Z(K()DZ); 1(D3); 1 (E2); 1 (F1); 1 (12);
g ;
= 1(C2); 2 (D2); 1 (E1); 2 (F1); 1 (F3); 1(G); 1 (H1);
o 7 ? ? 1(H2) 1 (11): 1 (J2)
é \ \ ” 12 (A); 38 (C1); 15 (C3); 17 (D3) 11 (E2); 8 (F3); 6
2 (i
(@)
% 2 (A); 1(C1); 1(C2); 2 (C3); 1 (D1); 1 (D2); 2 (D3)
5‘ Callipodida Schizopetalidae  Eurygyrus sp. 4 (E1); 3 (E2); 2 (F1); 1 (F3); 1 (G); 4 (H1); 5 (H2)
2 4 (11); 7 (12); 1 (13); 3 (J1); 4 (J2); 2 (K)
1 (A); 2 (C1); 1(C2); 1(C3); 1 (D1); 2 (D3); 3 (E1)
Carabus glabratus Paykull, 1790 1 (F1); 2 (F2); 2 (F3); 1 (G); 1 (H1); 2 (11); 1 (12); 1
(13); 1 (J1); 2 (J2); 1 (K)
1 (A); 1(B); 2 (C1); 1(C3); 1 (D1); 3 (D2); 1 (D3);
Carabus graecus Dejean, 1826 2 (E1); 1 (E2); 3; (F1); 1 (F3); 1 (G); 1 (H2); 3 (I1);
Carabid 1.(13); 1 (J2); 1 (K)
arabidas Lasmostenus (Antisphodrus) 2 (i 1(B): 1(C1); 3(C2); 2 (C3); 4 (D1); 1 (D3);
raemostenus (Antisphodis) 4 (E1y,3 (E2); 2 (F1); 7 (F2); 2 (F3); 2 (G); 7 (H1)
ongicornis --asaie, 5 (H2); 2 (11); 1 (12); 1 (13); 2 (J1); 3 (J2); 3 (K)
1 (A); 2 (B); 1(C1); 1(C2); 3 (C3); 3(D1); 2 (D2);
Ophonus (Hesperophons) 1 (p3y,3 (E2); 2 (F1); 1 (F2); 3 (F3); 2 (G); 3 (H1);
azureus (F., 1775) 3 (H2): 1 (11); 2 (12): 1 (13): 1 (41); 2 (J2); 2 (K)
Coleoptera Chrysomelidae Chrysomela populi L., 1758 zl'l()B>1 1Ié(;);11(lg’>?;2%; (1,5';11)02 (F2): 1(G): 1 (H1); 1
Rhynchaenus asellus 1 (A); 1(C2); 2(D2); 3 (E1); 1 (F1); 1 (H2); 1 (12);
S Gravenhorst, 1807 2 (K)
% Curculionidae Ips sexdentatus (Boemer, 1776) :]] EE,’)) 11 (((j;))’ 1(D1);2(D2); 1 (E1); 1 (F2); 1 (H1)
E Larinus curtus Hochhuth, 1851 1 (C1); 1 (D2); 1 (F2); 1 (H1); 1 (J1)
Tomicus minor (Hartig, 1834) 2 (B); 2 (C2); 1 (D2); 1 (F1); 1 (G); 1 (H2); 1 (J1)
Anoxia asiatica 1 (B); 2 (C2); 2 (D2); 2 (F1); 1 (F2); 1 (G); 1 (H2)
Desbrochers, 1871 1.(11); 2 (12); 1 (13); 1 (J1); 1 (J2)
Scarabaeidae Cetonia aurata (L., 1758) zH(2A)>12((Il13)) ?((8?)12(‘5%2)1 %J<2E)1 ): 3 (F2): 1 (G); 1
Oxythyrea cinctella 1(B); 1(C1); 1 (C2); 1 (D1); 1 (E1); 1 (F2); 1 (H1)
(Schaum, 1841) 2 (12); 1 (13); 2 (J2); 1 (K)
Camponotus aethiops 2 (B); 1 (C2); 4 (D2); 1 (E1); 1 (F1); 1 (F2); 1 (H1)
(Latreille, 1798) 1(12); 2 J2)
Hymenoptera Formicidae Messor semirufus (André, 1883) 1 (B); 2 (F2); 2 (H2); 4 (12); 1 (J2)
Stigmatomma denticulatum 1 (A); 9 (B); 4 (C2); 6 (D2); 4 (E1); 8 (F1); 4 (F2); 6
Roger, 1859 (G); 1.(H1); 4 (11); 4 (12); 3 (J1); 6 (J2)
1(A); 1(C1); 1(C2); 1 (C3); 2(D1); 1 (D2); 2 (D3)
Lepidoptera Erebidae Scoliopteryx libatrix L., 1758 1 (E1); 1 (E2); 1 (F1); 1 (F3); 1 (G); 2 (H1); 1 (H2)
2.(11):1.(12); 1 (13); 1 (J1): 3 (K)

*A, during November 2010; B, during June 2011; C1, 03-04 March 2012; C2, 07-08 July 2012; C3, 17-18 November 2012; D1, 9-10
February 2013; D2, 15-16 June 2013; D3, 23-24 November 2013; E1, 14-15 June 2014; E2, 27-28 December 2014; F1, 2-3 May
2015; F2, 11-12 July 2015; F3, 14-15 November 2015; G, during July 2016; H1, 22-26 February 2017, H2, 19-22 October 2017; I1,
19-20 May 2018; 12, 18-19 August 2018; I3, 3-4 November 2018; J1, 4-5 May 2019; J2, 6-7 July 2019; and K, 15-16 February 2020.
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Table 2. Number of individuals and sampling dates of the species in KIC

Individuals and sampling

Class  Order Family Species date codes*
Agelenidae Tegenar/:a percuriosa Brignoli, 1972 1(L2)
Tegenaria sp. 1.(11); 3(L2)
Dysderidae Dysderocrates sp. 2 (L1); 5(L2)
Harpactea sp. 1(L1)
© Filistatidae Pritha sp. 1(L2)
-'g Araneae Centromerus sp. 1(L1)
§ Linyphiidae Lepthyphantes leprosus (Ohlert, 1865) 1(L1)
b4 Troglohyphantes sp. 1(L1)
Pholcidae Hoplopholcus asiaeminoris Brignoli, 1978 2 (L1); 4 (L2)
Hoplopholcus sp. 3 (L1); 6 (L2)
Sparassidae Heteropoda variegata (Simon, 1874) 4 (L2)
Scorpiones luridae 5;%tsqlﬂ:l;(§(1agf)lec:l (Kovarik Fet, Soleglad & 1(L1); 3 (L2)
£
_8‘ Callipodida Schizopetalidae Eurygyrus bilselii (Verhoeff, 1940) 7 (L1); 9 (L2)
g—
Calathus syriacus Chaudoir, 1863 1(L2)
Carabidae Harpalus distinguendus (Duftschmid, 1812) 1(L2)
Laemostenus longicornis Casale, 1988 8 (L1); 10 (L2)
Coccinellidae Coccinella septempunctata L., 1758 1(L1)
Coleoptera -
L Orthotomicus erosus (Wollaston, 1857) 1(L2)
g Curculionidae Tomicus destruens (Wollaston, 1865) 1(L1)
§ Meloidae Zonitis flava F., 1775 1(L2)
% Scarabaeidae Oryctes nasicornis L., 1758 1(L1)
Cataglyphis nodus (Brullé, 1833) 1(L1); 4 (L2)
Hymenoptera Formicidae Messor oertzeni Forel, 1910 1(L1); 1(L2)
Tapinoma erraticum (Latreille, 1798) 1(L1)
Orthoptera Gryllidae Ovaliptila alanya Gorochov & Unal, 2012 25 (L1); 37 (L2)
Rhaphidophoridae  Troglophilus gajaci Us, 1974 3(L1);5(L2)

*L1, 15-19 February 2017; and L2, 12-15 October 2017.

Most of the Hexapods were sampled only from entrance zone of KIC; Tomicus destruens (Wollaston,
1865) (Coleoptera: Curculionidae), Orthotomicus erosus (Wollaston, 1857) (Coleoptera: Curculionidae),
Zonitis praeusta Zonitis flava F., 1775 (Coleoptera: Meloidae), Tapinoma erraticum (Latreille, 1798)
(Hymenoptera: Formicidae), Cataglyphis nodus (Brulle, 1833) (Hymenoptera: Formicidae), Messor
oertzeni Forel, 1910 (Hymenoptera: Formicidae), Oryctes nasicornis L., 1758 (Coleoptera: Scarabaeidae),
Coccinella septempunctata L., 1758 (Coleoptera: Coccinellidae), Harpalus distinguendus (Duftschmid,
1812) (Coleoptera: Carabidae), and Calathus syriacus Chaudoir, 1863 (Coleoptera: Carabidae) with fewer
individuals. Pritha sp. (Araneae: Filistatidae) was only one species from the order Araneae caught in the
entrance zone (Table 5).

A notable result, Dysderocrates sp. (Araneae: Dysderidae) was captured in both entrance and dark
zones with two and five individuals, respectively. Species sampled in all three zones, entrance, twilight,
and dark were Hoplopholcus asiaeminoris Brignoli, 1978 (Araneae: Pholcidae) and Hoplopholcus sp.
(Araneae: Pholcidae). One arachnid, Heteropoda variegata (Simon, 1874) (Araneae: Sparassidae), one
callipodid, Eurygyrus bilselii (Verhoeff, 1940) (Callipodida: Schizopetalidae) and two hexapod,
Laemostenus longicornis Casale, 1988 (Coleoptera: Carabidae), and Ovaliptila alanya Gorochov & Unal,
2012 (Orthoptera: Gryllidae) were captured from twilight and dark zones of KIC. Species only found in dark
zone were Tegenaria percuriosa Brignoli, 1972 (Araneae: Agelenidae), Tegenaria sp. (Araneae:
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Agelenidae), Harpactea sp. (Araneae: Dysderidae), Lepthyphantes pleprosus (Ohlert, 1865) (Araneae:
Linyphiidae), Centromerus sp. (Araneae: Linyphiidae), Troglohyphantes sp. (Araneae: Linyphiidae),
Protoiurus kadleci (Kovarik Fet, Soleglad & Yagmur, 2010) (Scorpiones: luridae), and Troglophilus gajaci
Us, 1974 (Orthoptera: Rhaphidophoridae). Except T. gajaci, most of these were captured with few
individuals (Table 5).

During the study, homogeneous collecting procedures were applied, 159 and 60 individuals were
sampled from KIC and ESC, respectively.

Biological diversity of Erdal Sekeroglu and Kadiini Caves

Results of the biodiversity indices, Shannon-Wiener, Simpson diversity and Shannon evenness,
evaluated by the arthropod assemblages of both caves are given in Table 3.

Species richness was 21 and 26 in ESC and KIC, respectively. ESC was found to be more diverse
(H’ 2.597 and S 0.8961) than KIC (H’ 2.307 and S 0.8112) according to both Shannon-Wiener and Simpson
diversity indices. Shannon evenness results showed that the population density of the species was more
uniformly distributed in ESC than KIC.

Shannon-Wiener's and Simpson’s diversity indices showed that the entrance zones of both caves
were more diverse than the other zones (Table 3). In addition to that, the dark zone of the KIC was more
diverse than the dark zone of the ESC.

Table 3. Results of biological diversity indices for caves and each zone of the caves

Caves & Cave Zones* Sr' Ni2 H* st Sd® EHS
ESC 21 60 2.5940 0.8961 0.1040 0.8523
ESCE 15 26 2.3174 0.8432 0,1568 0.8557
ESCT 1 2 - - - -
ESCD 5 32 1.4615 0.7422 0,2578 0.9081
KIC 26 158 2.3070 0.8112 0.1890 0.7081
KICE 14 23 2.4615 0.8960 0.1040 0.9327
KICT 6 71 1.0304 0.4797 0.5203 0.5751
KICD 15 64 2.3704 0.8857 0.1143 0.8753

* E, entrance zone; T, twilight zone; and D, dark zone (as appended to the habitat names, ESC, Erdal Sekeroglu Cave and KIC, Kadiini Cave);
"species richness; 2Sum of individuals; 3 Shannon-Wiener Diversity index;  Simpson Diversity index; ® Simpson Dominance index,
5 Shannon evenness index.
Similarity of Erdal Sekeroglu and Kadiini Caves and cave zones

The similarity dendrogram built on the base of the Sérensen index showed that there was no
similarity between ESC and KIC, and also between the zones of each cave. It was revealed that there was
the only similarity between the zones in KIC. The twilight and dark zones of the KIC were 48.5% similar to
each other, and the entrance zone was found 13.3% similar to this group (Figure 1). These results show
that the cave ecosystems have their unique species diversity and ecosystems. Also, these results show
that all of the species collected from both caves have limited dispersal ability because they are adapted to
caves. The cladograms for ESC indicate that all of the species have special habitat preferences, but the
cladograms for KIC indicates that some species can inhabit both twilight zone and dark zone. Therefore, it
can be concluded that all of the species in ESC have specific zone adaptation based on light.
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Figure 1. Similarity between arthropod assemblages inhabiting different caves and cave zones based on species composition
(Soérensen index). ESC, Erdal Sekeroglu Cave; KIC, Kadiini Cave; KICE, entrance zone of the Kadiini Cave; KICT, twilight
zone of the Kadiini Cave; KICD, dark zone of the Kadiini Cave; ESCE, entrance zone of the Erdal Sekeroglu Cave; ESCT,
twilight zone of the Erdal Sekeroglu Cave; ESCD, dark zone of the Erdal Sekeroglu Cave (percentages given in parentheses
are calculated separately from the percent similarity).

Indicator species of Erdal Sekeroglu and Kadiini Caves

As a result of the inclusion of rare individuals in the analysis, all of these species were found
statistically significant as indicators for zone description in ESC (P < 0.001). (Table 4). According to ISA,
O. alanya was determined as an indicator species for the twilight zone of the KIC with 82% InV (Table 5),
however, this species was also detected in the dark zone between 1700 and 1800 m ahead in the KIC
(Figure 2). Photograph of the species is given Figure 3.
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Figure 2. Map of the known part of the KIC (2027 m) showing the representation of the cave zones and the distribution of the Ovaliptila
alanya in the cave (distribution of the species is indicated by two circles) (The base map prepared by members of Akdeniz
University Caving Society-AKUMAK).
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Figure 3. Photograph of Ovaliptila alanya, the first insect described from cave mapping (photo by the first author).

Table 4. Indicator species and their indicator values (Monte Carlo test, P < 0.05, 4999 permutations, random number seed of 699) in
the zones of the ESC

Class Order Family Species Z %Inv P* E T D
Ixodoidea Argasidae Carios sp. ? D 100 0.0324 - - 2
Arachnida Dysderidae ? D 100 0.0324 - - 4
Araneae - =
Linyphiidae ? D 100 0.0324 - - 8
Chilopoda  ? ? ? T 100 0.0354 - 2 -
Diplopoda  Callipodida Schizopetalidae  Eurygyrus sp. E 100 0.0382 9 - -
Carabus glabratus Paykull, 1790 E 100 0.0382 1 - -
Carabus graecus Dejean, 1826 E 100 0.0382 1 - -
Carabidae Laemostenus (Antisphodrus) longicornis 00 00324 - - 12
Casale, 1988
?7p7hso)nus (Hesperophonus) azureus (F., D 100 00324 - - 6
Coleoptera
Chrysomelidae Chrysomela populi L., 1758 E 100 0.0382 1 - -
Rhynchaenus asellus Gravenhorst, 1807 E 100 0.0382 1 - -
Curculionidae Ips sexdentatus (Boerner, 1776) E 100 0.0382 1 - -
Hexapoda Larinus curtus Hochhuth, 1851 E 100 0.0382 1 - -
Tomicus minor (Hartig, 1834) E 100 0.0382 1 - -
Camponotus aethiops (Latreille, 1798) E 100 0.0382 1 - -
Hymenoptera Formicidae Messor semirufus (André, 1883) E 100 0.0382 2 - -
Stigmatomma denticulatum Roger, 1859 E 100 0.0382 1 - -
?g;)fia asiatica Desbrochers des Loges, - 4. 00382 1 - -
Coleoptera  Scarabaeidae  cotonjg qurata (L., 1758) E 100 00382 1 - -
Oxythyrea cinctella (Schaum, 1841) E 100 0.0382 1 - -
Lepidoptera Erebidae Scoliopteryx libatrix L., 1758 E 100 0.0382 3 - -

*E, entrance zone; T, twilight zone; D, dark zone and Z, the zone where the species is the indicator
Maxgrp = group identifier for group with maximum observed IV

a Proportion of randomized trials with IV equal to or exceeding the observed IV.

p = (1 + number of runs = observed) / (1 + number of randomized runs).
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Table 5. Indicator species and their indicator values (Monte Carlo test, P < 0.05, 4999 permutations, random number seed of 5733)
in the zones of the KIC

Class Order Family Species Z  %InV p* E T D
Agelenidae Tegenaria percuriosa Brignoli, 1972 D 100 0.0336 - - 1
Tegenaria sp. D 100 0.0336 - - 4
. Dysderocrates sp. E 71 0.6689 2 - 5
Dysderidae Harpactea sp. D 100 00336 - - 1
Filistatidae Pritha sp. E 100 0.0348 1 - -
Araneae Centromerus sp. D 100 0.0336 - - 1
Arachnida Linyphiidae Lepthyphantes leprosus (Ohlert, 1865) D 100 0.0336 - - 1
Troglohyphantes sp. D 100 0.0336 - - 1
Pholcidae Hoplopholcus asiaeminoris Brignoli, 1978 - 33 - 2 2 2
Hoplopholcus sp. - 33 - 3 3 3
Sparassidae Heteropoda variegata (Simon, 1874) T 50 0.6743 - 2 2
Scorpiones  luridae g@;"é‘r’g ue ’;%‘:’S)C’ (Kovarik Fet, Soleglad 4159 00336 - - 4
Diplopoda Callipodida Schizopetalidae Eurygyrus bilselii (Verhoeff, 1940) T 67 0.6743 - 5 11
Calathus syriacus Chaudoir, 1863 E 100 0.0348 1 - -
Carabidae Harpalus distinguendus (Duftschmid, 1812) E 100 0.0348 1 -
Laemostenus longicornis Casale, 1988 T 50 0.6743 - 9 9
Coccinellidae Coccinella septempunctata L., 1758 E 100 0.0348 1 - -

Coleoptera -
L Orthotomicus erosus (Wollaston, 1857) E 100 0.0348 1 - -

Curculionidae .

Tomicus destruens (Wollaston, 1865) E 100 0.0348 1 - -
Hexapoda Meloidae Zonitis praeusta F., 1792 E 100 0.0348 1 - -
Scarabaeidae Oryctes nasicornis L., 1758 E 100 0.0348 1 - -
Cataglyphis nodus (Brullé, 1833) E 100 0.0348 5 - -
Hymenoptera Formicidae Messor oertzeni Forel, 1910 E 100 0.0348 2 - -
Tapinoma erraticum (Latreille, 1798) E 100 0.0348 1 - -
Orthoptera Gryllidae Ovaliptila alanya Gorochov & Unal, 2012 T 81 0.6743 - 50 12
Rhaphidophoridae  Troglophilus gajaci Us, 1974 D 100 0.0336 - - 8

* E: entrance zone, T: twilight zone, D: dark zone, Z: the zone where the species is the indicator;

Maxgrp = group identifier for group with maximum observed 1V;
a Proportion of randomized trials with IV equal to or exceeding the observed 1V;
p = (1+number of runs = observed) / (1+number of randomized runs).

Species richness estimations of Erdal Sekeroglu and Kadiini Caves

The results of the species estimators for both caves showed that there were still some undetected
species in each cave (Table 6, Figure 4). The percentage of the determined species falls between 20%
(ACE) and 81% (Bootstrap) in KIC and between 13% (ICE and Chao 2) and 84% (MMRuns) in ESC (Table
6). Although the range of estimation percentages was similar for both caves, the estimation percentages
of ESC were more similar, apart from ICE and Chao 2.

180 Species Richness Estimators for ESC

Number of species

3 3 4 4
Number of Individuals

140 Species Richness Estimators for KIC

Chao 2 Mean
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obs (Mau Tau)

Bootstrap Mean
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Figure 4. Species accumulation curves for ESC (left) and KIC (right).
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Table 6. The number of the recorded and estimated species, and the percentage of the estimated species number recorded for each cave

KIC ESC
Observed species (Sobs) 26 21
Number of samples 3 3
Number of individuals 158 60
Singletons 14 12
Doubletons 1 3
ACE 131 44
ACE % 20 48
ICE 79 161
ICE % 33 13
Chao 1 123 45
Chao 1 % 21 47
Chao 2 50 161
Chao 2 % 52 13
Jack 1 39 35
Jack 1 % 67 60
Jack 2 44 42
Jack 2 % 59 50
Bootstraps 32 27
Bootstraps % 81 78
MMRuns 42 25
MMRuns % 62 84
MMMeans 67 0
MMMeans % 39 0

Discussion

The arthropod biodiversity of KIC (Antalya, Alanya) and ESC (Isparta, Atabey) was determined. As
a result of the study, 51 arthropod species were detected. These belonged to five classes: 29 Hexapoda,
17 Arachnida, two Chilopoda, two Diplopoda and one Collembola. The species richness and diversity of
insects are similar in these two cave ecosystems as well as other ecosystems of the worldwide. Many
scientific studies in cave ecosystems show that hexapods are more diverse than other arthropod classes.
Additionally, a significant proportion of the arthropod species that are collected in the cave ecosystems are
hexapods (Poulson & Culver, 1969; Schneider et al., 2010; Culver & Pipan, 2018; Niemiller & Taylor, 2019;
Ledesma et al., 2020).

Biodiversity parameters can be measured differently, even in different regions in the same cave
ecosystem. This is due to many ecological factors such as human activity, habitat degradation, nutrient and
availability (Poulson & Culver, 1969). When the caves were evaluated for species diversity, Shannon-
Wiener and Simpson diversity indices showed that the ESC was more diverse than KIC. For species
diversity, results of the diversity indices revealed that the twilight zones in both caves are less diverse than
the entrance zones and the dark zones. Our study thus agrees with similar studies conducted on species
diversity of arthropods inhabiting different cave zones (Prous et al., 2004; Tobin et al., 2013; Kurniawan et
al., 2018). However, most of these studies have revealed that the state of diversity varies between zones
depending on the many biotic and abiotic factors (Tobin et al., 2013). Also, it is known that diversity
increases with the increasing area because the larger area has more habitats and niches to be able to
support a larger variety of species (MacArthur & Wilson, 1967). When considering the length of the caves,
the results of the present study are inconsistent with this theory. There is some knowledge of human
activities from the Chalcolithic Age-Early Bronze Age in the KIC (Yilmaz Usta, 2019). So, the lower species
diversity in KIC may have been caused by anthropogenic activities (such as habitat destruction and
modification) from nearly 5,000 BC to today in this cave. The abundance of the species living in the entrance
zone and accidentally fall into the cave should also be considered.
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The arthropod assemblages inhabiting in the three cave zones in each cave were compared. The
similarity dendrograms built on the base of the Sérensen index showed that there was no similarity between
ESC and KIC and between similar zones in both caves. However, the twilight zone and dark zone of the
KIC had 48% similarity and these two zones had 13% similarity with the entrance zone of this cave. It
should be taken into consideration that one of the factors that increased the similarity between the twilight
zone and the dark zone may be caused by the unexpected distribution of O. alanya. Despite this eventuality
it is clear that the arthropod assemblages of the twilight zones of both caves are more similar to the
assemblages of the dark zones. The higher similarity among these arthropod assemblages is caused by
the higher abiotic similarity among the twilight and dark zones. These results are found similar to those of
other studies (Kurniawan et al., 2018).

When species compositions of both caves have taken into account at the species level, results
showed that both caves have unique species composition. However, when the species compositions of
both caves are considered at the family level, it was found that taxa in the twilight zone and the dark zone
of both caves belong to the same families. These situations may be due to two reasons. Firstly, species-
level differences can arise from the geographical distance between the caves. Secondly, family-level
similarity can arise from the fauna of in each cave being descended from similar ancestral fauna.
Considering similarities of cave zones, although KIC was longer than ESC, the similarity among the cave
zones in KIC was higher than ESC. There may be two reasons for the zone similarity of KIC. Firstly, food
may be carried into the dark zone by cavers and animals due to the structure of KIC. Secondly, the dark
zone of the KIC could be connecting to the outside with small cracks. In other words, the zones of the ESC
are better separated from each other. However, many arthropods seem to delimit that transition zone based
on light penetration, salinity, supply of nutrients and other factors (Wittmann, 2004).

No study to date has examined insects as indicators in cave mapping. In present study we
investigated whether there is a species that can be used as a biological indicator. ISA showed that O. alanya
can be used as an indicator species for the twilight zone of the KIC with 81% InV. It is quite unlikely that this
species would also be concurrently collected from the dark zone of the KIC. Under normal circumstances,
the indicator value of the species must have been found 100% in the twilight zone (Taylan et al., 2020) This
significant distribution pattern of the O. alanya could be due to another undiscovered entrance of the cave
or small cracks connecting the dark zone (actually twilight zone if the light comes in) of the KIC with the
external environment. In this context, this species appears to be potentially useful in cave mapping.

Completeness of the arthropod inventory was calculated by using species estimators. According to
all of the species estimators, the species estimates for KIC ranged from 20 to 81% and the species
estimates for ESC ranged from 13 to 84%. Similarly, Wynne (2014) stated that none of the accumulation
curves neared an asymptote in the studied four caves. In the present study, the results show that species
estimators are reasonably incomplete and all of the estimators agree in their values that there are still
undetected species in each cave. The high amount of rare species and sampling limitations made species
richness estimation more challenging in the both caves ESC and KIC. Due to the large number of rare
species in cave ecosystems the number of species predicted by species richness estimators is large
(Schneider & Culver, 2004; Chao & Chiu, 2016).

In conclusion, the present study (1) highlights the need for further studies to determine the complete
fauna in both caves and (2) shows that each cave and its zones have a unique fauna, and warrant
conservation on this basis. Also, the study highlights that there are limited studies of the biodiversity and
ecological parameters of arthropod assemblages on the cave ecosystems (Prous et al., 2004; Tobin et al.,
2013; Wynne, 2014; Kurniawan et al., 2018).
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An additional conclusion is our results demonstrate how insects can be used in cave mapping, and
in supporting caves protection and conservation. The study is a small, but crucial, step towards
understanding biodiversity patterns in these important but poorly documented ecosystems. This is key
given the role of these species have in the food chains and in light of their vulnerability to changing
environmental conditions. We argue strongly that trogloxene and troglophile arthropods should be taken
into consideration before any decision to open the cave for tourism. Follow up work is urgently needed in
this area before known and unknown species become extinct.
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