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ABSTRACT

The faunal composition, altitudinal distribution, habitat preferences, seasonal changes in abundance
and chorology of darkling beetles of Mount Davraz were studied in 2014. A total of 15 species that belong
to 13 genera in three subfamiles were found in the research area. Dailognatha quadricollis, Pimelia
subglobosa polita and Blaps tibialis were the most common species. The highest number of species (12)
was collected during June at the elevations of 1800-2100 m. It was determined that individual number of
the beetles reach the highest level in the summer season and the lowest in the autumn. Also, the most
diverse habitat type was the steppe environment. In terms of the zoogeographical composition, the two
species (Raiboscelis coelestinus and Blaps jeannei) are endemic to the fauna of Turkey. Except for these
species, it was found that the remaining species are commonly distributed in East Mediterranean part of
West Palaearctic region.
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INTRODUCTION

Darkling beetles occur in all major zoogeographic regions (Palaearctic, Nearctic,
Neotropic, Oriental and Ethiopian etc.) (Fattorini, 2000). They are specially diverse and
abundant in semi-arid or arid regions all over the world, and considered as biological
indicators of these environments (de los Santos et al., 2000). Members of this family
are also used as model organisms in areas of extraordinarily high biological diversity
(biodiversity hotspots) (Fattorini, 2006; Papadopoulou et al., 2009). They live mostly
in the soil, under logs and rocks, and in leaf litter (Mani, 1968; Borror et al., 1989;
Daly et al., 1998; Wiggins et al., 2007; Ghahari et al., 2010; Thakare et al., 2012).
Tenebrionids usually feed on plant parts, including decaying plant litter, dead wood,
pollen, fungi and algae. Some of them are scavengers, myrmecophiles, predators
and cannibalistic. Some tenebrionid species are associated with stored grain and
considered as common pests of crops (Brendell, 1975; Borror et al., 1989; Booth et
al., 1990; Daly et al., 1998; Fattorini, 2000; Lillig et al., 2012; Thakare et al., 2012).

The Turkish Tenebrionidae fauna contains about 543 species, including the recent
contributions of Canpolat and Hasbenli (2012), Nabozhenko and Keskin (2014),
Chigray et al. (2015a-b) and Keskin et al. (2017). Up to now, some important studies



80
KORKMAZ, D., GOK, A.

on the Turkish Tenebrionidae fauna have been carried out by Ferrer and Soldati (1999),
Tezcan et al. (2004a-b), Keskin and Cevik (2004), Keskin (2005), Keskin and Ferrer
(2006), Nabozhenko and Tichy (2006), Keskin and Yagmur (2008), Nabozhenko and
Keskin (2009-2010-2013-2014-2016), Keskin and Nabozhenko (2010-2011-2012-
2015), Nabozhenko (2011), Chigray et al. (2015a-b), Keskin et al. (2017). Although
the darkling beetle fauna of Turkey is relatively well studied, new species are still
being discovered (e.g. Nabozhenko and Keskin 2014-2016, Keskin and Nabozhenko
2015, Chigray et al. 2015a-b, Nabozhenko et al. 2016).

Davraz Mountain which is an extension of the west Taurus Mountains constitutes one
of the important highlands of Turkey because of its zoogeographical location. Although
several works have reported presence of some tenebrionid species in the area (Ferrer
and Soldati 1999, Grimm and Schawaller 2000, Leo and Fattorini 2000, Nabozhenko and
Tichy 2006, Chigray et al. 2015a), there are no studies in detail describing the tenebrionid
composition of Mount Davraz. Therefore, main objectives of the present study are to provide
information on faunal composition, habitat preferences, altitudinal distribution, phenology
and zoogeography of darkling beetles inhabiting Mount Davraz.

MATERIAL AND METHODS

This study was carried out at Mount Davraz (Isparta), located in Southern Turkey
(37°43'N-37°47'N, 30°41'E-30°46'E). Mount Davraz (2637 m altitude) presents many
different habitat types such as forest, shrub, steppe and meadow environments.

Field surveys were performed from April to November in 2014, the surveys in the
remaining months were not carried out efficiently because of heavy snow. Darkling
beetle sampling was performed between 8.00-18.00 h during each sampling visit,
which was conducted every two weeks, and the entire altitudinal range (900-2400 m)
was divided into five 300 belts. The specimens were collected using pitfall traps and by
hand collecting under stones and on the ground. A total of 50 pitfall traps (10 per belts)
were randomly placed with a minimum distance of 30 m between traps. Also, the first
author spent one hour walking randomly throughtout each belt, sampled underneath
the rocks and on the ground in the sampling areas. The collected specimens were
preserved in ethylene glycol in storage boxes. GPS information on locality and altitude,
date of collection, collecting method, vegetation on which species were found and
number of species collected was recorded. Ecological and zoogeographical notes, habitat
preference were also given for each species. Lobl and Smetana (2008) was followed for
the classification, nomenclature and distributional data of darkling beetles. Specimens
were examined using a stereomicroscope and species were determined taxonomically
using the identification keys by Reitter (1892-1900-1903-1907-1915-1917-1920).

RESULTS AND DISCUSSION

A total of 1650 specimens that belong to 15 species in 13 genera were collected.
Ecological and zoogeographical remarks of collected species are briefly presented below.
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Zophosis punctata Brulle, 1832

Zophosis punctata is a psammophilic, geophilic and eurytopic species. It is an
uncommon species in Mount Davraz, where it was found in steppe habitats. This
Mediterranean species has a continous distribution from Spain and Morocco to
Kazakhstan.

Dailognatha quadricollis (Brulle, 1832)

Dailognatha quadricollis is a xerophilic, geophilic and myrmecophilous species.
It is a very common species in the study area and was often found under Astragalus
microcephalus shrubs in Mount Davraz. The distribution of the species is restricted
to the Balkans and Anatolia.

Tentyria rotundata mittrei Solier, 1835

It is a geophilic, psammophilic and stenotopic species often collected from areas
where steppe and shrub vegetation were dominant. It is a rare speices in Mount Davraz
where it prefers sandy and sandy-clay soil. It was also collected under Astragalus
microcephalus in the subalpine area. The subspecies is confined to Greece and Turkey.

Pimelia subglobosa polita Solier, 1836

Pimelia subglobosa polita is a geophilic and eurytopic subspecies. It is a very
common taxon generally found in diverse habitat types such as steppe, shrub and
forest. The samples were more frequently observed in moist and sun-exposed areas
than in dry areas. It was also more common in areas with brown forest soil. The
subspecies is distributed in Turkey, Bulgaria, Greece and Romania, Macedonia,
Ukraine, the Southern European region of Russia and Kazakhstan.

Pachyscelis quadricollis Brulle, 1832

It is a xerophilic, geophilic, myrmecophilous and detritivorous species. It is a
relatively rare species generally found in steppe and shrub vegetation. This species
was generally observed in arid areas associated to ant nests belonging to Messor
sp. This species is only distributed in Turkey and Greece.

Gnaptor prolixus Fairmaire, 1866

Gnaptor prolixus is a geophilic and detritivorous species. It is uncommon species
generally collected in subalpine steppe and alpine rocky-open habitats. This species
was often found under Astragalus microcephalus shrubs and Verbascum spp. leaf-litter
in the colder months, especially in October-November. It is endemic to Turkey.

Blaps tibialis Reiche and Saulcy, 1857

Blaps tibialis is a geophilic and detritivorous species. It is a very common species
generally found in diverse habitat types such as meadow, steppe and forest in
Mount Davraz. The species was also collected under Astragalus microcephalus
and Verbascum spp. leaf-litter in the colder months. This species has a continous
distribution along the Balkans, Anatolia, and the Southern European Region of Russia.
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Blaps jeannei Ferrer and Soldati, 1999

Blaps jeannei is a geophilic and detritivorous species. This species is relatively
common in Mount Davraz, where it was collected in meadow, steppe and forest
environments. Specimens were often found under Astragalus microcephalus and
Verbascum spp. leaf litter. It is endemic to Turkey.

Dendarus tenellus (Mulsant and Rey, 1854)

Dendarus tenellus is a geophilic and psammophilic species mostly collected in
steppe environments in the semi-arid subalpine area. Itis a common species and often
found under Astragalus microcephalus and dead leaves of Verbascum spp. in the
colder months. The distribution of this species is limited to Iraq, Turkey and Greece.

Dendarus coelatus Brulle, 1832

Dendarus coelatus, is an uncommon geophilic and psammophilic species collected
only in subalpine steppe environments at 1215 m in April. This species has a limited
distribution in the South-east of the Western Palaearctic.The species is distributed in
Italy, Albania, Greece and Turkey.

Pedinus strabonis Seidlitz, 1893

This is a relatively common species in Mount Davraz. It is a geophilic species mostly
collected from subalpine steppe environments and under stones in the alpine area. It
is a typical Caucassian species distributed in Azerbaijan, Armenia, Turkey and Iran.

Gonocephalum granulatum pusillum (Fabricius, 1791)

G. granulatum pusillum is a geophilic, xerophilic and detritivorous subspecies
mostly collected from steppe habitats and areas with reddish-brown Mediterranean
soils. It is an uncommon subspecies in Mount Davraz, where it is more frequently
observed in arid areas than moist areas. This subspecies is widely distributed in the
Western and Central Palaearctic.

Opatrum alternatum Kiister, 1849

Opatrum alternatum, is a common geophilic, psammophilic species mostly collected
in steppe habitats and dominant in areas with reddish-brown Mediterranean soils. This
species was also collected from soils burrowed by moles and under stones. Opatrum
alternatum has a distribution confined to Greece, Romania and Turkey.

Raiboscelis coelestinus (Waltl, 1838)

Raiboscelis coelestinus is a geophilic species mostly collected under stones in a
stony mixed grassland area. It is an uncommon species in Mount Davraz. The species
has a limited distribution including Turkey and Greece.

Omophlus turcicus Kirsch, 1869

It is an uncommon phytophagous species collected from moist areas where
grassland is dominant. This species is confined to Greece, Macedonia, and Turkey.
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Faunistic remarks

As a result of collections in the study area, we found 15 species that belong to
13 genera (Table 1). Four taxa, although having previously been reported from the
Mount Davraz (Ferrer and Soldati, 1999; Grimm and Schawaller, 2000; Nabozhenko
and Keskin, 2017), were not found in this study: Probaticus tenebricosus (Brulle,
1832), Helops glabriventris glabriventris Reitter, 1885, Colpotus vogti Koch, 1944
and Odocnemis perarmatus Nabozhenko and Tichy, 2006.

Table 1. Number of species, dominance percentages, habitat preference and altitudinal distribution (TN:
Total Number, D(%): Dominance percentages, A: 900-1200 m, B: 1200-1500 m, C: 1500-1800 m,
D: 1800-2100 m, E: 2100-2400 m).

SpecieS Apr | May | Jun Jul Aug | Sep | Oct Nov TN D(%) | Shrub | Forest | Meadow | Steppe Altitude
Blaps tibialis 14 54 55 13 16 57 B) 5 217 13,15 + + + A, C,D,E
B. jeannei 6 18 50 17 8 43 3 2 147 8,91 + + + A C,D,E
Dendarus tenellus 15 48 8 6 3 55 = 3 138 8,36 + C,D
D. caelatus 1 - - - - - - - 1 0,06 + B
Dailognatha quadricollis = 1 86 150 | 219 19 = = 475 | 28,78 2 o @ A, C,D,E
Gnaptor prolixus 2 1 3 - 1 2 - - 9 0,54 + C,D
I(J.':‘[j)gnﬂz/);;phalum granulatum 4 3 2 ~ 1 _ ~ 10 06 " I D
Omophlus turcicus 2 - 2 0,12 + D
Opatrum alternatum 82 17 6 17 4 g 129 7,81 + B,C,D
Pachyscelis quadricollis - 18 2 - 3 - - - 23 1,39 + + A D
Pedinus strabonis 2 2 1 4 9 5 36 - 59 3,57 + + A,B,C,D
Pimelia subglobosa polita 15 173 82 70 18 35 1 6 425 25,75 + + + A/B,C,D,E
Raiboscelis coelestinus - - 2 - - 2 - - 4 0,24 + C,D
Tentyria rotundata 4 2 - - 1 2 1 - 10 0,6 + + A, B,C,D
Zophosis punctata 1 - - - - - - - 1 0,06 + B

TOTAL 142 | 338 | 300 | 279 | 278 | 225 47 16 1650

Habitat preferences

Results show that steppe and meadow habitats were inhabited by a higher number
of darkling beetle species (13 and 7 species, respectively) than forest and shrub
habitats (3 species in each habitat type) in Mount Davraz (Table 1). Crawford (1981)
has reported that tenebrionids are abundant in steppe and grassland environments.
Anastasiou et al. (2002) reported that the tenebrionids prefer the subaplin areas where
the bush-steppe vegetation predominates, while the areas with coniferous trees prefer
the least. Our results are consistent with the mentioned literature.

Among the Tenebrionidae species collected from Mount Davraz, Blaps tibialis, B.
Jeannei, Dendarus tenellus and Dailognatha quadricollis were found under Astragalus
microcephalus, a small shrub, especially during the autumn season at 1500 m.
These species were also collected under leaves of Verbascum spp. Shrubs provide
both protection from insolation, predators (Ayal and Merkl, 1994) and cold weather
conditions, as well as detritus that accumulate under the shrub canopies which
constitute the main food supply for beetles (Krasnov and Shenbrot, 1997).

Dailognatha quadricollis and Pachyscelis quadricollis were collected from the
vicinity of Messor sp. nests in arid areas. Crawford (1981), Rogers et al. (1988),
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Sanchez-Pinero and Gomez (1995) similarly reported that tenebrionids are observed
in nests of Messor sp. It is believed that the reason for observing these species in
nests of Messor sp. is that they feed on seeds and debris accumulated around the
nests. In addition, Sanchez-Pinero and Gomez (1995) also pointed out that feeding on
ant-nest debris by darkling beetles expand their trophic ranges and reduce competition
with other species. Furthermore, these authors consider that ant nests are preferred
by some tenebrionid species because they also lay their eggs nears the nests during
oviposition period.

Altitudinal preference

In this study, the highest number of individuals (1164 specimens) was collected in
meadow and steppe environments at 1800-2100 m elevation, while the lowest number
of beetles was collected in alpine areas at 2100-2400 m elevation (47 specimens)
(Fig. 1). Higher elevations of mountains are unsuitable due to influence of various
environmental factors (air temperature, carbon dioxide and oxygen levels, water
vapor pressure, ultraviolet radiation, vegetation structure, etc.) (Mani, 1968; Daly et
al., 1998). Konstantinov et al. (2009) have reported that mountains in the Palearctic
region are rich in terms of insect diversity, but their diversity decreases towards
higher altitudes. Similarly, Anastasiou et al. (2002) have emphasized a reduction in
the number of individuals of Tenebrionidae in alpine areas compared to subapline
areas because the alpine zone of the mountains, like the polar tundra regions, is a
zone in which few plants can survive and the extinction rate of immigrant species is
likely to be high (Cox et al., 2016).

Altitudinal distributions of species were evaluated according to elevation ranges
(vertical intervals) which were determined as 300 meters (A: 900-1200 m, B: 1200-1500
m, C: 1500-1800 m, D: 1800-2100 m, E: 2100-2400 m). When the species were
analyzed with respect to vertical distributions (Table 1), interval D has the most number
of species with 13 species, followed by intervals C with 11 species, A and B with 7
species, E with 4 species (Fig. 2). Among them, Pimelia subglobosa polita is the only
species found in all altitude ranges. The most widely distributed species following
that are Blaps tibialis, Blaps jeannei, Dailognatha quadricollis, Pedinus strabonis and
Tentyria rotundata mittrei.

2100-2400m &2 47

1800-2100 m ) 1164
1500-1800 m ) 289

12001500 m () 93

900-1200m () 57
0 200 400 600 800 1000 1200
Individual Number

Fig. 1. Individual numbers on Mount Davraz with respect to different altitude ranges.
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Fig. 2. Number of collected species according to vertical distribution in research area.

Phenology

The species composition and abundance of the tenebrionids are seasonally
variable (Pierre, 1958; Rickard, 1970; Holm and Edney, 1973; Nepesova, 1980). Most
tenebrionids are active only in spring and summer, passing the winter as larvae or
as hibernating adults (Fattorini, 2008). This pattern of life history might explain the
tolerance to winter length and very low winter temperatures (Fattorini and Ulrich, 2012).
Also, Doyen and Lawrence (1979), Watt (1992) and Ghahari et al. (2010) have reported
that tenebrionids can hide in soil and in nests of other animals during winter. Our field
data showed that the activity period of specimens was mainly concentrated between
spring and summer season. Fattorini (2008) and Ghahari et al. (2010) reported that
tenebrionids are active in the spring and summer season. Also, Krasnov and Ayal
(1995), Anastasiou et al. (2002) and Li et al. (2013) have found that tenebrionids
showed the highest abundances in spring, and the lowest number of individuals in
autumn. When the phenology of the species was analyzed, Pimelia subglobosa polita
and Opatrum alternatum were the dominant species in spring, Dailognatha quadricollis
and Pimelia subglobosa polita in summer, and Blaps tibialis and Dendarus tenellus in
autumn (Fig. 3). The number of collected species was the highest in June (12 species)
while the lowest number of species corresponded to November (4 species) (Fig. 4).

500

450
400
350
300

individual Number

N Spring 3 Summer = Autumn

Fig. 3. Seasonal phenology of the species.
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Number of Species

Fig. 4. Number of species according to collecting months.

Zoogeographic remarks

Each species in the faunistic list is assigned to one of the chorotypes proposed
by Vigna Taglianti et al. (1999) and also distribution in Turkey is presented in Table
2. When the identified species are assessed as per their zoogeographical regions,
it is observed that 13% of species (2 species) are endemic to the fauna of Turkey.
Among the remaining species, 60% are (9 species) present in East Mediterranean,
7% in Centralasiatic-Europeo-Mediterranean, Turanian, Turano-Mediterranean and
South European zoogeographical regions (1 species for each) (Fig. 5). In addition
to this, most of the species collected from Mount Davraz are Mediterranean faunal
elements with distributions in East Mediterranean countries. When Zophosis punctata
and Gonocephalum granulatum pusillum are compared with other species, they attract
attention as species having the widest distribution in the Palaearctic Region.

Table 2. Distributions in Turkey: 1, Marmara Region (MAR); 2, Aegean Region (AEG); 3, Mediterranean
Region (MED); 4, Central Anatolian Region (CAR); 5, Black Sea Region (BSR); 6, Eastern Anatolian
Region (EAR); 7, Southeastern Anatolian Region (SAR). Zoogeographical distributions: ETr, endemic
for Turkey; SEU, South European; EME, East Mediterranean; CEM, Centralasiatic-Europeo-Mediter-
ranean; TUR, Turanian; TUM, Turano-Mediterranean

Species SAR | MR | AR | EAR | BR | MDR | CA
Blaps tibialis + + + + - + +
B. jeannei + + + + - + +
Dendarus tenellus + - + + + + +
D. caelatus - - + - - + +
Dailognatha quadricollis + + + + + + +
Gnaptor prolixus + - + + + + +
Gonocephalum granulatum pusillum + - + + + + +
Omophlus turcicus - + + - + +
Opatrum alternatum - + + - + +
Pachyscelis quadricollis - - + - - +
Pedinus strabonis + + + + + + +
Pimelia subglobosa polita - - + - - +
Raiboscelis coelestinus - - + - - + +
Tentyria rotundata + + + + + + +
Zophosis punctata - - + + - + +

In order to evaluate the collected species, with respect to the regions of Turkey, 21% of
species are distributed in the Mediterranean and Aegean Regions (15 species), followed by
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16% in the Central Anatolian Region (11 species), 13% in Eastern Anatolian (9 species),
10% in Southeastern Anatolian and Marmara (7 species), and 9% in Black Sea regions
(6 species) (Fig. 6). Also, the four species in the assemblage show two different patterns:
while Pachyscelis quadricollis and Pimelia subglobosa polita are restricted to AEG and
MED regions, Dailognatha quadricollis is found in all the regions of Turkey (Table 2).

SEU
TUR 7%
%

CEM
6%

EME

Etr 60%

13%

Fig. 5. Zoogeographical composition of Tenebrionidae species.

BSR
9%

MED

AEG
21%

CAR
16%
®EMED ®AEG ®=CAR =EAR ®SAR ®=MAR ®BSR

Fig. 6. Distriburion of species according to different geographical regions of Turkey.

Results presented here establish baseline data for faunistic composition and some
ecological characteristics of darkling beetles of Mount Davraz and can serve as a
reference study for future research. Also, the study contribute to biological richness of
the Mediterranean Region of Turkey. We strongly suggest similar studies to investigate
darkling beetles existence in different regions of Turkey.
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