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most often starts in the lower part of the tree, where the oldest leaves are found. Older
larvae feed inside silk webbing and skeletonized leaves of host plants, leaving only
the midribs, and occasionally the outer margin, intact. Webbing, frass, and molted
black head capsules were also observed. The two-color form of imago was detected
in native boxwood forests found in the Caucasus region. First, one the most common
color form of adults has a thick dark brown fringe of uneven width around the edges
of white-colored wings with a wingspan of around 4 cm (Fig. 6). Another less common
color form of imago, has completely brown wings, except for a small white streak
on the forewing (Fig. 7). The pupae were in cocoons of white webbing spun among
foliage on boxwood trees. The winter stage of the box tree moth as a larva protected
in a cocoon spun between Buxus leaves was observed in November 2015 (Fig. 8).

Figs. 1-2. 1. Fully defoliated native boxwood forests in the Djumari, Guria Region in summer 2015. (Pho-
tographed: Aug. 1, 2015 by I. Matsiakh). 2. Damaged and dead boxwood trees in Kirnati vil., Autono-
mous Republic of Adjara (Photographed: Novemb. 3, 2015 by |. Matsiakh).

Figs. 3-4. 3 Native boxwood trees (Buxus colchica) after infestation of Cydalima perspectalis near the
Mirveti waterfall, Autonomous Republic of Adjara (Photographed: Novemb. 3, 2015 by |. Matsiakh) 4.
Trunks of boxwood trees debarked by the box tree moth in the Kirnati vil., Autonomous Republic of
Adjara (Photographed: Novemb. 7, 2015 by |. Matsiakh).
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Figs. 5-6. 5. Mature C. perspectalis larva feeding on a boxwood leaf (Photographed: Novemb. 6, 2015 by
V. Kramarets). 6. Imago of the box tree moth with a typical brown and semi-transparent white wing
pattern (Photographed: Novemb. 6, 2015 by V. Kramarets).

e

Figs. 7-8. 7. Imago of the box tree moth with virtually fully brown wings (Photographed: Novemb. 7, 2015
by I. Matsiakh). 8. The winter stage of the box tree moth larva protected in a cocoon spun on Buxus
leaves (Photographed: Novemb. 7, 2015 by V. Kramarets).

During the short period of the research study, the number of the box tree moth
generations was not possible to determine. It is known that two generations per year
occur in Central Europe (Nacambo et al., 2013), while in China the number of the
box tree moth generations per year varied between three and five (Chen et al., 2005;
She and Feng, 2006). Initial observations in the Sochi region of southern Russia
have shown that the insect pest may have from two to four generations per year
(Gninenko et al., 2014). The researchers found 2nd and 3rd instars under natural
conditions in Sochi in late October 2013, and the larvae actively crawled, but only a
fraction of them fed in mid-November (Gninenko et al., 2014). In addition, Gninenko
et al. (2014) mentioned that the latest generation of C. perspectalis may develop with
the timing of certain phases partially overlapping. Late pupae and third-generation
females occurred in nature, and 1st and 3rd instars of the next “wintering” generation
were observed in late October. It is very important to establish the development
cycle of this species and the total number of complete generations per season in the
Caucasus region. Due to its multivoltine capacity to develop several generations per
the year in its native conditions (Maruyama and Shinkaji, 1993, Zhou et al., 2005),
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the subtropical climate of the Caucasus region contributes to the development and
nutrition of larvae, which increases their ability to spread. Moreover, the large size of
adults and their ability to migrate 7-10 km per year (Leuthardt et al., 2010) and the
presence of a sufficient number of boxwood trees in the forests, the landscaping of
cities, villages, churches, and cemeteries, might create an additional threat to native
boxwood forests in the Caucasus region. It is known that one of the features of an
altered state of biocoenosis is a violation of forest layering (Jonsson, 2012). In the
research, a large amount of excrement was found on the surface of the soil that may
be a source of mineral nutrients for grass, and in some places, direct sunlight may
reach the lower tiers of shade-tolerant plants. Presumably, this is beneficial to the
growth of grass cover, as air circulation does not violate the dense mats of decaying
leaves. In this particular case, the displacement of weakened boxwood by plants and
shrubs from the lower vegetation layers was observed.

In our opinion, entirely new succession and biocoenosis will change existing
boxwood forests. Having destroyed its primary source of food, the pest will begin to
feed on other plants and tree species. The main host plants of C. perspectalis are
Buxus species including B. sempervirens L., B. microphylla Siebold and Zucc., Buxus
balearica Lam., B. sinica (Rehder and E. H. Wilson) M. Cheng and B. colchica. In its
various countries of origin, the studied pest has also been reported on Euonymus
Japonicus Thunb., E. alatus (Thunb.) Siebold (Celastraceae), llex purpurea Hassk.
(Aquifoliaceae), Pachysandra terminalis Siebold and Zucc. and Murraya paniculata (L.)
Jack (Rutaceae), but still there are no reports of these plant species being attacked in
Europe (Wang, 2008; Hizal et al., 2012; Bella, 2013). In the Imereti (Zestaponi) and
Adjara Regions, where C. perspectalis has destroyed all local boxwood plants, larvae
of the box tree moth have been found on Rubus spp., Ruscus colchicus Yeo, Rubus
fruticosus L. and Smilax excelsa L. Nevertheless, infestation with C. perspectalis
also was discovered on Ruscus colchicus Yeo, R. aculeatus L., Eriobotrya japonica
(Thunb.) Lindl., Acer campestre L., Fraxinus excelsior L. and Rubus spp. in the city
of Sochi (Trokhov and Kaurova, 2015). Those visible damages have been observed
in very rare occasions and it is not very likely that box tree moth has an impact on
phytocoenosis in a more general sense. On the other hand, Euonymus spp. and llex
purpurea that widely distributed in Transcarpathia (West Ukraine) have been mentioned
as the alternative hosts that may increase the risk of damage by this invasive pest to
be distributed in other parts of the Ukraine (Nagy et al., 2017).

It remains unknown if generalist or specialized natural enemies of C. perspectalisin
the Caucasus can feed on larvae and imagines of this insect. Nevertheless, eco-friendly
regulation using predators and parasitoids (Chrysoperla carnea Stephens, Harmonia
axyridis Pallas, Orius majusculus Reuter and Trichogramma wasps) was discussed
by Herz and Géttig (2015) and Tabone et al. (2015). Acceptance tests by Gottig
and Herz, (2016). with eight Trichogramma species showed that there is a present
acceptance of C. perspectalis as a host especially for T. dendrolimi (Matsumura, 1926),
but parasitism was low for all the studied species (maximum mean: 44%) (Gottig and
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Herz, 2016). Tachinid Pseudoperichaeta nigrolineata (Walker, 1853) has emerged
from late larval instars, but none of the 194 pupae collected during field surveys had
become parasitic (Nacambo, 2012). The use of an Asian host-specific natural enemy
for classical biological control has to exclude potential negative effects on non-target
species of lepidopteran families native to Europe (Wan et al., 2014).

There are no specialized enthophages of C. perspectalis have been reported in
the studied region. Thus, one research approach may be to search for specialized
entomophagous species in natural habitats as well as their introduction into the
Caucasus region. From March 2015 through April 2015, more than 1,100,000
individuals of the entomophagy Chouioia cunea Yang (Hymenoptera: Eulophidae)
were introduced to native boxwood forests in Sochi National Park (Tuniyev et al.,
2016). During April 2015, eight beehives of Fabra populated by the wasp Euodynerus
posticus Herrich-Schaeffer, were established in the Adler Forestry (Tuniyev et al.,
2016). This practice may be a sensible solution aimed to reduce the negative impact
of herbivore invaders, however requires a large amount of investment as well as
a thorough analysis of all possible risks from the released new parasites and their
effects on other native local insects. It has shown that biological insecticide produced
from the soil bacterium Bacillus thuringiensis var. kurstaki (Berliner, 1915) may be
used to successfully C. perspectalis caterpillars control (Cawoy et al., 2011, Lacey
et al., 2015). A new means used to control the box tree moth using the baculovirus
Anagrapha falcifera nucleopolyhedrovirus (AnfaNPV) have been recently investigated
(Rose et al., 2013). Laboratory experiments have demonstrated susceptibility of C.
perspectalis to AnfaNPV.

There are no available studies connected with a search for fungi or bacteria
that can cause disease in the box three moth in the Republic of Georgia. In our
opinion, the study on effective special biological agents may serve as potentially
promising pathways towards their development as microbial control agents against C.
perspectalis. Intraspecific competition for food as the most radical level of influence is
included in the massive outbreaks of the box tree moth. With a shortage of food, some
larvae die, while others move towards nourishment via inappropriate - or unsuitable
for them - host plants. This might cause a reduction in larva survival rates and sharply
reduces the fecundity of adults, finally leading to a very rapid attenuation of a herbivore
outbreak. The quick reproduction of the box tree moth and the depletion of fodder
may pursue the pests to actively search for new forage plants. The adaptation to new
sources of nourishment may ensure survival of C. perspectalis in the Caucasus area.

The successful acclimatization of this species is also enhanced; adaptation to
new forage plants with the absence of natural mechanisms of regulation of pest
populations serve as a significant threat to the natural vegetation of the studied region.
The penetration of box tree moth into the native boxwood forests is also alarming and
compounded by the defeat of B. colchica by the boxwood blight pathogen. The first
published data on the discovery of C. buxicola in the Republic of Georgia became
available in 2011 (Gorgiladze et al., 2011). Today, the pathogen is observed in four
regions of the country (Matsiakh, 2015). The box tree moth is spreading in the Republic
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of Georgia during two years after its introduction in Batumi. The pest has either spread
naturally or has been introduced by man multiple times in the study area. As a result,
it is now established widely in the western part of the country and in many places
across Europe (Nacambo et al., 2013).

This is the first well documented record of C. perspectalis in the Caucasus region, and
based on its reproductive potential, it may be expected that it will rapidly spread into other
regions of the Republic of Georgia, substantially damaging native boxwood forests and
becoming a threat to the existence of Buxus colchica as a species in the Caucasus region.
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ABSTRACT

Plant communities made up by trees and shrubberies, which grow in the vicinity of orchards,
constitute important elements of ecological infrastructure enriching these agrocenoses. The study was
conducted in an orchard environment composed of apple orchards and their edges, such as agricultural
fields, shrubberies and a road lined with trees and shrubs. The aim of the study was to determine the
influence of diversity level of edge plants of an apple orchard on the quantitative and qualitative structure
of parasitoid communities of the Pimplinae subfamily in the orchards. It was found that in an orchard
environment composed of an apple orchard and well-developed edge plants a species diversity and
abundance of parasitoids were higher than in an orchard environment composed of an orchard and
neighbouring agricultural areas. It was established that the apple orchard edge, which was characterised
by the highest species diversity of plants (road), influenced mainly the qualitative structure of parasitoids
of the Pimplinae subfamily occurring in the orchard. It was found that the road as the orchard edge was
the most attractive habitat for parasitoids. To sum up: the presence of edge plant communities which
are well-developed and highly diversified in species favours species richness and the abundance of the
parasitoids of the Pimplinae subfamily of the orchard environment.

Key words: Apple orchard, hymenoptera, parasitoids, Pimplinae, plants of orchard edge, Poland.

INTRODUCTION

The plant life of tree and shrubbery communities in agricultural areas stabilises
and differentiates natural features of a cultural landscape. A diversified landscape
structure, which includes woodlots, meadow communities, water bodies, remains of
natural forests and planted native trees and shrubs, increases the diversity of fauna
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and flora, thus strengthening self-regulatory mechanisms in agrocenoses (Hunter,
2002; Piekarska-Boniecka et al., 2008a, 2015; Macfadyen et al., 2009; Holzschuh et
al., 2010; Maisonhaute and Lucas, 2011; Kopta et al., 2012; Lu et al., 2014). Plant
communities in the forms of woodlots and shrubberies in the vicinity of orchards are
important elements of ecological infrastructure, which enrich those agrocenoses. Due
to high density and species diversity such greenery creates favourable environmental
conditions for entomophages, including the parasitoids of the Ichneumonidae family.
It provides them with food such as pollen or nectar, shelter and wintering place for
imagines, and also constitutes a habitat for the development of alternative hosts
for parasitoids (Carreck and Williams, 2002; Fitzgerald and Solomon, 2004). The
significance of adjacent habitats, i.e. orchards and their edges, and their positive
impact on the activity of entomophages, including parasitoids of the Ichneumonidae
family, was presented in the studies by Dewenter et al. (2002), Piekarska-Boniecka and
Suder-Byttner (2002), Miliczky and Horton (2005), Debras et al. (2006), Euler et al. (2006)
and Dib et al. (2012). Ichneumonidae constitute an important biotic factor controlling the
abundance of phytophages which feed in orchards (Viggiani, 2000; Trandafirescu et al.,
2004; Mills, 2005; Wallis and Shaw, 2008; Piekarska-Boniecka et al., 2008b; Cole and
Walker, 2011; Boniecki et al. 2015). More abundant subfamilies of the Ichneumonidae
family in apple orchards of Poland include the Pimplinae subfamily (Piekarska-Boniecka
and Suder-Byttner, 2002; Olszak, 2010; Bgkowski et al., 2013). The subfamily includes
ecto- and endoparasitoids of the larvae and pupae of the Lepidoptera, Coleoptera, Diptera
and Hymenoptera. Representatives of this subfamily effectively parasitize economically
significant pests of orchards, particularly of Lepidoptera (Piekarska-Boniecka et al.,
2008b; Piekarska-Boniecka and Trzcinski, 2013; Boniecki et al., 2015).

The aim of the study was to determine the impact of diversity level of apple orchard
edge plants (agricultural areas, shrubberies and road edges overgrown with trees
and shrubs) on the qualitative and quantitative structure of parasitoid communities
of the Pimplinae communities in orchards. According to an assumed hypothesis the
habitats in the vicinity of orchards influence the qualitative and quantitative structure
of parasitoid communities of the orchards.

We attempted to establish the following:

Whether apple orchard edge plants influence the structure of parasitoid communities
in the orchard,

Whether the orchard edge plants influence the qualitative or quantitative structure
of the parasitoid communities in the orchard,

Which habitats adjacent to the orchards are the most attractive for parasitoids.

MATERIAL AND METHODS

Study area

The study was conducted in 2008-2010 in three orchards located in the vicinity
of Czempin in Wielkopolska (Western Poland). They were an orchard located in
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Gtuchowo and two orchards in Gorzyczki. The orchard in Gluchowo was located 15
km from the orchards in Gorzyczki, while orchards in Gorzyczki were away from each
other from a distance of 1 km.

The study sites included:

1. Apple orchard, Gtuchowo (UTM, XT18; 52.17466°N, 16.71173°E) of 40 ha
surface area (A1 = Gluchowo-orchard). The studies were conducted on 3-hectare
plots with 15-year-old apple trees of the following cultivars: Gala, Ligol, Cortland,
Paulared, Red Delicious and Golden Delicious. The apple tree plot was surrounded
with cultivated fields (A2 = Gluchowo-field), where sweet corn was grown in 2008,
oats in 2009, and triticale in 2010.

2. Apple orchard |, Gorzyczki (UTM, XT27; 52.10106°N, 16.81199°E) 20 hain area
(B1 = Gorzyczki - orchard 1), where studies covered 5-hectare plots with 15-year-old
apple trees of: Paulared, Red Delicious, Golden Delicious and Jonagold cultivars.
The apple tree plot was surrounded by shrubberies (B2 = Gorzyczki - shrubberies,
250x10 m), namely thicket phytocenoses of Euonymo-Prunetum spinosae and
Querco-Ulmetum forest, herbaceous communities and ruderal plant communities. Tree
communities were formed mainly by: Ulmus laevis Pall., Quercus robur L., Fraxinus
excelsior L., Acer platanoides L., Acer negundo L. and single Malus domestica Borkh.
with Populus xcanadensis Moench. Herbaceous plants were dominated by Urtica dioica
L. and Cirsium arvense (L.) Scop. In the patches of ruderal shrubberies the following
were recorded: Sambucus nigra L., Crataegus monogyna Jacq., Lycium barbarum L.,
Rosa canina L. and Corylus avellana L.. In shrubberies 18 plant species were found.

3. Apple orchard Il, Gorzyczki (UTM, XT27; 52.10208°N, 16.81451°E) 10 ha in
area (C1 = Gorzyczki - orchard Il). The studies were conducted on 2-hectar plots
with 20-year-old Golden Delicious apple trees. The orchard borders on a road (C2
= Gorzyczki - road, 200x10 m) overgrown with plants typical of Rhamno-Prunetea
class. The road was lined with Juglans regia L., Acer negundo L., A. platanoides
L.), A. pseudoplatanus L. and Quercus robuxr L., with some Rosa canina L.,
Crataegusxmedia Bechst., Corylus avellana L. and Symphoricarpos albus Duhamel.
Herbaceous plants were dominated by grass, Urtica dioica L., Artemisia absinthium
L., Achillea millefolium L. and Galium aparine L.. On the road 39 plant species were
found; this edge was the richest in plants of all the edges in the study area.

In all the studied orchards apple trees grew 1.4 m from each other in rows set 3
m apart. Between the trees fallow land was maintained and the rows of trees were
divided by sward.

Study methods

The study used a commonly used method of trapping Ichneumonidae imagines in
the yellow Moericke traps [Moericke 1953]. The trap was made from a yellow plastic
pan filled with water and glycol (preservative) and liquid lowering surface pressure, 18
cm in diameter and 11 cm deep. 20 pans were laid out on each site, 1-1.5 m above
the ground. The traps were situated in the following manner: 10 of them in the orchard
and the other 10 further away, several meters from the orchard’s edge. The traps were
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placed up to 10 m from each other. Specimens were collected in ten-day intervals.
Insects caught in one pan during ten days constituted one sample. The traps were
placed in the orchard from April to October in each study year.

Imagines of Pimplinae were identified based of the key by Kasparyan
(Kasparyan,1981).

Statistical analysis

Biocoenotic characteristics of the Pimplinae recorded at individual check points
was based on the following indicators: general species diversity by Shannon and
Weaver (H’) (Shannon and Weaver, 1963; Spellerberg and Fedor, 2003), Pielou
species evenness (J’) (Pielou, 1966), and Simpson’s species diversity index (d)
(Simpson, 1949). Therefore we used ACE (Chao et al., 2000), i.e. abundance-based
coverage estimator, which is based on estimating sample coverage, i.e. the proportion
of assemblage richness represented by the species in a single abundance sample.
Next, to extrapolate species richness, we calculated Chao1 (Chao, 1987) and Jack1
(Heltshe and Forrester, 1983) robust, non-parametric estimators, which do not assume
a particular form of the species abundance distribution. Pimplinae groups were
compared in qualitative categories with Sgrensen index (So) (Serensen, 1957; Wolda,
1981), in quantitative categories with Renkonen index (Re) (Wolda, 1981). Next, we
drew the rarefaction curve of species richness of Pimplinae communities that is a
plot of the number of species as a function of the number of individuals. In addition,
their similarity was studied with a cluster analysis based on Bray-Curtis index, and
the results were presented on the dendrogram (Everitt, 1974; Mardia et al., 1979).

We used an unconstrained ordination methods: detrended correspondence analysis
(DCA) for habitats position diagnostics and redundancy analysis (RDA) for analysis
relation species with habitats (Ter Braak, 1986; Legendre and Legendre, 2012).

Statistical calculations were performed with R software, version 3.2.1 (R Core
Team, 2016).

RESULTS

In the years 2008-2010 the total of 3644 samples were collected in the orchard
environment in Czempin vicinity, out of which 1818 in the orchards and 1826 on their
edges (Table 1). The total of 47 Pimplinae species was found, which constituted 34.1%
of native fauna of this subfamily (Bogdanowicz et al., 2007). The orchards hosted 41
species, the edges 43 species. The total of 1639 Pimplinae specimens were caught,
with 977 individuals in the orchards and fewer, i.e. 662 ones, on the edges.

In orchard environments B1-B2 and C1-C2, where the orchards bordered on
edges with well-developed plants, i.e. shrubberies and a road lined with trees and
shrubs, more parasitoid species of the Pimplinae subfamily were found than in orchard
environments A1-A2, in which the orchard was adjacent to agricultural areas (Table 1;
Fig. 1). As for environments B1-B2 and C1-C2, 39 species were caught in each, while
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environmentA1-A2 yielded 33 species. A higher species diversity in habitats with abundant
plant life on edges corroborated the values of Shannon (H’) and Simpson (d) indices.

More Pimplinae individuals were caught in orchard environments with
well-developed plants on edge (B1-B2, C1-C2) than in the orchard environment
made up by an orchard and agricultural areas (A1-A2) (Table 1; Fig. 1). The highest
abundance of parasitoids was found in the environment where the orchard was
adjacent to the road (C1-C2), while the lowest (361 individuals) in the orchard adjacent
to agricultural areas. In orchard environment B1-B2, where the orchard bordered on
shrubberies, the distribution of species abundance was the most even of all the orchard
environments. Pielou index (J’) reached its peak value for this community, namely 0.7.
The Pimplinae communities of the other environments obtained lower values of J’ index.
Table 1. Biocoenotic indices of Pimplinae communities in the orchard environment near Czempin in 2008-2010.

Habitat Number of Number of Num_ber of _Shannon _ Pielou _Simpson

samples (n) | specimens (N) | species (S) | index (H’) | index (J°) | index (d)
Gtuchowo - orchard (A1) 607 268 33 1.98 0.57 5.72
Gtuchowo - field (A2) 597 93 14 1.26 0.48 2.87
Total 1204 361 35 1.88 0.53 5.74
Gorzyczki - orchard | (B1) 613 255 28 217 0.65 4.87
Gorzyczki - shrubberies (B2) 616 271 30 2.67 0.78 5.18
Total 1229 526 39 2.56 0.70 6.07
Gorzyczki - orchard Il (C1) 598 454 29 1.79 0.53 4.58
Gorzyczki - road (C2) 613 298 35 2.54 0.72 5.97
Total 1211 752 39 2.18 0.60 5.77

The orchard environment 3644 1639 47

In apple orchard A1, adjacent to agricultural areas, the highest species richness of
the Pimplinae of all the orchards was found. The total of 33 species was caught there,
while in the remaining orchards the numbers reached 28 (B1) and 29 (C1) (Table 1;
Fig. 2). Such species diversity was confirmed by the values of d index. The value of
H’ index reached its peak for the community inhabiting orchard B1.

Orchard C1, which bordered on the road lined with trees and shrubs, yielded
the highest abundance of Pimplinae, i.e. 454 individuals, in comparison with other
orchards and all the edges (Table 1; Fig. 2). A lower and at the same time similar
abundance of entomophages was established for orchards A1 and B1, regardless
of how developed plant communities were in their vicinity. Orchard A1 yielded 268
individuals, while orchard B1 - 255 individuals. Orchard B1, bordering on shrubberies,
showed the most even distribution of species abundance. J’ index reached the highest
value for this community, namely 0.65, while in the other orchards it assumed lower
and at the same time similar values.

The highest species diversity of the Pimplinae was found on the orchard edge which
was a road lined with trees and shrubs (C2), i.e. 35 species in comparison with other
edges and orchards (Table 1; Fig. 2). It was over twice as high as the ones reported for
agricultural areas (A2), from which only 14 species of these entomophages were reported.
In shrubberies (B2) there were slightly fewer species (30) than on the road. Such species
diversity of communities in these habitats was confirmed by the values of H’ and d indices.



48
PIEKARSKA-BONIECKA, H., ZYPRYCH-WALCZAK, J., SIATKOWSKI, I. et al.

B1B2 C1C
A1A2

Number of species
1 3 0

Number of species

IR - A~

44444 &0 1

o 10 e 0
Number of individuals Number of individuals 2

Figs. 1-2. Expected species accumulation curves of species richness of Pimplinae communities in the
orchard environment near Czempin 1. (A1, A2 habitats in Gluchowo; B1, B2 habitats | in Gorzyczki;
C1, C2 habitats Il in Gorzyczki). 2. in 2008-2010 (A1 Gtuchowo, orchard; A2 Gtuchowo, field; B1
Gorzyczki, orchard |; B2 Gorzyczki, shrubberies; C1 Gorzyczki, orchard Il; C2 Gorzyczki, road)

A similar abundance of entomophages as on other edges was found in shrubberies
(B2) and on the road with trees and shrubs (C2) (Table 1; Fig. 2). These habitats
yielded 271 and 298 individuals, the abundances over three times as high as those
in agricultural areas (A1), where only 93 individuals were caught. The most even
distribution of species was reported for the shrubberies and on the road, as J’ index for
those communities assumed the highest values, i.e. 0.78 and 0.72. In agricultural areas
the species abundance distribution was the least even and J’ index was the lowest.

An analysis of the qualitative and quantitative structure of the Pimplinae communities
in particular habitats of orchard environment led to the following conclusions:

The highest species diversity of entomophages was on the orchard edge which
was a road lined with trees and shrubs (C2), and the lowest in agricultural areas (A2),

The highest abundance of entomophages was reported for orchard C1 neighbouring
on the road and the lowest for agricultural areas (A2),

The most even distribution of species abundance was found in shrubberies (B2),
and the least even in agricultural areas (A2).

A species diversity of the Pimplinae communities caught in particular habitats
and together in the apple orchards and on their edges was analysed with ACE,
Chao1 and Jack1 estimators (Table 2). For most parasitoid communities the species
diversity indicated by estimators was higher than the one found during studies. It was
established that the estimator ACE evaluated a species diversity the closest to the
diversity found in most habitats and the total found in the orchards with well-developed
plant life on edges. The estimator indicated only from 2 to 4 Pimplinae species more
in communities than the number found during studies. ACE estimator evaluated a
definitely higher species diversity than the result obtained during studies only for
orchard A1 and the orchard and the edge A1-A2 together.

The dominance structure of the Pimplinae communities caught in all the orchard
habitats was the following (Table 3):

One eudominant was reported from all the apple orchards and their edges (A1-C2),
namely ltoplectis maculator with the share of 18.2-72.4.%,
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All the apple orchards (A1, B1, C1) yielded only one eudominant, namely Liotryphon
crassiseta with the share 21.57-35.03%,

Edges with well-developed plant life (B2, C2) had one eudominant, also Liotryphon
crassiseta with the share 12.18-31.54%,

One dominant was found in the orchards with well-developed plant communities
on the edge (B1, C2), namely Endromopoda detrita with share 5.11-5.51%,

The dominants in the apple orchard bordering on shrubberies (B1) included
Endromopoda detrita (5.11%) and ltoplectis alternans (5.89%),

In agricultural areas (A2) another dominant was lfoplectis alternans (5.37%),

The dominants in shrubberies (B2) were Pimpla rufipes (6.26%) and Pimpla
contemplator (5.16%).

Other Pimplinae species were found to be less abundant in particular habitats;
they also belonged mainly to recedents and subrecedents.

Table 2. Species numbers per study region showing numbers of species. The estimated numbers of
species (ACE, Chao1 and Jack1) were calculated based on the number of species in the orchard
environment near Czempin.

Habitat S"“;’;‘izzr(gf) ACE | Chaot | Jack1
Gtuchowo - orchard (A1) 33 43 57 50
Gtuchowo - field (A2) 14 19 26 21
Gorzyczki - orchard | (B1) 28 32 35 37
Gorzyczki - shrubberies (B2) 30 32 36 37
Gorzyczki - orchard Il (C1) 29 33 54 39
Gorzyczki - road (C2) 35 40 63 48
Gluchowo - (A1, A2) 35 45 67 53
Gorzyczki - (B1, B2) 39 42 49 49
Gorzyczki - (C1, C2) 39 41 46 48

The species of the ltoplectis genus are polyphagous endoparasitoids of pupae.
The species of the Pimpla genus are mainly endoparasitoids of Lepidoptera, however,
they can parasitize also Hymenoptera and Coleoptera pupae. Liotryphon species are
ectoparasitoids of Lepidoptera and Coleoptera larvae. The species Endromopoda detrita
is an ectoparasitoid of Lepidoptera, Coleoptera, Hymenoptera and Diptera larvae.

Out of 47 Pimplinae species (Table 3) reported from all the orchard environments
32 species (68.1%) can control the abundance of pests infesting orchards. They
constitute the most numerous trophic group of parasitoids, which includes the species
of the following genera: Apechthis, Dolichomitus, Itoplectis, Liotryphon, Pimpla and
Scambus as well as the species Acropimpla pictipes, Delomerista mandibularis,
Endromopoda detrita, Ephialtes manifestator, Gregopimpla inquisitor, Iseropus
stercorator and Theronia atalantae. Another abundant trophic group is made up by 13
species (27.5%) which parasitize the representatives of Arachnida and belong to the
genera Clistopyga, Polysphinca, Tromatobia, Zaglyptus and Zatypota and the species
Acrodactyla degener and Sinarachna nigricornis. The third trophic group comprises
parasitoids of Aculeata, namely 2 species (4.4%) of the Perithous genus.
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Table 3. The list of species, the number of specimens (N) and the dominance index (D) of Pimplinae
communities in the orchard environment near Czempin in 2008-2010.

Species | Habitats
Gtuchowo Gorzyczki | Gorzyczki Il
Orchard Field Orchard Shrubberies Orchard Road
(A1) (A2) B1 (B2) (C1) (C2)
N D N D N D N D N D N D
S1 Acrodactyla degener (Haliday, 1838) 2 0.75% 1 0.39% 5 1.10% 2 0.67%
S2 Acropimpla pictipes (Gravenhorst, 1829) 1 0.37 % 3 1.1% 3 1.01%
S3 Apechthis compunctor (Linnaeus, 1758) 2 0.75% | 1 1.08% 4 1.57% 9 3.31% 3 0.66% 5 1.68%
S4 Apechthis quadridentata (Thomson, 1877) 1 0.37% 1 0.37%
S5 Apechthis rufata (Gmelin, 1790) 1 0.37% 1 | 0.39% 1 0.37% 1 0.22% | 1 | 0.34%
S6 Clistopyga incitator (Fabricius, 1793) 1 0.37% 1 1.08% 2 0.74% 1 022% | 4 1.33%
s7 Clistopyga rufator Holmgren, 1856 1 0.37% 1 0.37% 1 0.34%
S8 Clistopyga sauberi Brauns, 1898 1 0.34%
S9 D A dibularis (Gi horst, 1829) 1 0.34%
S10 Dolichomitus mesocentrus (Gravenhorst, 1829) 1 0.37% 1 0.22% 1 0.34%
S11 Dolichomitus populneus (Ratzeburg, 1848) 1 0.37%
$12 | Dolichomitus sp. 1 022% | 1 | 0.34%
S$13 Endromopoda detrita (Holmgren, 1860) 4 150% | 3 | 3.22% | 13 | 511% 21 7.75% 25 551% | 10 | 3.36%
S14 Ephialtes manifestator (Linnaeus, 1758) 2 0.75% 1 0.39% 1 0.22% 1 0.34%
S15 Gregopimpla inquisitor (Scopoli, 1763) 1 0.37% 6 2.35% 7 2.58% 4 0.88% | 4 1.33%
S16 Iseropus stercorator (Fabricius, 1793) 1 0.22%
S17 ltoplectis alternans (Gravenhorst, 1829) 12 4.48% 5 537% | 15 | 5.89% 9 3.31% 7 1.54% | 13 | 4.36%
S18 Itoplectis maculator (Fabricius, 1775) 117 | 43.66% | 67 | 72.04% | 102 | 40.00% | 66 |24.35% | 181 |39.88% | 54 | 18.12%
$19 | Liotryphon crassiseta (Thomson, 1877) 71 | 2650% | 3 | 3.22% | 55 [21.57% | 33 |1218% | 159 |35.03% | 94 | 31.54%
S20 Liotryphon punctulatus (Ratzeburg, 1848) 1 0.37% 8 3.15% 6 132% | 2 | 0.67%
S21 Perithous divinator (Rossi, 1790) 1 0.37% 1 0.39% 2 0.74% 1 0.34%
S22 Perithous scurra (Panzer, 1804) 2 0.74%
S§23 Pimpla contemplator (Mueller, 1776) 2 0.75% | 1 1.08% 2 0.78% 14 5.16% 6 132% | 8 2.68%
S24 Pimpla flavicoxis Thomson, 1877 7 2.58% 8 2.68%
825 Pimpla insignatoria (Gravenhorst, 1807) 1 0.39% 1 0.34%
S26 Pimpla melanacrias Perkins, 1941 1 0.39% 4 1.48% 4 088% | 6 | 2.01%
827 | Pimpla rufipes (Miller, 1759) 4 1.50% 10 | 3.93% 17 6.26% 12 2.64% | 12 | 4.03%
S28 | Pimpla spuria Gravenhorst, 1829 10 | 372% | 4 | 429% | 5 | 1.96% 5 1.85% | 10 | 2.20% | 23 | 7.72%
S29 Pimpla turionellae (Linnaeus, 1758) 9 3.35% 1 1.08% 5 1.96% 1 0.37% 3 0.66% 3 1.01%
830 Polysphincta boops Tschek, 1869 1 0.37% 1 0.39% 3 0.66% 1 0.34%
S31 Polysphincta tuberosa Gravenhorst, 1829 1 0.37% 3 1.18%
S32 Scambus brevicornis (Gravenhorst, 1829) 4 1.50% 2 2.15% 1 0.39%
833 Scambus calobatus (Gravenhorst, 1829) 4 1.50% | 2 | 2.15% 2 0.78% 2 0.44%
S34 Scambus inanis (Schrank, 1802) 4 1.57% 3 1.11%
835 Scambus nigricans (Thomson, 1877) 2 0.75% 8 2.95% 2 044% | 7 | 2.34%
S36 | Scambus planatus (Hartig, 1838) 4 150% | 1 1.08% | 1 | 0.39% 1 | 0.34%
837 Scambus pomorum (Ratzeburg, 1848) 2 0.75% 2 0.78% 1 0.37% 1 022% | 4 1.33%
S38 Scambus vesicarius (Ratzeburg, 1844) 1 1.08% 1 0.37%
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Table 3. Continued.

Species | Habitats
Gtuchowo Gorzyczki | Gorzyczki Il
Orchard Field Orchard Shrubberies Orchard Road
(A1) (A2) (B1 (B2) (C1) (C2)
N D N D N D N D N D N D

839 Sinarachna nigricornis (Holmgren, 1860) 1 0.37%

S40 Theronia atalantae (Poda, 1761) 1 0.37% 2 0.74% 3 1.01%

S41 Tromatobia lineatoria (Villers, 1789) 1 0.37% 2 0.78% 5 1.85% 3 0.66%

S42 Tromatobia ovivora (Boheman, 1821) 1 0.37% 4 1.57% 3 1.11% 1 0.22% 1 0.34%

S43 Tromatobia variabilis (Holmgren, 1856) 1 1.08% 1 0.22%

S44 Zaglyptus multicolor (Gravenhorst, 1829) 1 0.37% 2 0.78% 35 12.92% 1 0.22% 14 4.70%

845 Zaglyptus varipes (Gravenhorst, 1829) 2 0.78% 3 1.11% 4 0.88% 2 0.67%

S46 Zatypota discolor (Holmgren, 1860) 1 0.34%

S47 Zatypota percontatoria (Mueller, 1776) 1 0.37% 4 1.48% 5 1.10% 4 1.33%
Total
numper of 268 100% | 93 | 100% | 255 | 100% 271 100% 454 100% | 298 100%
specimens

361 526 752
Total
numl?er of 33 14 28 30 29 35
species
35 | 39 | 39 |

A quality similarity of the Pimplinae communities in particular habitats of the orchard
environment was analysed with Sgrensen (So) index (Table 4). Most communities
yielded a high quality similarity, as So index reached high values from 0.71 to 0.79.
Those communities inhabited all the apple orchards (A1, B1, C1) and edges with
well-developed greenery (B2, C2) except the communities in orchard C1, Gorzyczki
and shrubberies (B2), which showed slightly lower quality similarity (S0=0.66). Alower
similarity was found between entomophages communities in agricultural areas (A2)
and other habitats (A1, B1, B2, C1, C2), for which So index was from 0.41 to 0.52.
Analysing the quality similarity of Pimplinae communities in particular orchards and
on their edges it was found that the highest similarity was between the comm-nities
in the orchards and on the road lined with trees and shrubberies (C1-C2).

Table 4. Sgrensen and Renkonen similarity of Pimplinae communities in the orchard environment near

Czempin in 2008-2010 (A1 Gtuchowo, orchard; A2 Gtuchowo, field; B1 Gorzyczki, orchard |; B2 Gor-
zyczki, shrubberies; C1 Gorzyczki, orchard IlI; C2 Gorzyczki, road).

Habitat Sgrensen index (So)
Al A2 | B1 | B2 | C1 | C2
A1l 0.510.79 [ 0.73 | 0.74 | 0.76
A2 | 0.64 0.52 | 0.45 | 0.51 | 0.41
B1|0.81 | 0.58 0.66 | 0.77 | 0.73
B2 | 0.52 | 0.40 | 0.62 0.71 | 0.77
C1/0.80|0.53 | 0.81 | 0.57 0.78
C2 (065|038 |0.64 | 0.67 | 0.69

Renkonen
index (Re)

A qualitative similarity of the Pimplinae communities in particular habitats of orchard
environment was analysed with Renkonen index (Re) (Table 4). It took slightly different
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values than qualitative structure similarity of the communities. Only the communities
of entomophages inhabiting apple orchards (A1, B1, C1) showed a high similarity of
qualitative structures and their Re index took high values, i.e. 0.81, 0.8 and 0.81. A
low quantitative similarity was found between the communities of agricultural areas
(A2) and the communities inhabiting the edges with well-developed plant life (B2, C2),
with Re index taking the lowest values, namely 0.38 and 0.40. The average qualitative
similarity was reported for the entomophage communities in the other compared
habitats, where Re index was between 0.52 and 0.67.

After an analysis of quantitative similarity of the Pimplinae communities in particular

orchards and on their edges it was found that the highest similarity was between the
communities in the orchard and on the road with trees and shrubs (C1-C2).

1

A2

’_I_‘701

B2 c2

distance
020 025 030 035 040 045 050
1

r

A1 B1
habitats

Fig. 3. Dendrogram of habitats with group single linking as the cluster method (A1 Gtuchowo, orchard;
A2 Gtuchowo, field; B1 Gorzyczki, orchard |; B2 Gorzyczki, shrubberies; C1 Gorzyczki, orchard II; C2
Gorzyczki, road).

DCA2
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Fig. 4. Position of six locations along the first two axes of detrended correspondence analysis (DCA).
(A1 Gtuchowo, orchard; A2 Gtuchowo, field; B1 Gorzyczki, orchard I; B2 Gorzyczki, shrubberies; C1
Gorzyczki, orchard Il; C2 Gorzyczki, road).

A quantitative-qualitative structure of the Pimplinae communities in particular
habitats of the orchard environment was analysed with a hierarchical grouping with the
cluster method (Fig. 3), detrended correspondence analysis (Fig. 4) and redundancy
analysis (Fig. 5). The entomophage communities of agricultural areas (A2) were
proved to differ definitely in their qualitative and quantitative structures from the other
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ABSTRACT

Bark beetles are a group of phytophagous insects which are considered important
pests of conifer and broadleaf forests. In order to carry out the characterization
and monitoring of bark beetles communities present in Majorca, flight interception
traps (cross-vane type trap) have been placed in three plots of pine forest (Pinus
halepensis) and three plots of evergreen oak forest (Quercus ilex). The content of
the traps were collected monthly and were taken to the laboratory and analyzed for
their entomological determination.

The main objective of this study is to present four scolytid species reported in
Majorca (Balearic Islands, Spain) for the first time: Chaetoptelius vestitus, Coccotrypes
dactyliperda, Xylocleptes bispinus and Xyleborus eurygraphus, as well as increase the
knowledge of this coleopteran group with specific importance on forestry management
in Mediterranean conditions.

Key words: Chaetoptelius vestitus, Coccotrypes dactyliperda, Xylocleptes bispinus, Xyleborus
eurygraphus, Scolytinae, new records, bark beetles, Majorca.

INTRODUCTION

Scolytinae (Curculionidae), popularly known as bark and ambrosia beetles, are
insects with a length range from 1 mm to 210 mm and present a semi-spherical or
cylindrical form (Soto et al., 2002; Gallego, 2006; Lopez et al., 2007). Scolytids are
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an important insect group of forest ecosystems playing an important role in early
successional forest. They are the cause of the beginning part of the decomposition
process of bark and wood tissue by feeding on them directly (Wood, 1982; Gallego,
2006; Samin et al., 2011; Olenici et al., 2014). However, under conditions of weakened
trees by disease, drought or burnt, some bark beetles can develop pest and can cause
significant ecological and economic damage to trees in forests (Wood, 1982; Gil and
Pajares, 1986; Olenici et al., 2014). Moreover, other bark beetles attack healthy trees
and can kill them (Wood, 1982; Lightle et al., 2007; Samin et al., 2011; Olenici et al.,
2014). In addition, scolytids facilitate the penetration of other xylophages organisms
like insects, fungi and bacteria that can damage the wood tissues and causes the
tree death (Gil and Pajares, 1986; Gallego, 2006, Olenici et al., 2014).

This subfamily is represented by at least 282 genera and 6000 species of which
128 species are present in the Ibero-Balearic area (Vega and Hofstetter, 2015;
Goldazarena et al., 2012; Alonso-Zarazaga, 2002). The objective of this paper is to
present four scolytid species reported in Majorca (Balearic Islands, Spain) for the first
time and increase the knowledge of this coleopteran group with specific importance
on forestry management in Mediterranean conditions.

MATERIALS AND METHODS

Site locations

The study was conducted during four years (April 2011 to March 2015) in Majorca,
the largest island (3640.11 km?) of the Balearic archipelago (Western Mediterranean
region). Majorca (39°30’N, 03°0’E) has a temperate climate, characterized by mild
winters and hot dry summers.

The bark beetles were collected in six plots of the Balearic Network of Assessment
and Monitoring of Forest Damages from the Government of the Balearic Islands.
Three of these plots are pine forest (Pinus halepensis): (1) La Victoria, (2) Mondrago,
(3) Albufera, and the other three plots are of evergreen oak forest (Quercus ilex): (4)
Planicia, (5) Tirasety (6) Coll Pelat. Details about the six areas are provided in Fig.
1 and Table 1.

Sampling methods

In both type of forest, bark beetles were collected using a cross-vane type trap,
Crosstrap® (Econex, Murcia), performed by a cross vane of black plastic with a lower
funnel where catches are in a collect jar, filled with 100 cm? of propylene glycol 20%, to
prevent evaporation (Gallego and Campo, 2010; Gonzalez-Rosa et al., 2012, Olenici
etal. 2014). Traps have been baited with a-pinene, ethanol and a mixture of ipsdienol,
ipsenol and z-verbenol (1:1:1) (Econex, Murcia). During April 2011 to March 2015 the
content of the traps were collected monthly and arthropods were stored in 70% ethanol.
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Species identification

The identification of scolytid species was done using the keys published by Gil
and Pajares (1986), Pfeffer (1995) and Lépez et al. (2007). Some identification was
confirmed by M. Faccoly (University of Padova). Examinations and pictures were
carried out using a Zeiss stereomicroscope (SteReo Discovery V8) and Nikon D5000
camera. The nomenclature for this group of insects is that used in the Iberian Fauna
Databank (IBERFAUNA, 2008).

A

MALLORCA ISLAND

20 Km

Fig. 1. (A) Locations of site studies on Majorca Island (black filled circles). (B) Location of Majorca Island
off the east coast of Spain. Note: 1 - La Victoria; 2 - Mondrago; 3 - Albufera; 4 - Planicia; 5 - Tiraset;
6 - Coll Pelat.

Table 1. Details of the study areas. Note: C.h. - Chamaerops humilis, C.m. - Cistus monspeliensis, E.sp.
- Erica sp., J.sp. - Juniperus sp., O.e. - Olea europaea var. sylvestris, P.la. - Phillyrea latifolia, P.h. -
Pinus halepensis, P.le. - Pistacia lentiscus, Q.i. - Quercus ilex, R.o. - Rosmarinus officinalis.

ID site | Location Coordinates Altitude |Arboreal layer (predominant sp.) | Shrub layer Tree density
1 |La Victoria 21181’ ggg%ﬁ(’)\?ma 120m | Pinus halepensis g'z ghmrf;‘ Qi |496 stemsina
2 Mondragé 211,’2515 ggét?n?\‘OmE 23m Pinus halepensis Ple., J.sp., O.e. 357 stems/ha
3 Albufera ilgzsngz?)‘:n?vomE 19m Pinus halepensis Ple., E.sp., O.e. 714 stems/ha
4 Planicia 22202217%%1“?\‘0“5 416m Quercus ilex Ple. 460 stems/ha
5 Tiraset Z;gsgsgg%%?\lom 65m Quercus ilex Ple. 125 stems/ha
6 | CollPelat | 515 491 44000ME, | 6gom | Quercus ilex g["Pﬁ;'a PR 1114634 stemsiha
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RESULTS
A total of four new species were recorded in the Balearic Islands: Chaetoptelius
vestitus, Coccotrypes dactyliperda, Xylocleptes bispinus and Xyleborus eurygraphus.
Family Curculionidae Latreille, 1802 (Coleoptera, Polyphaga, Curculionoidea)
Subfamily Scolytinae
Tribe Dryocoetini
Coccotrypes Eichhoff, 1878
Coccotrypes dactyliperda (Fabricius, 1801)
Xylocleptes Ferrari, 1867
Xylocleptes bispinus (Duftschmid, 1825)
Tribe Hylesinini
Chaetoptelius Fuchs, 1913
Chaetoptelius vestitus (Mulsant & Rey, 1861)
Tribe Xyleborini
Xyleborus Eichhoff, 1864
Xyleborus eurygraphus (Ratzeburg, 1837)

Chaetoptelius vestitus (Mulsant & Rey, 1861)

Atotal of 86 specimens of Chaetoptelius vestitus (Fig. 2A) were caught during this
study. The major part of captures was in pine forests (plots 1, 2 and 3), where it was
collected a total of 84 specimens along the four years of the present study, with the
exception of July and August. Moreover, 2 specimens were captured in the evergreen
oak forest (plots 5 and 6), in October 2011 and December 2012.

General distribution: The area of distribution of C. vestitus includes Asia (Iran,
Iraq, Israel, Saudi Arabia, Syria, Tajikistan, Turkey and India: Uttarackhand), Europe
(Bulgaria, Croatia, France, Greece, ltaly, Macedonia, Iberian Peninsula (Spain),
Rusia: South European Territory and Ukraine), North Africa (Algeria, Canary Islands,
Morocco and Tunisia), Neotropical and Oriental Regions. (Alonso-Zarazaga et al.,
2017; Wood and Bright, 1992).

Host plant: Pistacia atlantica, P. integerrima, P. lentiscus, P. terebinthus and P.
vera (Wood and Bright, 1992; Meziou-Chebouti et al., 2013). Moreover, this species
is apparently rare in Cotinus coggygria, Olea europaea and Smilax aspera (Wood
and Bright, 1992).

Coccotrypes dactyliperda (Fabricius, 1801)

Six specimens of C. dactyliperda (Fig. 2B) were captured in the pine forests (plots
1, 2 and 3) only in 2012 (June, August and October). No captures of C. dactyliperda
were recorded in Quercus forest.
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General distribution: Asia (China, Israel, Japan, Jordan, Saudi Arabia and India
Uttarackhand), Europe (France, Greece, Iceland, ltaly, Malta, Montenegro, Portugal,
Iberian Peninsula (Spain) and Switzerland), North Africa (Canary Islands, Egypt, Libya,
Morocco and Madeira Archipelago), Afrotropical, Australian, Nearctic, Neotropical and
Oriental Regions (Alonso-Zarazaga et al., 2017; Wood and Bright, 1992).

Host plant: Seeds of Areca catechu, Cargotus urenus, Chamaedorea spp.,
Chamaerops spp., Cinnamomum zeylanicum, Coccos spp., Coccothrinax sp.,
Dictyosperma album, Elaeis guineensis, Elaeocarpus oblongus, Freycinetia arborea,
Hyphaena spp., Hyophorbe sp., Livingstonia spp., Olea europaea, Oreodoxa spp.,
Persea gratissima, Phoenix spp., Phytelephas macrocarpa, Pritchardia pacifica,
Ptychosperma sp., Sabal bermudana, Seaforthia sp., and Washingtonia filifera
(Wood and Bright, 1992). In addition, in a study conducted in Tenerife (Siverio and
Montesdeoca, 1990) has also been found C. dactyliperda, attacking seeds of Howea
fosteriana.

Xylocleptes bispinus (Duftschmid, 1825)

Five specimens of X. bispinus (Fig. 2C) have been captured in pine forests in
2012 and 2014, (four specimens in plot 3 and one in plot 1) and other one specimen
in Quercus forest in 2014 (plot 5). All specimens have been collected during summer
(from July to September).

General distribution: According to Wood and Bright (1992) and Alonso-Zarazaga
et al. (2017) the area of distribution of X. bispinus includes Asia (Turkey), Europe
(Austria, Belgium, Bulgaria, Croatia, Czech Republic, Denmark, France, Great Britain,
Germany, Greece, Hungary, Italy, Macedonia, Montenegro, The Netherlands, Poland,
Romania, Serbia, Slovakia, Slovenia, Iberian Peninsula (Spain), Russia: South
European Territory, Switzerland and Uckaine) and North Africa (Algeria, Egypt, Libya,
Morocco and Tunisia). Host plant: Clematis species and Vitis sylvestris (Wood and
Bright, 1992; Gourlay et al., 2000).

Xyleborus eurygraphus (Ratzeburg, 1837)

Two specimens of X. eurygraphus (Fig. 2D) has been collected, one in pine forest
(plot 3) and other one in oak forest (plot 6), during May and August of 2012.

General distribution: This species distributes across Asia (Iran and Turkey), Europe
(Austria, Bosnia-Herzegovina, Bulgaria, Croatia, Russia: Central European Territory,
Czech Republic, France, Germany, Greece, Hungary, Italy, Luxembourg, Macedonia,
Moldavia, The Netherlands, Poland, Portugal, Slovakia, Iberian Peninsula (Spain),
Russia: South European Territory, Switzerland, Ukraine and Serbia and Montenegro)
and North Africa (Algeria, Egypt, Libya, Morocco and Tunisia) (Alonso-Zarazaga et
al., 2017; Wood and Bright, 1992).

Host plant: Pinus species like P. sylvestris, P. nigra, P. maritima, P. halepensis, P.

pinaster and P. radiata, Quercus spp. (Q. suber in Galicia) and Ulmus spp. (Wood
and Bright, 1992; Lombardero, 1994).



66
COMPARINI, C., GALLEGO, D., NUNEZ, L., CLOSA, A. M., LEZA, M.M.

A B

1mm 1mm

1 mm 1 mm

Fig. 2. Lateral view of (A) Chaetoptelius vestitus; (B) Coccotrypes dactyliperda; (C) Xylocleptes bispinus
and (D) Xyleborus eurygraphus.

DISCUSSION

This is the first report of C. vestitus, C. dactyliperda, X. bispinus and X. eurygraphus
in the Balearic Islands (Western Mediterranean). This discovery improved the
knowledge of the composition of bark beetles fauna of the Balearic forests in Western
Mediterranean. In addition, it is important to note that two of these new species,
Chaetoptelius vestitus and Coccotrypes dactyliperda, appear as species of interest
in some Mediterranean areas. Concretely, C. vestitus was the most abundant species
captured in forests during the four years of study, with a total of 86 specimens. On
the other hand, C. dactyliperda had shown lower population density in pine forests
(with a total of 6 specimens), during the years 2011 to 2015. But, a proliferation of
these insects could imply a major ecological damage to habitat (Mehrnejad, 2001;
Braham and Jardak, 2012; Blumberg and Kehat, 1982), so it is important maintain
a consistent population studies in order to detect a possible peak of these species,
especially under conditions of drought and post-fire.

The most abundant specie was C. vestitus, which is a very harmful species to
the cultures of pistachio orchards, and it is considered as a key pest of pistachio in
Tunisian, Algerian, Iranian, Iraqi and Turkish regions, where C. vestitus are infesting
twigs and are inducing important damages (Mehrnejad, 2001; Chebouti-Meziou et
al. 2011; Samin et al. 2011; Braham and Jardak, 2012; Meziou-Chebouti et al. 2013).
The host species of C. vestitus in the Balearic Islands are: Pistacia terebinthus,
Pistacia lentiscus, Olea europaea var. sylvestris and Smilax aspera (Herbari Virtual
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del Mediterrani Occidental, 2007). Even though the genus Pistacia includes a large
number of species, Pistacia vera is the only one that produces edible fruits and C.
vestitus has an economic importance due to the fall of the fruit and the decrease
in yield of this type of pistachio orchards. It is important to note that in the Balearic
Islands are wild pistachios, in particular Pistacia terebinthus and Pistacia lentiscus
(Chebouti-Meziou et al., 2011; Meziou-Chebouti et al., 2013; Herbari Virtual del
Mediterrani Occidental, 2007). On one hand Pistacia lentiscus is very abundant in
forestry superficies because it is the main species of the shrub layer in pine forests
(98.63% probability of presence) and evergreen oak forests (71.05% probability of
presence) in Majorca (CAIB, 2012). On the other hand, Pistacia terebinthus is not an
abundant species in Majorca that is listed as endangered by the IUCN which lives
in the rocky walls of the Serra de Tramuntana, World Heritage by UNESCO (Herbari
Virtual del Mediterrani Occidental, 2007). This species of scolytid can also cause
damage to Olea europaea var. sylvestris and Smilax aspera, other abundant plant
species in Majorca.

The abundance of the other three species described for first time in this study was
very low. According to Bright and Peck (1998) C. dactyliperda attack most frequently
in seeds of various palms, but the seeds and nuts of a large number of tropical trees
are also attacked. Furthermore, according to Wood and Bright (1992) C. dactyliperda
is polyphagous species. In Majorca and the Balearic Islands we can find the following
species of palms: Chamaerops humilis, Phoenix canariensis, Phoenix dactylifera,
Washingtonia filifera and Olea europaea var. sylvestris (Herbari Virtual del Mediterrani
Occidental, 2007). C. dactyliperda is considered a primary pests of green unripe dates
(Blumberg and Kehat, 1982) causing the fruit drop that resulted in economic losses for
those countries with date production (Kehat et al., 1976). In a study in the palm fields
of Elche (Spain) fruit drop due to Coccotrypes dactyliperda activity was result in a
52.71% yield loss (Gémez, 2004), while the yield losses in Israel resulted in a 30-40%
(Kheat et al., 1976) and in Egypt the yield losses resulted in a 12.5-33.8% (Monir et
al., 1998). In Majorca there are no palm trees cultured with commercial purposes, but
we can find species of Phoenix canariensis, Phoenix dactylifera and Washingtonia
filifera cultivated as ornamentals (Herbari Virtual del Mediterrani Occidental, 2007).
The only species of native palm in this region is Chamaerops humilis. C. humilis is
a species with special protection by the Balearic Catalogue of Endangered Species
and Special Protection (BOIB, 2005). The presence of C. dactyliperda is important
because itis associated with C. humilis (Ponel and Lemaire, 2012) and it could extend
this bark beetle by selling nursery material affected, causing significant damage to
Chamaerops humilis. C. dactyliperda is an invasive seed predator for C. humilis
(Kirkendall and Faccoli, 2010, Sauvard et al., 2010). The impact of this seed predation
on native populations of C. humilis is not very clear and varies across geographic
location, habitat degradation and fleshy pulp amount (Rodriguez et al., 2014). Thus,
a negative correlation between seed predated rate and persisting fruit pulp has been
shown, explained by the secondary compounds present in the pulp are capable of
deter the C. dactyliperda attacks. Therefore, activity of species that feeding seed
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pulp, as rabbits or rodents could increases the seed predation rate by C. dactiliperda
(Rodriguez et al., 2014). On the other hand, this species of bark beetle can attack
other vegetal specie present in Majorca and the Balearic Islands: Olea europaea var.
sylvestris (Herbari Virtual del Mediterrani Occidental, 2007).

According to Gourlay et al. (2000), Xylocleptes bispinus is the most damaging
agent for old man’s beard (Clematis spp.) which attacks young woody stems and is
capable to kill a significant part of the plant, but it is not considered a primary pest. The
hosts species of X. bispinus which are presents in the Balearic Islands are: Clematis
vitalba, C. cirrhosa and C. flammula.

Xyleborus eurygrapgus is the new reported specie for the Balearic archipelago in
this study that was captured in less number (two specimens), and only attack trees
that are already weakened. The host species of X. eurygraphus which are presents
in the Balearic Islands are: Pinus halepensis, P. canariensis, P. nigra, P. pinaster, P.
pinea, Quercus ilex, Q. cerrioides, Q. coccifera, Q. suber, Q. humilis, Ulmus minor,
U. glabra and U. pumila (Herbari Virtual del Mediterrani Occidental, 2007).

This work has allowed to know new species had not detected in the Balearic
archipelago as yet, so new ways to tracing and manage are opened. Two of this four
new species reported are primary pests and in some cases they attack emblematic
species of the Mediterranean area, so it is important to monitor and control their
population levels to prevent explosions and pests.
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ABSTRACT

As a result of our study of the family Lauxaniidae in Gilan province (North Iran), we here report the
following seven species new to Iran: Homoneura notata (Fallen, 1820), Meiosimyza platycephala (Loew,
1847), Minettia fasciata (Fallen, 1826), Minettia longipennis (Fabricius, 1794), Minettia tabidiventris
(Rondani, 1877), Peplomyza litura (Meigen, 1826) and Tricholauxania praeusta (Fallen, 1820). The genus
Peplomyza is recognized for the first time in this country. Therefore, 31 species in nine genera are now
recognized for the Iranian lauxaniid fauna. In addition, we provide diagnosis and color photographs of
adult external structures including male genitalia to aid correct identification.

Key words: Diptera, Lauxaniidae, Iran, Gilan, new records.

INTRODUCTION

The Lauxaniidae is one of the large and diverse dipterous families with about 1800
described species (Lee and Han, 2015), but only 24 species that belong to eight genera
have been previously recorded in Iran (Majnon Jahromi et al., 2013; Khaghaninia
et al., 2014). Most species are found in forests, on shrubs, trees, and leaves. They
are less common in dry and wet grasslands (Merz, 2004a). Larvae of lauxaniids are
saprophagous, having been found in decaying vegetation such as fallen leaves, straw,
rotting wood, and bird nests, but adults may be mostly fungivorous (Miller and Foote
1975; Broadhead 1984). Despite theirimportance in decomposing plant material, they
were insufficiently studied in Iran.

Gilan Province is located in the north of Iran near the Caspian Sea with an area
of about 14,000 km?. This province borders the Republic of Azerbaijan in the North,
as well as Russia across the Caspian Sea. Before this study, no information was
available on the lauxaniid flies to this region. The aim of the present contribution was
to increase the knowledge of this group of flies in Gilan Province of Iran.

MATERIAL AND METHODS

The specimens were collected by standard sweeping net in 2015-2016. The
collected specimens were minuten-pinned on their sides. The identified materials
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are deposited in Jalal Afashar Zoological Museum, University of Tehran, Karaj, Iran
(JAZM) and the private collection of the second author (SMNC). Species were identified
according to Shatalkin (2000), Schacht et al. (2004) and Merz (2004a). Classification
and nomenclature follows Shatalkin (2000).

RESULTS

In this study, 10 species from seven genera were identified from Gilan province.
Seven species are newly recorded for the fauna of Iran. The species are listed in
alphabetic order.

Calliopum caucasicum Shatalkin, 1996
Distribution: Caucasus, Iran (Papp, 1984; Shatalkin, 2000; Khaghaninia et al., 2014).
Distribution in Iran: East Azerbaijan (Khaghaninia et al., 2014).

Material examined: Rostamabad, 05.06.2015, 14 (Mohamadzade leg.) (SMNC); Heyran pass, N:
38°22, E: 48°37, 700m, 15.07.2015, 13, 19 (JAZM, SMNC); Masal, Rizeh Mandan Village, N: 37°22, E:
49°05, 205 m, 12.08.2015, 14 (Karimi leg.) (SMNC).

Homoneura notata (Fallen, 1820)

Distribution: Austria, Bosnia, Bulgaria, Croatia, Czech Republic, France, Germany,
Hungary, Romania, Sweden, Switzerland (Papp, 1984; Shatalkin, 2000; Merz, 2004b)
(new record for Iran).

Material examined: Astara, Lavandevil, Gisoum, N: 37°40, E: 49°01, -16 m, 21.08.2015, 1& (Karimi
leg.) (SMNC).

Diagnosis: Small species (3.5-3.8mm);body yellow. Length of aristal rays half as
width of third antennal segment. Apical parts of veins Sc and R, without brown spots.
Two dark brown spots present on r-m and dm-cu crossveins; R, , with one apical spot;
2-3 brown spots (one apically) present on apical section of R, (Figs. 1A, B). Acrostichal
setae in four rows. Hind femur of male with posteroventral row of 7-8 long black spine-like

setae (more than diameter of tibia) in apical half. Male terminalia as on Figs. 1C, D.

Meiosimyza platycephala (Loew, 1847)

Distribution: Austria, Belgium, Britain, Czech Republic, Denmark, Estonia, Finland,
France, Germany, Greece, Hungary, Ireland, Italy, Latvia, Lithuania, Norway, Poland,
Romania, Russia, Slovakia, Spain, Sweden, Switzerland, Netherlands, Ukraine,
Yugoslavia (Papp, 1984; Shatalkin, 2000; Merz, 2004b) (new record for Iran).

Material examined: Astara, Heyran pass, N: 38°22, E: 48°37, 700m, 15.07.2015, 343, 39% (Karimi
leg.) (JAZM, SMNC).

Diagnosis: Body yellow; antenna and palpus completely yellow; wing hyaline.
Presutural dorsocentral seta present; acrostichal setae in two rows. One sternopleural
seta present (Fig. 1E). Male terminalia as on Figs. 1F, G.
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Fig. 1. Homoneura notata (Fallen) (A-D) and Meiosimyza platycephala (Loew) (E-G), A. Habitus view,
right, B. Wing pattern, C. Male terminalia, lateral, D. same, ventral, E. Habitus view, left, F. Male ter-
minalia, ventral, G. Same, lateral.

Minettia bulgarica Papp, 1981
Distribution: Bulgaria, Greece, Ukraine, Iran (Papp, 1984; Papp, 1985; Shatalkin, 2000).

Distribution in Iran: Alburz (Majnon Jahromi et al., 2013), East Azerbaijan
(Khaghaninia et al., 2014), Kohkiloyeh and Boyerahmad (Papp, 1985).

Material examined: Masal, Rizeh Mandan Village, N: 37°22, E: 49°05, 205 m, 12.08.2015, 13, 299
(JAZM, SMNC); Sowmee Sara, Tolem, Siahtan village, N: 37°18, E: 49°24, -10 m, 11.08.2015, 243,299
(JAZM, SMNC); Fooman, Roodkhan Castle (Ghaleh Roodkhan), N: 37°06, E: 49°16, 340m, 10.09.2015,
529 (SMNC); Fooman, Siahchal river, N: 37°13, E: 49°18, 34m, 09.09.2015, 34, 15929 (Karimi leg.)
(JAZM, SMNC).
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Minettia fasciata (Fallen, 1826)

Distribution: Austria, Azores, Belgium, Britain, Bulgaria, Croatia, Cyprus, Czech
Republic, Denmark, Estonia, France, Germany, Greece, Hungary, Ireland, Italy,
Latvia, Liechtenstein, Lithuania, Malta, Norway, Poland, Romania, Russia, Serbia
and Montenegro, Slovakia, Spain, Sweden, Switzerland, Netherlands, Ukraine, North
Africa (Morocco), Nearctic (Canada), Near East (Papp, 1984; Shatalkin, 2000; Merz,
20044a; b) (new record for Iran).

Material examined: 5km N Fooman, 21.09.2015, 24J, 529 (Mohamadzade leg.) (JAZM, SMNC);
Fooman, Siahchal river, N: 37°13, E: 49°18, 34m, 09.09.2015, 229 (SMNC); Masal, Rizeh Mandan
Village, N: 37°22, E: 49°05, 205 m, 12.08.2015, 247, 392 (JAZM, SMNC); Astara, Lavandevil, Gisoum,
N: 37°40, E: 49°01, -1 m, 21.08.2015, 343, 1092 (SMNC); Astara, Virmoni, Anbaran village, N: 37°40,
E: 49°01, 10 m, 21.08.2015, 14 (Karimi leg) (SMNC).

Diagnosis: Head yellowish brown, antenna brown, length of aristal rays more than
width of third antennal segment. Thorax gray (Fig. 2A) usually with two yellowish brown
strips along dorsocentral setae; scutellum yellowish in apical part; lateroventral black
spots on scutellum small; acrostichal setae present in 6 rows; presutural dorsocentral
seta absent, halter yellow, legs yellowish brown; mid and hind tibiae with one preapical
seta. Abdomen yellow with pairs of dull brown spots on fifth abdominal tergite. This
species is similar to M. tabidiventris and they differ by shape of male genitalia.
Surstylus in M. tabidiventris is strongly concave, with undulated distal margin (Fig.
2E) which is conspicuously invaginated but in M. fasciata surstylus is slightly concave
and elongated (Fig. 2B), with an apical toothlike projection at distal posterior margin
(Fig. 2C). Medial branch of pregonite with a subapical tooth, and apical tooth usually
not prominent (Fig. 2C); postgonite without toothlike projection distally.

Minettia longipennis (Fabricius, 1794)

Distribution: Andorra, Austria, Belgium, Britain, Bulgaria, Czech Republic, Denmark,
Estonia, Finland, France, Germany, Hungary, Ireland, Italy, Latvia, Lithuania, Norway,
Poland, Romania, Russia, Slovakia, Spain, Sweden, Switzerland, Netherlands,
Ukraine, Mongolia, East Palaearctic, Near East, Nearctic (Papp, 1984; Shatalkin,
2000; Merz, 2004b) (new record for Iran).

Material examined: 5km N Fooman, 21.09.2015, 29 ¢ (Mohamadzade leg.) (SMNC); Fooman, Roodkhan
Castle (Ghaleh Roodkhan), N: 37°06, E: 49°16, 340m, 10.09.2015, 233, 19 (JAZM, SMNC) (Karimi leg.).

Diagnosis: Body completely brownish black, antenna brown, length of aristal rays
more than width of third antennal segment, palpus black. Acrostichal setae presentin
6 rows; presutural dorsocentral seta absent. Wing yellowish; distinctly darkened basally;
halter black with yellow stem. Hind tibia without subapical seta. Abdomen black; without
spots or bands (Fig. 2G). Surstylus with two lobes, ventral lobes well developed (Fig. 2H).

Minettia tabidiventris (Rondani, 1877)

Distribution: Croatia, Cyprus, Denmark, France, Germany, Greece, Hungary, Israel,
Italy, Liechtenstein, Malta, Norway, Portugal, Spain, Sweden, Switzerland, Turkey,
Wales (Merz, 2004a) (new record for Iran).
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Material examined: Masal, Rizeh Mandan Village, N: 37°22, E: 49°05, 205 m, 12.08.2015, 13 (SMNC)
(Karimi leg.).

Fig. 2. Minettia fasciata (Fallen) (A-C), Minettia tabidiventris (Rondani) (D-F) and Minettia longipennis (Fab-
ricius) (G-H), A. Habitus view, left, B. Left surstylus, lateral, C. Male terminalia, ventral, D. Habitus view,
left, E. Left surstylus, lateral, F. Male terminalia, ventral, G. Habitus view, left, H. Male terminalia, ventral.
Diagnosis: Externally, this species is similar to M. fasciata (Figs. 2A, D) and they

differ in male genitalia structure. Surstylus in M. tabidiventris is strongly concave, with

undulated distal margin which is conspicuously invaginated (Figs. 2E, F) but in M.

fasciata surstylus is slightly concave and elongated, with an apical toothlike projection

at distal posterior margin.
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Peplomyza litura (Meigen, 1826)

Distribution: Andorra, Austria, Belgium, Britain, Caucasus, Czech Republic, Croatia,
France, Germany, Hungary, Ireland, Italy, Liechtenstein, Norway, Poland, Romania,
Russia, Serbia, Slovakia, Spain, Switzerland, Netherlands, Ukraine (Papp, 1984;
Shatalkin, 2000; Merz, 2004b) (new record for Iran).

Material examined: Astara, Heyran pass, N: 38°22, E: 48°37, 700m, 15.07.2015, 24J, 19 (Karimi
leg.) (JAZM, SMNC).

Diagnosis: Body brown. Mesonotum with dark longitudinal stripes (Fig. 3B). Lateral
part of thorax yellow with brown longitudinal stripes. Presutural dorsocentral seta
present. Wing with dark longitudinal bands (Figs. 3A, C). Vein R, setose on basal part.

Sapromyza talyshensis Shatalkin, 1998
Distribution: Azerbaijan and Iran (Papp, 1984; Shatalkin, 1998)
Distribution in Iran: Golestan (Shatalkin, 1998).

Material examined: Talesh, Havigh region, Rik valley, N: 37°47, E: 48°54, 43 m, 20.08.2015, 24 & (JAZM,
SMNC); Masal, Rizeh Mandan Village, N: 37°22, E: 49°05, 205 m, 12.08.2015, 13 (Karimi leg.) (SMNC).

Tricholauxania praeusta (Fallén, 1820)

Distribution: Austria, Belgium, Belarus, Czech Republic, Denmark, Bulgaria,
France, Germany, Italy, Finland, Sweden, Romania, Ukraine, (Papp, 1984; Merz,
2004b) (new record for Iran).

Material examined: Astara, Bibi Yanlo farest park, N: 38°26, E: 48°48, 25m, 19.08.2015, 108J, 299
(Karimi leg.) (JAZM, SMNC).

Diagnosis: Body completely yellow, presutural dorsocentral seta present. Wing with
R,., setose ventrally. This species simply differentiated with another species of the
genus in the Palaearctic region, T. claripennis, by wing with dull brown areas along
dm-cu and darkening in apical part of longitudinal veins, but T. claripennis only have
brown area along dm-cu crossvein (Fig. 3D). In male, hind tibia with apicoventral patch
of short, dense, black setae (in T. claripennis, hind tibia contains ventroapical groove

with thick spinules along margin). Male genitalia as in Figs. 3E, F.

REMARKS

Before this study, no Lauxaniidae species had been recorded from Gilan province
but in the present study 10 species were collected from this province; of them, seven
species were recorded for the first time for Iran increasing the number of known Iranian
lauxaniidae species from 24 to 31. All of the collected species are new records to this
province. The current study is only a small part of investigations aiming at completing
knowledge on faunal diversity of the family Lauxaniidae in Iran. Further taxonomic
investigations are necessary to increase the knowledge of diversity and applicability
of this group of insects in other parts of Iran.
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Fig. 3. Peplomyza litura (Meigen) (A-C) and Tricholauxunia praeusta (Fallen) (D-F), A. Habitus view, left,
B. Mesonotum, C. Wing pattern, D. Habitus view, left, E. Male terminalia, lateral, F. same, ventral.
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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.

Key words: Coleoptera, darkling beetles, fauna, Mount Davraz, Isparta.

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
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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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ABSTRACT

In 2014 and 2015, Macroheterocera were collected in three altitudinal transects in the Amanos
mountains from 0 m up to 1104 m above sea-level. Altogether, 249 specimens were registered. Tissues
from 91 selected specimens (42 Noctuidae/Erebidae, 35 Geometridae, 14 others) were submitted to DNA
barcoding, partly for identification purposes, partly to investigate zoogeographical questions about the
relationships between Anatolian and Levantine populations.

The sequencing was very successful (97%, only three failures) and revealed to include 81 BINs, 13
of them new for the BOLD database. Three species (Eublemma cf. gratissima, Erebidae, 3.4% from E.
suppuncta; Dyspessa cf. ulula, Cossidae, 9.1% from D. ulula; Cryphia cf. ravula Noctuidae 4.7% from C.
ravula) may be new for science and require further taxonomical analysis. All of them differ by more than
3.4% from their nearest neighbours, as currently present on BOLD database. In two other cases (genera
Mythimna (Noctuidae) and Zeuzera (Cossidae), we found smaller genetic divergences (1.3-2.0%)
from their European relatives, which require further taxonomic investigation. Geometra papilionaria
(Linnaeus, 1758) and Macaria notata (Linnaeus, 1758) (Geometridae), previously only known from the
Black Sea Region in Turkey, now were reported in the Amanos mountains, thus considerably extending
the distribution areas southwards. Moreover, Lomaspilis marginata (Linnaeus, 1758) (Geometridae), is
possibly new for Turkey as the only previous literature record (Kogak and Kemal, 2009) is doubtful as no
authentic specimens have been traced. We present several cases where the DNA barcodes helped to
clear up zoogeographical patterns.

Key words: Geometridae, Lepidoptera, Levant, Amanos, Anatolia.

INTRODUCTION

Turkey, extending from Asia to Europe, is one of the most species-rich countries
in the western Palaearctic. Unfortunately, the previous studies on biodiversity of
Turkey were just a few. Determination of the insect fauna will help to understand
their biology, ecology and also will benefit the improvement of control methods of the
pest species. Like many other species, many moth species are facing extinction due
to global climate change and human activities. Determination of moth species, their
biology and spread areas, therefore, is crucial for Turkey’s faunistic studies. Most of
the previous studies were conducted by foreign researchers visiting Turkey for short
periods of time, and comprised of different lepidopteran species belonging to different
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families of Macroheterocera (Lederer, 1865; Mathew, 1881; Wehrli, 1934; Zukowsky,
1941; De Lattin, 1951; Kansu, 1963; Seven, 1991; Hausmann, 1996; Lastuvka and
Lastuvka, 2001; Doganlar, 2003; Ozdemir et al., 2005; Can and Mironov, 2006; Kogak
and Kemal, 2007; Can, 2008; Okyar and Mironov, 2008; Okyar, 2010; 2012). But, none
of these studies specifically targeted the Amanos Mountains’ biodiversity, although
some of them partly included the area and therefore the moth species of the region.

Amanos Mountains, situated in the eastern Mediterranean Region of Turkey,
rising sharply from the sea level, has a mountain range extending about 200 km
from Kahramanmaras to Hatay provinces. The range is about 25 km wide, and
has topographical, geological and geomorphological features which support a high
rate of endemism and a large number of still ongoing speciation events (Ayta¢ and
Semenderoglu, 2012; Ozkogak, 1993) (Fig. 1). Therefore the Amanos Mountains can
be regarded as a ‘laboratory of evolution’ and thus an ideal model for case studies in
research of evolution biology, biogeography and the effects of biotic and abiotic factors
on biodiversity (e.g. effects of climatic change). Amanos mountain range (highest peak
Migir Peak (2240 m)), is one of the least damaged natural ecosystems of Turkey. The
range is located in the intersection point of three different phytogeographic vegetation
zones namely Euro-Siberian, Iran-Turanian and Mediterranean. There are maquis
shrubs and pine forests up to 1000 m elevation and above that forests of larch, cedar
and fir trees. Furthermore, Amanos mountain range is the southernmost point of beech
forests (Ezer, 2008; Anonymous, 2007; Aytag, 2010; Aytag and Semenderoglu, 2012).

e

Figs. 1a, 1b. Two habitats in Amanos Mountains.

The biodiversity of the Amanos mountains notably is rich as a consequence of the
above mentioned geological and climatical diversity. We therefore believe in a key
role of the Amanos mountains for the understanding of biodiversity and speciation
events in the Middle East and the Levant. Due to its north/south-position at a right
angle to all the other (west/east-positioned) Anatolian mountain chains, each climatic
change in the past-until today!-pressed species to extend or shift their distribution
areas southwards (as a response to cooling events) or northwards (during warming
periods) along the Amanos mountains, like through a “channel” or “gallery”. Populations
pressed towards the southern end of this chain got often isolated and evolved to
separate species, therefore we find endemisms of supposed Anatolian origin on
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the Al Lawz mountain (e.g. Scopula cf. diffinaria (Prout 1913), cf. Wiltshire (1990)),
Sinai (e.g. Nebula mantelorum Hausmann 1997), mountains of central Jordan (e.g.
Thetidia silvia Hausmann 1991) or northern Israel (e.g. genus Crocallis species
near tusciaria; unpublished). Our hypothesis was supported by preliminary results
of own DNA Barcoding pilot projects on geometrid moths of the Middle East: of 210
barcoded geometrid moth species (n=826) in Israel and Jordan, we currently have
107 sister species pairs or conspecific populations in Turkey, which are barcoded
in the southern Levant and as well as in Turkey. Sixty two of them (58%!) show
remarkable genetic (COI) differentiations of 0.5-4.0% minimum pairwise distance
(source: own, unpublished data (in prep.): The geometrid moths of Israel; 350 pp).
This fact makes the Macroheterocera of the Levant to an ideal model group to test
the hypothesis, that actual climatic change (e.g. warming; desertification) is pressing
species distribution areals towards the north and vertically towards higher altitudes.
We should expect the arrival of southern species and southern populations at the
Amanos mountains (during their northwards-directed extentions or shifts of distribution
areas), such as vertical shifts towards the summits of the Amanos mountain chain.
We hypothesized that these processes and scenarios are often directly correlated
with shifts of host-plant distributions. Since little is known on host-plant relationships
of western Asian moths, a certain emphasis is given in our project on synecological
investigations on Macroheterocera (host-plants; habitats).

With this study, the biodiversity of moths of the Amanos Mountains, their vertical and
horizontal distribution were investigated by using both morphological and molecular
methods.

MATERIALS AND METHODS

Boundaries of the study area of the project were the parts of the Amanos Mountains
between Erzin-Ugkoz plateau in north and Mount Musa in the south, within Hatay
province borders, and covering almost 2/3 of the mountain range. Field work was
conducted in Amanos mountains in 2014 and 2015 between May and June, when the
moths are more active, taking the consideration of collecting samples from localities
with different altitudes, climatic conditions, vegetation and geographical conditions.

Specimens were collected by a net in the day-light, also methods of shaking the
branches and visual checks were used (Fig. 2). Nocturnal light trapping was performed
at three altitudinal transects, covering a maximum of habitat diversity (elevation,
climate, vegetation and geology) in the Amanos Mountains from the beginning of May
to the end of June in 2014 and 2015. Three 15 watt portable light traps were used for
each transect. All the localities’ elevations and coordinates were recorded by a GPS
instrument. Specimens were dissected in the laboratory, with the genitalia embedded on
slides (partly in Entellan, partly in Euparal) following standard procedures. All specimens
were deposited in the Lepidoptera Collection of the University of Mustafa Kemal, Hatay,
Turkey. Confirmation of species identity was assisted by comparing material with
identified specimens at the ZSM (Zoologische Staatssammlung Munchen).
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Figs. 2a. Stueningia wolfi. 2b. Arctia villica. 2c. Proteuchloris neriaria.

Taxon and tissue sampling for the molecular approach

Our sampling strategy aimed to gain a best possible coverage over the distribution
area, the altitudinal range and the habitat preferences of each species. For mtDNA
studies, one fresh leg was sampled for a total of 91 specimens belonging to different
families of Macroheterocera collected from Amanos Mountains of Turkey.

DNA analysis

DNA extraction was performed following standard protocols, using silica
membrane-based DNA extraction kits in robotic systems incubating tissues overnight
at 56 °C in lysis buffer, followed by centrifugation and DNA purification (DeWaard et al.,
2008). For COI Barcoding PCR amplification and DNA sequencing were performed at
the CCDB following standard high-throughput protocols (Ilvanova et al., 2006; DeWaard
et al., 2008), that can be accessed under, Hebert et al., 2003 to recover, with a single
primer pair, a 658 bp region near the 5 terminus of the mitochondrial cytochrome ¢
oxidase | (COI) gene that included the standard 648 bp barcode region for the animal
kingdom (Hebert et al., 2003). All sequences were deposited also in GenBank according
to the iBOL data release policy. Complete specimen data including images, voucher
deposition, GenBank accession numbers, GPS coordinates, sequence and trace files
were accessed in public projects of the Barcode of Life Data System (Ratnasingham
and Hebert, 2007).

RESULTS

Altogether, 249 specimens were registered, of which 47 specimens were not
considered for further study because of their lower conservation statuses. The
sequencing was successful in 88 out of the 91 morphospecies-selected samples (97%)
which had been submitted to DNA Barcoding. A total of 84 samples were sequenced
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to the full length of the DNA barcode (658bp), in four cases the sequence length was
slightly shorter (596-642bp). Our barcodes from Amanos mountains revealed to include
81 Barcode Index Numbers (BINs), 13 of them new for the BOLD database, which are
a good proxy for species boundaries (Hausmann et al. 2013), cf. Table 1. and Fig. 3.

Three species (Eublemma cf. gratissima, Erebidae, 3.4% from E. suppuncta;
Dyspessa cf. ulula, Cossidae, 9.1% from D. ulula; Cryphia cf. ravula Noctuidae 4.7%
from C. ravula) may be new for science and require further taxonomical analysis. All
of them differ by more than 3.4% from their nearest neighbors, as currently present
on BOLD database. In two other cases (genera Mythimna (Noctuidae) and Zeuzera
(Cossidae), we found smaller genetic divergences (1.3-2.0%) from their European
relatives, which require further taxonomic investigation. Geometra papilionaria
(Linnaeus, 1758) and Macaria notata (Linnaeus, 1758) (Geometridae), previously
only known from the Black Sea Region in Turkey, now were reported in the Amanos
mountains, thus considerably extending the distribution areas southwards. Moreover,
Lomaspilis marginata (Linnaeus, 1758) (Geometridae), is possibly new for Turkey as
the only previous literature record (Kogak and Kemal, 2009) is doubtful as no authentic
specimens have been traced.

We furthermore found several cases where the DNA barcodes helped to clear up
zoogeographical patterns: For instance, Orygia trigotephras orientalis (BC ZSM Lep
92813) revealed as a separate taxon from the populations of southern Europe and
northern Africa (separate BIN; distance 6.6%), and may better be considered as a
separate species. Pseudoterpna coronillaria (BC ZSM Lep 92727) was nested within
the cluster of subsp. axillaria (Lebanon) and subsp. halperini (Israel) and not with
the barcoded populations from south-western Turkey and Cyprus (including “subsp.
cinerascens”). Drymonia querna djezina (described from the Lebanon) is confirmed
as a separate taxon, diverging from the DNA barcodes of European populations
(Germany, France, Spain, Italy) by 3.5%.

DISCUSSION

The methods chosen for this pilot study, i.e. collecting along altitudinal transects
and analysis applying an integrative approach based on morphological traits as well
as on DNA barcodes, has proven to yield very interesting results and to be the right
strategy to make successful an extended project on the Lepidoptera of the Amanos
mountains in the future.

CONCLUSION

This pilot study had to be based on a comparatively small sample but we could
already demonstrate the great potential of biodiversity assessments based on DNA
barcoding. For statistical analyses of all the questions presented in the introduction
we would need much larger samples which should be taken in the future. Itis planned
to extend the analytical approach to include also nDNA analyses which will allow to
put the results into a phylogenetic context.
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2%

Zeuzera|BC ZSM Lep 928 16|658[0n]|BOLD:ADCE403
_| patalia argentinalBC ZSM Lep 92803(658[0n]|BOLD:AAJ2893
Orgyia trigotephras orientalis|BC ZSM Lep 92813(658[0n]|BOLD-ADCY172
Eutelia adulatrix|BC ZSM Lep 92783(658(0n]|BOLD:AAMS146
Eublemma ostrina|BC ZSM Lep 92775(65&[0n]BOLD:AAG 1828
JEublemma gratissimaF C01|BC ZEM Lep 92784|658[0n]|BOLD - ADCT408
YEublemma gratissimaF CO1|BC ZSM Lep 927851658 [0n]BOLD:ADCT408
Metachrostis velocior|BC ZSM Lep 92792|658[0n][BOLD:ADC8529
Diachrysia generosa|BC ZSM Lep 92776|656[0n]|BOLD.AAAGS11
utographa gamma|BC ZEM Lep 92787(658[0n]|BOLD.AABA345
Trichoplusia ni| BC ZSM Lep 92788| 658{0n] |[BOLD: AAC3410
PlecopteraNoc inquinata|BC ZEM Lep 92780[658[0n |BOLD:ACIS080
Catocala eutychealBC ZSM Lep 9277 1658[0n][BOLD:AAI7369
Parascotia nisseni|BC ZSM Lep 92605|658[0n]|BOLD.ADCT 169
Arctia villicalBC ZSM Lep 92808|658[0n]|BOLD:AACSE27
Amata phegea|BC ZSM Lep 92807|658[0n]BOLD:ADC6333
Dysgonia algira|BC ZEM Lep 9276 6|658[0n]|BOLD AAIS867
Minucia lunaris [BC ZSM Lep 92779(658[0n][BOLD:AAF 5900
Eilema sororcula[BC ZSM Lep 92808|658[0n][BOLD:AAC10TT
Aedia funesta|BC ZSM Lep 92781|658[0n]|[BOLD:AAJ1811
Amphipyra effusa|BC ZSM Lep 927 95[658[0n]|BOLD:AAN0315
Oligia versicolor|BC ZEM Lep 92786(558[0n]|BOLD.AABT6E61
Mythimna congrua|BC ZEM Lep 92782|858[0n]|BOLD: AAZ2913
Mythimna vitellina|BC ZSM Lep 92789|658[0n]|BOLD:AAE0041
|Apamea monoglypha|BC ZSM Lep 92793|656[0n]|BOLDABX6591
Apamea monoglypha|BC ZSM Lep 92794|658[0n][BOL D ABX6591
| Acronicta aceris|[BC ZSM Lep 92773|658[0n]|BOLD AAC1168
Acronicta aceris|BC ZSM Lep 92774(658[0n] BOLDAACT 168
Caradrina clavipalpis|BC ZSM Lep 92769|658[0n]|BOLD:ABVS016
MNoctua comes|BC ZSM Lep 92770|658[0n][BOLD:AAA B33
Noctua pronubalBC ZSM Lep 92777(658[0n]BOLD:AAA2E32
MNactua pronuba|BC ZEM Lep 92778|658[0n]BOLD: AAA2632
P olyphaenis propinqualBC ZSM Lep 92772|658[0n]|BOLD.AALO181
Agrofis ipsilon|BC ZSM Lep 92767|658[0n][BOLDAAA3364
Agrotis segetum|BC ZSM Lep 92768(658[0n] BOLDAAC3884
Nycteola|BC ZSM Lep 92796|658[0n]|BOLD:ADCE75 1
- Pseudoterpna coronillaria axillaria|BC ZEM Lep 92727|658[0n]|BOLD:AAE0305
_r| Geometra papilionarialBC ZSM Lep 92728[658[0n]|BOLD: AAB2012
Macaria notata|BC ZSM Lep 8274 0[658[0n]|[BOLD: ACF 1675
Lomaspilis marginata| BC ZSM Lep 827 39|658[0n]|BOL D.AABS300
1 ampaea margaritaria[BC Z8M Lep 92742(658[0n][B OLDAABS336
Hylaea fasciaria|BC ZSM Lep 92743|658[0n]|BOLD AABB6TS
Thalera fimbrialis|BC ZSM Lep 92731|658[0n][BOLD:AAD185T
Henachlorodes olympiaria cremonaria|BC ZEM Lep 92730|658[0n]BOLD AAE4516
Phaselia deliciosaria|BC ZSM Lep 92744|658[0n]|BOLD:ACF4990
Peribatodes rhor a|BC ZSM Lep 92745|658[0n]|BOLD:ACET7297
Stueningia wolfi|BC ZEM Lep 92746(658[0n]|[BOLD:AAIOOE0
amptogramma bilineata|BC ZEM Lep 92734 [658[0n][BOLDAAAS0 17
—L: Gnophos sartata|BC ZSM Lep 92748(658[0n][BOLD:AAB2861
Dysauxes famula|BC ZSM Lep 92781[658[0n]|BOLD ACF0669
Proteuchloris neriaria|BC ZEM Lep 927 29|658[0n]|BOLD:AAD4805
Charissa mardinaria|BC ZSM Lep 92749[658[0n]|BOLD AAEST08
Scopula submutata|BC ZSM Lep 92758|658[0n]|BOLD AACA4889
Scopula imitaria| BC ZSM Lep 92756|658[0n]|[BOLD . AABE665
Problepsis ocellatalBC Z5M Lep 92764 658 [0n]BOLD:ACF2550
|daeatrigeminatalBC ZSM Lep 92753|658[0n]|BOLD:AABBIET
Idaea consanguinaralBC ZSM Lep 92754(658[0n]|BOLD.ABY 5966
ldaea consanguinarialBC ZSM Lep 92755(658[0n]|BOLD:ABY5968
Idaea consanguinarialBC ZSM Lep 927571658[0n]|BOLD:ABY5966
Idaea ostrinaria[BC ZSM Lep 92752(658[0n][BOLDAAE2645
Idaea subsericeata|BC ZEM Lep 92750|658[0n]|BOLD.ACE4009
ldaea distinctaria|BC ZSM Lep 92758|642[0n]|BOLD:AAB4028
Idaea distinctaria|BC ZSM Lep 92760[658[0n]|BOLD AAB4028
Idaea degeneraria|BC ZSM Lep 92751|658[0n]|BOLD: AAB2099
Idaea aversatalBC ZSM Lep 92761|597[1n]BOLD :AAAS256
Idaea deversaria|BC ZSM Lep 92762(658[0n]|BOLD AAAG359
Catarhoe permixtaria|BC ZSM Lep 92733 |658[0n]|BOLD:AAC2045
Cyclophora puppillaria|BC ZSM Lep 92765[658[0n][BOLD:AAB2523
Philereme transversata|BC ZSM Lep 92736(858[0n][BOLD:AAC5 103
Rhodostrophia discopunctatalBC ZEM Lep 92763 |658[0n]|BOLDAACI 967
Orthonama obstipata|BC ZSM Lep 92738|636[0n]BOLD:AAA3A31
Ascotis selenaria|BC ZSM Lep 92747|658[0n]|BOLD AAC0406
Eupithecia schieferer|BC ZEM Lep 92737|658[0n]|BOLD:AACS667
Phyllodesma tremulifalia|BC ZSM Lep 927996 58[0n]|BOLDACF2447
Marumba quercus|BC Z8M Lep 92800(658[0n]|BOLD:AADB930
Sphinx pinastrilBC ZSM Lep 92801|658[0n][BOLD:AAAB863
Drepana falcataria|BC ZSM Lep 82797|656[0n]|BOLD . AABS916
‘atsonalla uncinula|BC ZSM Lep 92798|618[0n]|BOLD:AACS332
Heliothis peltigera|BC ZSM Lep 92790]658[0n]|BOLD AACE990
Synaphe connectalis|BC ZSM Lep 926191656[0n]|[BOLDADCT 648
Hyles livornica|BC ZSM Lep 92802|658[0n][BOLD:ABY 8586
Paidia conjunctaFC01|BC ZSM Lep 92809|658[0n]BOLD:ADCT7270

[
—]
Parocneria terebynthi|BC ZSM Lep 92611|655[0n]|BOLD.ADCSE62
I I

Lymantria dispar|BC ZSM Lep 92810|658[0n]|BOLD:AAA2052

Ocneria ledereri|BC ZEM Lep 92812|658[0n]|[BOLD:ADC8183

Drymonia querna djezina|BC ZSM Lep 82804(658[0n]|BOLD:ADC9218

Dyspessa ululaFCO1|BC ZSM Lep 92814|658[0n]|BOLD:ADC8562
Dyspessa ulula|BC Z5M Lep 92815[658[0n]|[BOLD ADCT7998

Fig. 3. Neighbour Joining Tree (Kimura 2 Parameter, COl Barcode gene fragment) for the 88 DNA sequenc-
es from our pilot study in the Amanos mountains, southern Turkey.
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Table 1. Sequencing results (BINs; sequence lengths; species identification) from DNA Barcoding (COl,
5’) of 91 Lepidoptera specimens from altitudinal transects in the Amanos mountains, southern Turkey

COI-5P L Collection )
Sample ID BIN Seq. Identification Date Exact Site Lat Lon Elev
Length
52075?’\/' Lep BOLD:AAE0305 | 658[0n] | Pseudoterpna coronillaria axillaria | 17.05.2015 | Samandag, Musa dagi 36,1494 | 35,9983 | 232
S;ggM Lep BOLD:AAB2012 | 658[0n] | Geometra papilionaria 02.05.2014 | Serinyol, Yildirimlal 36,3861 | 36,1653 | 281
gzcég"" LeP | BOLD:AADA4805 | 658(0n] | Proteuchioris neriaria 17.05.2015 | Samandag, Musa dagi | 36,1494 | 35,9983 | 232
g;fg“" LeP | BoLD:AAE4516 | 658[0n] )C‘ree',’rfg,’;g’;gdes"’ympia”a 17.05.2015 | Samandag, Musa dagi | 36,1494 | 35,9983 | 232
g;;sm LeP | BOLD:AAD1857 | 658[0n] | Thalera fimbrilis 17.05.2015 | Samandag, Musa dagi | 36,1494 | 35,9983 | 232
32C7§§M Lep 0 Phaiogramma etruscaria 02.05.2014 | Serinyol, Yildirimlar 36,3861 | 36,1653 | 281
5207§§M Lep BOLD:AAC2045 | 658[0n] | Catarhoe permixtaria 02.05.2014 | Serinyol, Yildirimlar 36,3861 | 36,1653 | 281
5207ng Lep BOLD:AAA8017 | 658[0n] | Camptogramma bilineata 27.05.2015 | Belen-Komurcukuru 36,4103 | 36,1169 | 1104
3207§§M Lep 0 Mesoleuca albicillata 02.05.2014 | Serinyol, Yildirimlar 36,3861 | 36,1653 | 281
52C7§§M Lep BOLD:AAC5103 | 658[0n] | Philereme transversata 17.05.2015 | Samandag, Musa dagi 36,1494 | 35,9983 | 232
5207?“" Lep | BOLD:AACS667 | 658(0n] | Eupithecia schiefereri 17.05.2015 | Samandag, Musa dagi | 36,1494 | 35,9983 | 232
g;ﬁ"" LeP | BOLD:AAA3431 | 636[0n] | Orthonama obstipata 17.05.2015 | Samandag, Musa dagi | 36,1494 | 35,9983 | 232
5207593“" LeP | BOLD:AABS300 | 658(0n] | Lomaspilis marginata 02.05 2014 | Serinyol, Yildirimlar 36,3861 | 36,1653 | 281
BOZSMLEP | BOLDACF1675 | 658[0n] | Macaria noteta 02.05.2014 | Serinyol, Yildirimlar 36,3861 | 36,1653 | 281
52074218’\/' Lep 0 Cabera pusaria 02.05.2014 | Serinyol, Yildirimlar 36,3861 | 36,1653 | 281
52074223M Lep BOLD:AAB5336 | 658[0n] | Campaea margaritaria 02.05.2014 | Serinyol, Yildirimlar 36,3861 | 36,1653 | 281
320742?’\/' Lep BOLD:AAB6675 | 658[0n] | Hylaea fasciaria 27.05.2015 | Belen-Komurcukuru 36,4103 | 36,1169 | 1104
gfmzf"" LeP | BOLD:ACF4990 | 658[0n] | Phaselia deliciosaria 27.05.2015 | Belen 36,3667 | 36,1797 | 235
52074Z§M Lep | BOLD:ACE7297 | 658[0n] | Peribatodes rhomboidaria 27.05.2015 | Belen 36,3667 | 36,1797 | 235
5;3742(‘:‘“" LeP | BOLD:AAIO0B0 | 658[0n] | Stueningia wolfi 27.05.2015 | Belen 36,3667 | 36,1797 | 235
5207423"" LeP | BOLD:AAC0406 | 658[0n] | Ascotis selenaria 17.05.2015 | Samandag, Musa dagi | 36,1494 | 35,9983 | 232
32C74Z§M Lep BOLD:AAB3861 | 658[0n] | Gnophos sartata 02.05.2014 | Serinyol, Yildirimlar 36,3861 | 36,1653 | 281
SZCMZSM Lep BOLD:AAES708 | 658[0n] | Charissa mardinaria 27.05.2015 g‘:'rﬁi"‘d';:htak°p'“' 36,395 | 36,1581 | 450
BOZSMLEP | BOLD:ACE4009 | 658[0n) | idaea subsericeata 27.05.2015 | Belen 36,3667 | 36,1797 | 235
3207;8’\/' Lep BOLD:AAB2099 | 658[0n] | /daea degeneraria 02.05.2014 | Serinyol, Yildirimlar 36,3861 | 36,1653 | 281
g;éf"" Lep | BOLD:AAE2645 | 658[0n] | ldaea ostrinaria 27.05.2015 | Belen 36,3667 | 36,1797 | 235
32C7§§M Lep BOLD:AABG967 | 658[0n] | Idaea trigeminata 17.05.2015 | Samandag, Musa dagi 36,1494 | 35,9983 | 232
gzcéf"" Lep | BOLD:ABY5966 | 658(0n] | Idaea consanguinaria 27.05.2015 | Belen 36,3667 | 36,1797 | 235
gzcég“" LeP | BOLD:ABY5966 | 658(0n] | Idaea consanguinaria 27.05.2015 | Belen 36,3667 | 36,1797 | 235
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Table 1. Continued.

Col-5P - Collection .
Sample ID BIN Seq. Identification Date Exact Site Lat Lon Elev
Length
5207;?"" ke | BoLD:AAB6665 | 658[0n] | Scopula imitaria 27.05.2015 | Belen 36,3667 | 36,1797 | 235
52(;7??’\/' Lep BOLD:ABY5966 | 658[0n] | /daea consanguinaria 27.05.2015 | Belen 36,3667 | 36,1797 | 235
g;égm LeP | BOLD:AAB4028 | 642(0n] | Idaea distinctaria 27.05.2015 | Belen 36,3667 | 36,1797 | 235
g;gg"" LeP | BOLD:AAC4899 | 658(0n] | Scopula submutata 17.05.2015 | Samandag 36,0023 | 35,9747 | 61
g;ggm LeP | BOLD:AAB4028 | 658(0n] | Idaea distinctaria 17.05.2015 | Samandag, Musa dagi | 36,1494 | 35,0983 | 232
g;ésm Lep BOLD:AAA8256 | 596[1n] | /daea aversata 02.05.2014 | Serinyol, Yildirimlar 36,3861 | 36,1653 | 281
5207§ZSM Lep BOLD:AAA9359 | 658[0n] | /daea deversaria 24.06.2015 | Iskenderun 36,6439 | 36,3219 | 989
g;g?M Lep BOLD:AAC3967 | 658[0n] | Rhodostrophia discopunctata 17.05.2015 | Samandag 36,0923 | 35,9747 | 61
§2C7§f"" LeP | BOLD:ACF3550 | 658[0n] | Problepsis ocellata 27.05.2015 | Belen 36,3667 | 36,1797 | 235
g;gssm LeP | BoLD:AAB2523 | 658(0n] | Cyclophora puppillaria 27.05.2015 | Belen 36,3667 | 36,1797 | 235
g;gg"" LeP | BOLD:AAIBS67 | 658(0n] | Dysgonia algira 17.05.2015 | Samandag, Musa dagi | 36,1494 | 35,9983 | 232
g;ésm LeP | BOLD:AAA3364 | 658(0n] | Agrotis ipsilon 17.05.2015 | Samandag, Musa dagi | 36,1853 | 35,9831 | 519
g;gssm LeP | BoLD:AAC3884 | 658(0n] | Agrotis segetum 17.05.2015 | Samandag, Musa dagi | 36,1783 | 35,9831 | 724
g;égSM Lep BOLD:ABV5016 | 658[0n] | Caradrina clavipalpis 17.05.2015 | Samandag, Musa dagi 36,1494 | 35,9983 | 232
ggﬁg“" Lep BOLD:AAA2633 | 658[0n] | Noctua comes 27.05.2015 gz'r:i’g;zmak°p"" 36,395 | 36,1581 | 450
BCZSMLeP | BoLD:AAIT369 | 658[0n] | Catocala eutychea 27.05.2015 | Belen 36,3667 | 36,1797 | 235
§2C7§ZSM Lep BOLD:AAL0181 | 658[0n] | Polyphaenis propinqua 27.05.2015 | Belen 36,3667 | 36,1797 | 235
5207533"" LeP | BoLD:AAC1168 | 658[0n] | Acronicta aceris 27.05.2015 | Belen 36,3667 | 36,1797 | 235
g;sf"" LeP | BOLD:AAC1168 | 658(0n] | Acronicta aceris 17.05.2015 | Samandag, Musa dagi | 36,1783 | 35,9831 | 724
557355"" LeP | BOLD:AAG1829 | 658(0n] | Eublemma ostrina 17.05.2015 | Samandag, Musa dagi | 36,1494 | 35,9983 | 232
S§7$2M LeP | BOLD:AAAGS11 | 658[0n] | Diachrysia generosa 17.05.2015 | Samandag, Musa dagi | 36,1494 | 35,9983 | 232
§§7§7SM Lep BOLD:AAA2632 | 658[0n] | Noctua pronuba 17.05.2015 | Samandag, Musa dagi 36,1494 | 35,9983 | 232
g’;;gM Lep BOLD:AAA2632 | 658[0n] | Noctua pronuba 17.05.2015 | Samandag, Musa dagi 36,1494 | 35,9983 | 232
SZ%EM Lep BOLD:AAF5900 | 658[0n] | Minucia lunaris 17.05.2015 | Samandag, Musa dagi 36,1783 | 35,9831 | 724
SZC7§OSM Lep BOLD:ACI5080 | 658[0n] | PlecopteraNoc inquinata 27.05.2015 | Belen 36,3667 | 36,1797 | 235
S;;sm Lep BOLD:AAJ1811 | 658[0n] | Aedia funesta 17.05.2015 | Samandag, Musa dagi 36,1494 | 35,9983 | 232
5§7§ZSM Lep BOLD:AAZ2913 | 658[0n] | Mythimna congrua 17.05.2015 | Samandag, Musa dagi 36,1494 | 35,9983 | 232
257533“" LeP | BOLD:AAMS146 | 658[0n] | Eutelia adulatrix 17.05.2015 | Samandag, Musa dagi | 36,1494 | 35,9983 | 232
gzcnff“" LeP | BOLD:ADCT408 | 658[0n] | Eublemma gratissimaFCo1 27.05.2015 | Belen 36,3667 | 36,1797 | 235
BOZSMLeP | BOLDADCT408 | 658[0n] | Eublemma gratissimaFCOT 27.05.2015 | Belen 36,3667 | 36,1797 | 235
2§7§§M Lep BOLD:AAB7661 | 658[0n] | Oligia versicolor 17.05.2015 | Samandag, Musa dagi 36,1494 | 35,9983 | 232
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Col-5P - Collection .
Sample ID BIN Seq. Identification Date Exact Site Lat Lon Elev
Length
52C7§$M Lep BOLD:AAB4345 | 658[0n] | Autographa gamma 17.05.2015 | Samandag, Musa dagi 36,1494 | 35,9983 | 232
52C7§§M Lep BOLD:AAC3410 | 658[0n] | Trichoplusia ni 17.05.2015 | Samandag, Musa dagi 36,1494 | 35,9983 | 232
g;gg"" LeP | BOLD:AAE0041 | 658(0n] | Mythimna vitellina 17.05.2015 | Samandag, Musa dagi | 36,1494 | 35,9983 | 232
g;gg"" LeP | BOLD:AACE990 | 658(0n] | Heliothis peltigera 27.05.2015 Sz'ﬁi’g;imak"pr“' 36,395 | 36,1581 | 450
5207513“" LeP | BOLD:ACF0669 | 658[0n] | Dysauxes famula 27.05.2015 | Belen 36,3667 | 36,1797 | 235
BOZSMLeP | BOLDADCE529 | 658[0n] | Metachrostis velocior 27.05.2015 | Belen 36,3667 | 36,1797 | 235
5207538"\/‘ Lep BOLD:ABX6591 | 658[0n] | Apamea monoglypha 27.05.2015 | Belen-Komurcukuru 36,4103 | 36,1169 | 1104
g;ng Lep BOLD:ABX6591 | 658[0n] | Apamea monoglypha 17.05.2015 | Samandag, Musa dagi 36,1494 | 35,9983 | 232
§2C7§55M Lep BOLD:AANO315 | 658[0n] | Amphipyra effusa 27.05.2015 g:'r:i’g;zhtak"pr”' 36,395 | 36,1581 | 450
g;gg"" LeP | BoLD:ADC6751 | 658(0n] | Nycteola 27.05.2015 | Belen 36,3667 | 36,1797 | 235
g;éSM Lep BOLD:AAB8918 | 658[0n] | Drepana falcataria 02.05.2014 | Serinyol, Yildirimlar 36,3861 | 36,1653 | 281
557585"" LeP | BOLD:AAC5932 | 618[0n] | Watsonalla uncinula 27.05.2015 | Belen 36,3667 | 36,1797 | 235
g;ggsm LeP | BOLD:ACF2447 | 6580n] | Phyllodesma tremulifolia 17.05.2015 | Samandag, Musa dagi | 36,1494 | 35,9983 | 232
ggsggM Lep BOLD:AAD8930 | 658[0n] | Marumba quercus 27.05.2015 | Belen 36,3667 | 36,1797 | 235
BEISMLeP | BoLDAAABBE3 | 656[0n] | Sphinx pinastri 27.05.2015 | Belen 36,3667 | 36,1797 | 235
ggggzs'w Lep BOLD:ABY8586 | 658[0n] | Hyles livornica 17.05.2015 | Samandag, Musa dagi 36,1494 | 35,9983 | 232
gzcsgg""' LeP | BOLD:AAJ3893 | 658[0n] | Spatalia argentina 27.05.2015 | Belen 36,3667 | 36,1797 | 235
gggng Lep BOLD:ADC9219 | 658[0n] | Drymonia querna djezina 17.05.2015 | Samandag, Musa dagi 36,1783 | 35,9831 | 724
ggsgssM LeP | BOLD:ADC7169 | 658[0n] | Parascotia nisseni 17.05.2015 | Samandag, Musa dagi | 36,1494 | 35,9983 | 232
Sgsgg"" LeP | BoLD:AACE627 | 658(0n] | Arctia villica 17.05.2015 | Samandag, Musa dagi | 36,1853 | 35,9831 | 519
Sgagf"" LeP | BOLD:ADCE333 | 658(0n] | Amata phegea 27.05.2015 | Belen-Komurcukuru 36,4103 | 36,1169 | 1104
ggsggM Lep BOLD:AAC1077 | 658[0n] | Eilema sororcula 24.06.2015 | Iskenderun 36,6511 | 36,2833 | 982
BCISMLeP | BOLDADCT270 | 658[0n] | Paidia conjunctaF COT 27.05.2015 | Belen 36,3667 | 36,1797 | 235
BCISMLeP | BoLD:AAA2052 | 658[0n] | Lymantia dispar 27.05.2015 | Belen 36,3667 | 36,1797 | 235
ggsff"" LeP | BoLD:ADCS862 | 658[0n] | Parocneria terebynthi 27.05.2015 | Belen 36,3667 | 36,1797 | 235
SSS%SM Lep BOLD:ADC8183 | 658[0n] | Ocneria ledereri 17.05.2015 | Samandag, Musa dagi 36,1494 | 35,9983 | 232
ggsfssM LeP | BOLD:ADCO172 | 658[0n] | Orgyia trigotephras orientalis 27.05.2015 Szﬁi’g;f%“'amp’“' 36,395 | 36,1581 | 450
ggsff”' LeP | BoLD:ADC8S562 | 658[0n] | Dyspessa ululaFCO1 27.05.2015 gz'r:i’;*;:h'ak"p’“' 36,395 | 36,1581 | 450
gzcang LeP | BoLD:ADC7998 | 658(0n] | Dyspessa ulula 27.05.2015 gZ';i’geTr:h'ak"p’“' 36,395 | 36,1581 | 450
BCISMLeP | BOLD:ADCB403 | 658[0n] | Zeuzera 13.05.2013 | Kirikhan, Kumlu 36,3714 | 36,5439 | 79
g’g'gng Lep BOLD:ADC7648 | 658[0n] | Synaphe connectalis 02.05.2014 | Serinyol, Yildirimlar 36,3861 | 36,1653 | 281
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ABSTRACT

Five tachinid species were reared from five different hosts. Two of the hosts are recorded for the
first time. These two host-parasitoid couples are Apterogenum ypsillon (Denis and Schiffermdiller, 1775)
(Noctuidae) for Pales pavida (Meigen, 1824) and Ephelis cruentalis (Geyer, 1832) (Pyralidae) for Clemelis
pullata (Meigen, 1824). Also, four new host records for Turkey were identified.

Key words: Tachinidae, Lepidoptera, new host records, Kayseri, Turkey.

INTRODUCTION

Tachinidae is one of the largest families of Diptera with about 8,500 species
(O’Hara, 2013). The family gains importance in agricultural and forest fields ecologically
and economically because all of the species of this family are parasitoids of insects
and other arthropods. Many hosts are lepidopteran pests, some of which cause
considerable damage unless they are controlled. Other hosts are species that
belong to the orders Coleoptera, Hemiptera, Hymenoptera, Orthoptera, Diptera and
Lithobiomorpha (Grenier, 1988; Stireman et al., 2006; Tschorsnig, 2017). Many hosts
are still unknown. Detailed information on West Palaearctic hosts can be found in
Herting (1960), Tschorsnig and Herting (1994), Kara and Tschorsnig (2003), Vanhara
et al. (2009), Cerretti and Tschorsnig (2010), and Robertson and Shaw (2012). Kara
and Tschorsnig (2003) prepared a detailed catalogue containing hosts identified from
Turkey. Recently, the most comprehensive catalogue about Palaearctic hosts was
prepared by Tschorsnig (2017). It comprises 827 tachinid species reared from 2672
arthropod hosts belonging to eleven insect orders and one chilopod order.

MATERIAL AND METHODS

This study was carried out to determine the tachinid parasitoids of lepidopterous
hosts from agricultural and forest areas in Kayseri province (Turkey) in 2013-2015. The
Lepidopteran larvae were collected from crop, forest, weed, and ornamental plants
during the vegetation period. They were brought to the laboratory with their food-plants
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for rearing, transferred to separate cages and checked daily. Reared tachinids
were identified by the first and third authors using the keys of Mesnil (1944-1965),
Tschorsnig and Herting (1994) and Tschorsnig and Richter (1998). Nomenclature and
arrangement of tachinids follows Herting and Dely-Draskovits (1993). Lepidopterous
hosts were identified by the second author using the Rakosy (1996) and Slamka (1997).
The specimens are deposited at the Plant Protection Museum in Gaziosmanpasa
University, Agricultural Faculty, Plant Protection Department, Tokat, Turkey.

RESULTS

Five tachinid species were reared and are listed along with their hosts, distribution
in the world and some additional information.

Subfamily: Exoristinae
Tribe: Goniini
Clemelis pullata (Meigen, 1824)
Material examined: 17.06.2013, 15 18.06.2013, 1; 20.06.2013, 333; 29 2.

Host: Ephelis cruentalis (Geyer, 1832) (Pyralidae), collected in Kayseri:
Pinarbasi-Emegil, N 38°40°23”, E 036°19°17”, 1571m, 23.05.2013; Kayseri:
Talas-Cevlik, N 38°37°08”, E 035°48°09”, 1532m, 23.05.2013.

Distribution in Turkey: Tokat (Kara and Alaoglu, 2002); Eskisehir (Aksu, 2005).

Distribution in the World: Caucasus, Central and East Asia, East Siberia (Herting
and Dely-Draskovits, 1993), Europe (Tschorsnig et al., 2004).

Hosts in Turkey: Any hosts of C. pullata have not been detected in Turkey until now.

Remarks: Crambidae, Pyralidae and Tortricidae are the usual host families of this

tachinid (Tschorsnig and Herting, 1994). Ephelis cruentalis is a new host species for this
tachinid in the world. Also, Clemelis pullata is the first record of a tachinid for this host.

Pales pavida (Meigen, 1824)
Material examined: 10.06.2013, 14; 12.06.2013, 19; 13.06.2013, 1%.

Host: Parastichtis ypsillon (=Apterogenum ypsillon) (Denis and Schiffermdiller,
1775) (Noctuidae), collected in Kayseri: Blinyan, N 38°46'41”, E 035°57°40”, 1482
m, on Salix sp., 23.05.2013.

Distribution in Turkey : Erzurum, Kars (Doganlar, 1975, 1982; Ozbek and Coruh,
2012), Kirklareli (Haeselbarth, 1983), Samsun (Tuncer and Ecevit, 1996), Tokat (Kara,
1998; Atay and Kara, 2014), Ankara (Kara and Ozdemir, 2000); Amasya (Kara, 2001);
Afyonkarahisa, Burdur, Isparta (Avci, 2009); Sakarya (Balkan et al., 2015).

Distribution in the World: West Asia (Kugler, 1963), Europe (Tschorsnig et al., 2004).

Hosts in Turkey: Lymantria dispar L. (Haeselbarth, 1983; Avci, 2009) (Lymantriidae),
Malacosoma franconica Esp. and M. castrensis kirghisica Stgr. (Lasiocampidae)
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(Doganlar 1975; 1982), Hyphantria cunea (Drury) (Arctiidae) (Tuncer and Ecevit, 1996;
Kara and Tschorsnig, 2003), Aglais urticae L. (Nymphalidae), Leucoma salicis (L.)
(Lymantriidae) (Kara, 1998), Yponomeuta sp. (Yponomeutidae) (Kara and Ozdemir,
2000), Malacosoma neustria L. (Kara and Tschorsnig, 2003; Ozbek and Coruh, 2012),
Abraxas pantaria L. (Geometridae) (Ozbek and Calmasur, 2010), Antitype chi L.,
Calophasia lunula Hufn., Orthosia incerta Hufn. and Simyra dentinosa Frr. (Noctuidae)
(Robertson and Shaw, 2012).

Remarks: This tachinid is polyphagous on numerous Macrolepidoptera and
some Microlepidoptera (Tschorsnig and Herting, 1994). Parastichtis ypsillon is a
new host species for this tachinid in the world. Also, Pales pavida is the first record
of a tachinid for this host.

Sturmia bella (Meigen, 1824)

Material examined: 23.07.2013, 19; 24.07.2013, 19; 26.07.2013, 299; 31.07.2013, 1J; 28.07.2013,
135 29.07.2013, 17; 01.08.2013, 29 ?; 25.06.2015, 24 J; 26.06.2015, 109 7.

Hosts: Aglais urticae (Linnaeus,1758) (Nymphalidae), collected in Kayseri:
Hacilar-Erciyes Mountain, N 38°35°19”, E 035°30°21”, 2000m, on Urtica sp., 08.07.2013;
Kayseri: Haclilar-Erciyes Mountain, N 38°33’17”, E 035°30’18”, 2277m, 08.07.2013;
Kayseri: Melikgazi-Hisarcik, N 38°37°00”, E 035°30°'49”, 1676m, 10.07.2013; Vanessa
atalanta (Linnaeus,1758) (Nymphalidae), collected in Kayseri: Hacilar-Erciyes
Mountain, N 38°35'19”, E 035°30°21”, 2000m, on Urtica sp., 08.07.2013; Kayseri:
Develi, N 38°22'39”, E 035°29'05”, 1198m, 09.06.2015.

Distribution in Turkey: Erzurum (Doganlar, 1975), Marmara Region (Atak and Atak,
1984), Tokat (Kara, 1998); Sakarya (Balkan et al., 2015).

Distribution in the World: West Asia (Kugler, 1963; Herting and Dely-Draskovits,
1993), Europe (Tschorsnig et al., 2004),

Hosts in Turkey: Aglais urticae L. (Doganlar, 1975; Kara, 1998), Pieris brassicae L.
(Pieridae) (Atak and Atak, 1984). V. atalanta is a new host record for S. bella in Turkey.

Remarks: This tachinid is usually reared from Nymphalidae, rarely from other
Macrolepidoptera (Tschorsnig and Herting, 1994). A. urticae and V. atalanta are
typical hosts for this tachinid.

Masicera sphingivora (Robineau-Desvoidy, 1830)

Material examined: 07.08.2013, 24 J; 11.08.2013, 19; 18.08.2013, 29 ¢; 23.08.2013, 19; 29.07.2014
13, 399; 31.07.2014 333, 299; 02.08.2014, 13, 79 2.

Host: Hyles euphorbiae conspicua (Rothschild and Jordan, 1903) (Sphingidae),
collected in Kayseri: Pinarbasi-Emegil, N 38°40°34”, E 036°20°01”, 1608m, on
Euphorbiae sp., 09.07.2013, 26.06.2014.

Distribution in Turkey: Ankara (Tuatay et al., 1972), Trakya (Gurses, 1975), Erzurum
(Doganlar, 1975, 1982; Ozbek and Goruh, 2012), Tokat (Kara, 1998), Ankara, Nigde
(Kara and Ozdemir, 2000), Sivas (Atay and Kara, 2014).
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Distribution in the World: Caucasus, Central Asia, East and West Siberia, Far East
(Herting and Dely-Draskovits, 1993), East, South and West Europe (Tschorsnig et
al., 2004).

Hosts in Turkey: Hyles euphorbiae (L.) (Sphingidae), Dicallomera fascelina L.,
Leucoma salicis L. (Lymantriidae) (Doganlar, 1982; Kara, 1998; Kara and Ozdemir,
2000), Malacosoma sp. (Lasiocampidae) (Tuatay et al., 1972; Kara and Ozdemir,
2000), Euproctis chrysorrhoea L. (Lymantriidae) (Gurses, 1975; Kara, 1998; Kara
and Ozdemir, 2000), Cucullia sp. (Noctuidae), Hyles centralasiae (Staudinger),
Malacosoma franconica (Den. et. Schiff.) (Kara and Tschorsnig, 2003), Malacosoma
neustria (L.) (Kara, 1998; Ozbek and Coruh, 2012).

Remarks: This tachinid is usually reared from Sphingidae, however also Noctuidae,
Lymantriidae, Lasiocampidae and Nymphalidae are among its hosts (Tschorsnig and
Herting, 1994). H.euphorbiae is a typical host for this tachinid.

Subfamily: Dexiinae
Tribe: Voriini
Voria ruralis (Fallén, 1810)
Material examined: 03.06.2013, 19; 22.06.2015, 12.
Host: Vanessa atalanta (Linnaeus,1758) (Nymphalidae), collected in Kayseri:

Develi, N 38°22'40”, E 035°29°07”, 1224m, on Urtica sp., 21.05.2013, 09.06.2015.

Distribution in Turkey : izmir (Kavut et al., 1974), Erzurum (Avci and Ozbek, 1990),
Tokat (Kara, 1999), Nigde (Kara and Ozdemir, 2000), Amasya (Kara, 2001), Karabiik
(Korkmaz, 2007), Hatay (Kaya and Kornosor, 2008).

Distribution in the World: Central, East and West Asia (Herting and Dely-Draskovits,
1993), Avrupa, (Tschorsnig et al., 2004),

Hosts in Turkey: Autographa gamma (Lep. Nog_:tuidae) (Kara and Ozdemir, 2000).
Helicoverpa armigera (Lep. Noctuidae) (Kara and Ozdemir, 2000)., Spodoptera exigua
(Lep. Noctuidae) (Steiner, 1937). V. atalanta is new host record for V. ruralisin Turkey.

Remarks: Voria ruralis is a common noctuid parasitoid (Tschorsnig and Herting,
1994). V. atalanta is an atypical host for this species. There are two published records
of V. ruralis from this host (Belshaw, 1993; Tschorsnig, 1994). V. ruralis is usually not
recorded as a parasitoid of Nymphalidae.
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ABSTRACT

Deronectes toledoi Fery, Erman and Hosseinie, 2001 (Dytiscidae) is an endemic aquatic beetle only
known from Turkey (Erzurum, Toprakkale). Relatively little has been learned about this beetle since it was
discovered. We conducted a study to determine some bio-ecological characteristics of D. toledoi and
determine the impact of physico-chemical parameters on aquatic Coleoptera species diversity. Mature
specimens of aquatic Coleoptera were collected once a month from vegetated part of the brook running
parallel to the Erzurum-ispir road around Erzurum, Aziziye district, Toprakkale Village during March
November 2009 period and were assessed in relation to environmental variables. Redundancy Analysis
(RDA) showed that water temperature, dissolved oxygen and calcium explained 82 % of the taxa variance
of the creek. Not only these parameters but also air temperature and precipitation were also found out
to be important factors for the ecology of D. toledoi. Higher evenness in the creek showed that D. toledoi
was not a dominant species but its tolerance to environmental parameters was higher than other species
in the creek. This study was conducted to take a step to understand the habitat preferences of D. toledoi
but further multidisciplinary studies of the biological diversity in streams, which are important for natural
conservation, are necessary to understand the ecology of rare and endemic species.

Key words: Coleoptera, Dytiscidae, Deronectes toledoi, biodiversity, water quality, Turkey.

INTRODUCTION

The Deronectes group of genera comprise small diving beetles (Dytiscidae)
which belong to the subfamily Hydroporinae, tribe Hydroporini. They often have a
characteristic, quite flattened appearance and typically inhabit stony or gravelly rivers
or lakes (Angus and Tatton, 2011) or submerged tree roots in small streams with
sparse vegetation (Fery and Brancucci, 1997).

Deronectes has a predominantly Mediterranean distribution, ranging from North
Africa and the Iberian Peninsula over most parts of central and northern Europe and
the Middle East, with some species reaching central Asia (Fery and Brancucci, 1997;
Fery and Hosseinie, 1998; Hajek et al., 2011; Garcia-Vazquez et al., 2016).
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Deronectes species are generalist predators, feeding on a range of small aquatic
invertebrates, and having similar general ecologies across their geographical ranges,
although differing markedly in latitudinal range size (Calosi et al., 2010).

Although distribution and habitat choice of most Deronectes species have been
described (Fery and Brancucci, 1997; Fery and Hosseinie, 1998), knowledge remains
limited (Calosi et al., 2010; Hajek et al., 2011).

Several new Dytiscidae from Deronectes were discovered in last years as a result of the
extensive studies on running water habitats in Turkey (Fery et al., 2001; Hajek et al., 2011).
All these Deronectes species are most probably highly endemic mountainous species and
were collected from almost exclusively small springs, streams, and rivers (Hajek et al., 2011).

58 species of Deronectes were known to occur in the Palearctic region. Seventeen
of these have been recorded from Turkey so far. Twelve of them are endemic to
Turkey (Fery and Brancucci, 1997; Fery and Hosseinie, 1998; Fery et al., 2001; Hajek
et al., 2011; Nilsson and Hajek, 2018). Deronectes toledoi is one of these endemic
aquatic beetles only known from Turkey (Erzurum, Toprakkale) (Fery et al., 2001).
But relatively little has been learned about this beetle since that time. The main
objectives of the present study are to determine some bio-ecological characteristics
of D. toledoi and determine the impact of physico-chemical parameters on aquatic
insects species diversity.

MATERIAL AND METHODS

Study area and sampling methods

The study area is located in 75 km north-west of Erzurum Province of Turkey
(Fig.1). Annual average temperature of the area was 9.5 °C (from - 0.6 to 17.3 °C)
during the study period (Table 1). Monthly average precipitation for the area was 42
mm (from 29 to 83 mm) during the study period (Table 1).

Mature specimens of aquatic Coleoptera were collected once a month from the
vegetated part of the brook running parallel to the Erzurum-ispir road around Erzurum,
Aziziye district, Toprakkale Village (40°14°235” N 40°59'195” E, 2152 m) during March
November 2009 period This brook had a 2 - 3 m broad, a depth of 0.5 - 1.0 m and slow

water current.
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Fig. 1. Location of the study site.
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Table 1. Monthly fluctuations of physico-chemical parameters in the breeding habitat.

Spring Summer Autumn
Parameter March | April | May June July August | September | October | November
Water temperature (°C) 5 29 20.2 13.3 18 16.3 4.6 5.8 4.1
Dissolved oxygen (mg O, /l) 8.67 9.7 | 9.92 9.02 8.5 10.15 1.5 1.7 9.7
pH 8 8.1 8.43 8.2 8.1 8.18 8.2 8.05 8.05
Conductivity (uS/cm) 428 358 | 345 459 418 398 387 400 420
Sodium (mg Na*/l) 8.99 4.04 | 415 4.34 5.46 5.01 11.04 7.30 6.35
Potassium (mg K*/I) 15.29 14.7 | 19.55 8.19 10.34 9.70 27.79 19.18 15.52
Magnesium (mg Mg*/l) 4.42 3.14 | 3.01 4.19 419 3.86 8.49 8.62 8.53
Calcium (mg Ca*/l) 79.18 | 58.88 | 59.71 86.57 70.95 72.65 170.52 183.33 164.88
Ammonium (mg NH4*/1) 0.6 0.91 | 0.99 <0.01 0.65 0.39 <0.001 0.09 0.09
Nitrite (mg NO,-/l) 0.13 0.09 - <0.002 0.38 0.56 <0.002 <0.002 0.14
Nitrate (mg NO,-/I) 5.45 219 | 1.08 0.39 1.62 3.99 741 7.41 6.75
Sulphate (mg SO,/) 14.59 8.71 | 4.26 12.7 7.01 5.24 8.53 8.53 8.61
Phosphate (mg PO,/ 1) - - - - <0.0173 <0.0173 <0.0173
Flour (mg F/1) 0.11 0.08 | 0.07 | 0.2017 0.074 0.1 0.05 0.05 0.16
Chlorine (mg CI/1) 4.99 228 | 143 4.63 4.06 4.40 3.93 3.93 4.7
Air Temperature (°C) 1 4.4 10 14.7 17.3 17 124 8.7 1.8
Monthly Average Precipitation (mm) 59.5 447 | 55.8 83 36.6 29 49.2 60.4 42

The insects were collected in the habitat by means of a sieve, ladle and net having
a mesh diameter of 0.5 mm. The samples were killed in 70% alcohol solution and
then the clayey and muddy substance on their surfaces was brushed off with a small
paint brush in the laboratory.

Samples were examined using a Nikontype SMZ-U stereo microscope. Photo of
D. toledoi (Fig. 2) was taken with Canon EOS 70D DSLR digital camera attached to
a microscope Leica Z16APO with a ring LED light using EOS Utility software.

Fig. 2. Dorsal view of Deronectes toledoi.
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Water sampling and analysis

Dissolved oxygen (mg O, L"), conductivity (+1 uS cm™), water temperature (°C),
and pH were measured in situ using portable meters (YSI Model 52, Ohio, USA; YSI
Model 30 salinometer; Orion Model 420A pH meter, respectively).

To determine the general chemical characteristics of the brook, such as Anions
(NO,-N, NO,-N, SO, PO,, F, Cl) and cations (Na, K, Mg, Ca, NH,-N), water samples
were collected monthly from the sub surface in acid-washed polyethylene bottles. In
laboratory, anions and cations of the water were analyzed by using Dionex ICS 3000
and Dionex ICS 1000 model devices (lon Chromatography System), respectively.

Diversity analyses

For the whole community, we calculated the Shannon-Wiener’s diversity index (H),
evenness (E) and species richness (D) according to giving formulas below.

Shannon-Wiener’s diversity index (H):
= -SUM[(pi) * In(pi)]
SUM = Summation
pi= Number of individuals of species i/total number of samples
S = Number of species or species richness
E= Eveness=H/Hmax
Hmax = Maximum diversity possible
Species richness (D):

D=s/IN
where s equals the number of different species represented in our sample, and N
equals the total number of individual organisms in our sample.

Statistical methods

Data were log10 (x+1) transformed, if necessary, to help meet the assumptions of
normality. Statistical analyses were performed with R (R, 2008). One way ANOVA was
conducted to test the seasonal differences between measured water quality parameters.

Redundancy analysis (RDA) and Monte Carlo tests (499 permutations) were
performed to identify the relationships between environmental variables, months and
the aquatic Coleoptera community. Abundance value of the species and measured
values of the environmental variables were used in the ordination analysis. Before
running RDA, the data were tested with detrended correspondence analyses (DCA)
to evaluate the suitability of the data for RDA (ter Braak, 1989). In order to determine
the environmental variables explaining the maximum variation in the species data,
highly collinear environmental variables were identified by their high variance inflation
factors (VIF). Variables with VIF >20 were excluded from the environmental dataset.
Monte Carlo permutation tests were applied in order to test for the significance of each
environmental variable used in the ordination analyses. A series of RDA ordinations
with forward selection were run to determine the subset of significant environmental
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parameters. Environmental variables that not explain a significant proportion of species
variance after Monte Carlo permutations (p < 0.05; 999 random permutations) were
excluded from the ordination analyses. The three most influential variables for species
assemblages were displayed in RDA biplot.

RESULTS

Physicochemical conditions of the stream

Monthly fluctuations of physico-chemical parameters in the breeding habitat were
given in Table 1. Water temperature ranged from a minimum of 2.9 °C in April to a
maximum of 20.2 °C in May. Water temperatures were significantly higher in summer
than the spring and autumn (p: 0.02 and p: 0.01, respectively). Dissolved oxygen
concentrations ranged between 8.5 and 11.7 mg/l during the study period. Values
of pH stayed approximately constant during the whole period and varied between 8
and 8.43. Conductivity of the habitat ranged between 345 and 459 uS/cm and there
were no significant seasonal differences for the conductivity values.

Magnesium concentrations ranged between 3.01 and 8.62 mg/L and its
concentrations were significantly higher in autumn than the other seasons (p: 0.01
and p: 0.03, respectively). Calcium concentrations ranged between 58.88 and 188.33
mg/L and its concentrations were significantly higher in autumn than the other seasons
(p: 0.01 and p: 0.03, respectively).

Ammonium and nitrite concentrations did not differ between seasons (Table 1). Nitrate
concentrations were significantly higher in autumn than the spring and summer (p: 0.02
and p: 0.01, respectively) and ranged between 0.39 and 7.41 mg/L during the study period.

Phosphate values were too low to be measured, except in autumn. Values of
chlorine and flour were low and their concentrations were not significantly different
between seasons. Concentrations of potassium, sodium and sulphate were not
significantly different between seasons.

Habitat waters were determined as class | waters with regard to the parameters, except
nitrogen parameters (ammonium, nitrite and nitrate) which were higher in rainy months.

Community structure, diversity and dynamics

Monthly abundance and composition of the aquatic Coleoptera community of the
brook were given in Table 2. We could not find any specimen in March, April and
November samplings. The aquatic Coleoptera community in the creek included three
families. The most abundant family was Dytiscidae, followed by Hydrophilidae, while
family of Haliplidae was only observed in July (Table 2). The number of coexisting
species during the study period ranged from a maximum of six species in July and
August, to a minimum of two species, in September (Table 2). In total, 19 Deronectes
toledoi specimens were collected between March and November 2009 period
(Table 2). The most of the individuals were identified in July (n=6) while no individuals
were identified in March, April and November.
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Table 2. Monthly abundance and composition of the aquatic Coleoptera community of the brook.

Family Species May | June | July | August | September | October
Laccobius sp. 3 2 4
Helophorus sp. 2
HYDROPHILIDAE
Enochrus sp. 1
Hydrobius sp. 2
Agabus paludosus 1
Laccophilus minutus 1
llybius fuliginosus 2 2 1
DYTISCIDAE
Bidessus unistriatus 3
Deronectes toledoi 3 5 6 3 1 1
Hydroporus thracicus 2
HALIPLIDAE Haliplus sp. 2

In terms of diversity dynamics, the Shannon-Wiener index (H) started to increase
gradually to a maximum in August and afterwards it decreased sharply (Table 3). The
evenness presented slight fluctuations but nearly same during the study period (Table
3). Species richness (D) was low during the study period except July and August
(maximum Species richness, Table 3). There was a negative correlation between
the precipitation and Species richness (r = - 0.843, p: 0.017) and positive correlation
between air temperature and Species richness (r = 0.64, p: 0.05).

Table 3. Shannon-Wiener diversity index (H), evenness (E) and Species richness (D) of the aquatic
Coleoptera community in the brook throughout the study period. NA: Not applicable/cannot be

calculated.
Shannon-Wiener (H) | Evenness (E) Species Richness (D)
May 1.31 0.94 4
June 0 NA 1
July 1.64 0.92 6
August 1.72 0.96 6
September 0.68 0.98 2
October 0 NA 1

Relationship between environmental parameters and macroinvertebrate
community

DO,, Ca and water surface temperature were displayed in RDA biplot since they
were the three most influential variables for species assemblages. First two axis (axis
1: 43 %, axis 2: 39 %) of RDA gave an 82% correlated relation between species and
environment (Fig. 3). After the forward selection used with the Monte Carlo Permutation
test applied, only three of physicochemical parameters were found to be significant
(p<0.05) on the ordination of RDA. These are dissolved oxygen, calcium and water
surface temperature. Among them, surface water temperature and calcium parameters
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are highly correlated with axis one. While surface water temperature gave a strong
negative correlation, Calcium gave a strong positive correlation. Only the dissolved
oxygen gave a positive correlation with the second axis. It is seen that the distribution
of taxa is generally on the second axis. Among the taxa, it is seen that D. toledoi
appears to be related with surface water temperature rather than axis two.
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Fig. 3. Redundancy analysis plot of insect communities in months affected by changes in dissolved
oxygen (DO,), water surface temperature and Calcium (Ca).

DISCUSSION

Correlational and multivariate ordination statistical techniques are usually used
to identify key environmental conditions within which the species is present based
on environmental data from available occurrence records (Ter Braak, 1987). We
applied RDA to understand the causes of the distribution of Deronectes toledoi since
predicted distributions reflect those areas in which a species is predicted to occur,
based on environmental conditions in known localities (Soberon and Nakamura,
2009). Our results showed that the realized distribution of a species was controlled
largely by environmental factors (82 %). According to the RDA ordination, it might be
concluded that D. toledoi requires some different environmental conditions that the
taxa they were together with such as Hydrophilidae and Haliplidae. Water surface
temperature seemed to be the most important environmental factor influencing the
occurrence of species. The thermal limits of Deronectes toledoi would be the advantage
to compete with other diving beetles in the area. We could not collected Deronectes
toledoi members from the creek during winter months. This might be explained as
follows; individuals of this species may also overwinter on land, as observed in other
dytiscids (Galewski, 1971). Although Deronectes toledoi is an aquatic animal, and
maximum and minimum water temperatures in the creek were less extreme than air
temperature, they might have strategies to avoid exposure to potentially harmful low
temperatures, as it seems to be the case in other insects (Block, 1990). It is known that
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Deronectes species spend part of their life cycle (pupal stage and the early adult stages)
on land as other dytiscids (Galewski, 1971; Sanchez-Fernandez, 2012). In Deronectes,
these stages take place mainly in spring and early summer, when air temperatures are
relatively high (Sanchez-Fernandez et al. 2012). These might be the reasons why we
observed more adult individuals of in summer months.

Since there were no polluting sources around the habitat and it was away from
residential areas, water ionic concentrations of the creek were low. The reason why some
parameter, were high in March in the habitat could be related to the material, carried into the
habitat melting by snow. Basic reason of an increase of most physico-chemical parameters
in autumn can be related to increasing surface runoff with heavy precipitation. The low
species richness in the habitat might be related to these low ionic concentrations since
some studies establish that stream water of very low ionic concentration has a restricted
flora and fauna, in both abundance and species richness (Allan and Castillo, 2007).

Increasing concentrations of magnesium and calcium in autumn could be related
with increasing weathering of rocks due to the increasing current speed of river in
heavy precipitation. In terms of diversity dynamics, maximum Shannon-Wiener index
(H) maximum Species richness (D) were observed in August with higher air and water
temperatures and lowest precipitation. Precipitation may be causing the low species
diversity and preventing diving beetles from inhibiting stony or gravelly part of the creek.
Increasing current might be preventing the maturation of the diving beetles in the habitat
and thus we could not come across any beetles in autumn. Deronectes toledoi might be
more tolerant to precipitation since it was the only species occuring in autumn months.
However, higher temperature in summer provided higher species diversity and showed
that temperature is important factor in determining assemblage structure of diving beetles.

Deronectes toledoi was not a dominant species since the evenness presented slight
fluctuations but it was nearly the same during the study period. However it is a more tolerant
species than other diving beetles of the creek since it was the only occurring species in
autumn. Although calcium is the fifth most abundant natural element in the world and it
is required by all plants and animals, often in large quantities (Cairns and Yan, 2009), our
results showed that calcium demand of Deronectes toledoi was not high and calcium was
not a limiting factor for both Deronectes toledoi and other aquatic Coleoptera in the creek.

Deronectes toledoi and other aquatic Coleoptera of the creek were negatively
correlated with dissolved oxygen. It might be indicating that their oxygen demand
was low and higher oxygen concentrations were observed in autumn with low water
temperature, higher precipitation and higher current.

CONCLUSIONS

Due to the limited area for studying an endemic species and of course, rarity of
the taxon the interpretation of statistical analyses was very difficult. However, our
results might be very important in terms of being the first and providing data for
future studies. Since species could be only sampled from one habitat in our study,
we cannot explain accurately the effect of water parameters on the population density
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of the sampled species. With this study, both some data about bio-ecology of some
aquatic Coleoptera and the species diversity of the streams in highland area were
obtained. Further multidisciplinary studies of the biological diversity in streams, which
are important for natural conservation, are necessary to understand the ecology of
rare and endemic species.
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ABSTRACT

A trend of morphometric characteristic bioindication use and flight ability of the Carabidae is their
valuation in relation to land use intensity. There are biotopes that are less disturbed, characterized by the
presence of individuals that have a higher body average volume value, the so-called ellipsoid biovolume
(EV), more than the presence of apterous and brachpterous species. We undertook a bioindication
valuation in 7 types of biotopes in the Juhoslovenska kotlina basin and the Veporské vrchy Mts. In 2015-
2016, we recorded 3605 individuals (1682 4, 1923 9 ?) belonging to 54 species. Biotope heterogeneity
and natural conditions are very important for locality selection. We tested 3 hypotheses: 1) the average
body size value (EV) of ground beetles decreases with the increasing intensity of biotopes disturbance.
2) a higher number of apterous and brachpterous species appears in stable biotopes and continuous
forest cover in the country, 3) the macropterous species predominates in unstable biotopes and isolated
forest cover. We confirmed different EV and disturbed intensity by the level of significance pa=0,05. The
apterous and brachpterous species dominated in undisturbed and stable biotopes. The macropterous
species dominated in disturbed biotopes.

Key words: Bioindication, ellipsoid biovolume, flight ability, Carabidae, Slovakia.

INTRODUCTION

Approximately 80% of the human population of industrialized countries live in
the towns. It is important to know what the impact of human activities is on cultural
aspects, and to identify factors that influence the species biodiversity for biodiversity
conservation in town surroundings (Pickett et al., 2001). It is also important to find out
and test the indentificators of the biodiversity status, as well as its causes and changes.
There is one key identificator for carabid beetles which determines environmental
pollution level-the change in body size and vagility (distributing the species in a
certain area) (McGeoch, 1998; Gaublomme et al., 2008; Eyre et al., 2013). (Braun et
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al., 2004) used the concept of ellipsoid biovolume (EV) for specifying the body size
(volume) of ground beetles that is measured by morphometric signs of individuals
(length, height, width). The family Carabidae is suitable for EV calculation because of
their relative body size, which is ellipsoidal. There are important detailed processed
ecological characteristics of species that help to determine the environmental quality.
The Carabidae react sensitively to influences which are caused by anthropogenic
activities (Stork, 1990; Lagisz, 2008; Maleque et al., 2009; Avgin and Luff, 2010;
Rusch et al., 2013). Szyszko, 1983 formulated and confirmed the hypothesis “the
decrease of environmental disturbance allows for a bigger average body size” while
he was studying ground beetles during the restoration of a pine forest. Sustek,1987
pointed to the decreasing body size of the Carabidae in areas that are under intensive
anthropogenic disturbance. According to (Niemela et al., 2002) the urbanisation affects
the biodiversity decrease of the Carabidae species (also diversity) and in most cases,
increases the number of little species towards the city centre. (Weller and Ganzhorn,
2006) found that the body size decrease is caused by urbanisation towards the city
centre for the species Carabus nemoralis. (Sukhodolskaya, 2013) also pointed to the
same fact for the species Carabus cancellatus a Carabus granulatus. (Magura et al.,
2006) analyzed the body size changes of the Carabidae in the countryside, urban
and suburban areas. They recorded the presence of many individuals of various
species which are larger in size in the countryside than in urban and suburban areas.
(Lévei and Magura, 2006) found that the body size of carnivorous Carabidae species
decreases in the surroundings of industrial zones. The change in body size wasn’t
recorded in a less polluted environment. (Braun et al., 2004) pointed out the increase
of the average body size due to the reduction in pollution in the countryside which is
caused by the decommissioning of industrial areas.

The body size of the Carabidae is associated with flight ability- vagility. (Majzlan and
Frantzova,1995) mentioned that a larger than average body size correlates with the
appearance of apterous and brachpterous Carabidae species. A lower than average
body size indicates the appearance of macropterous species in a biotope. (Porhajasova
and Sustek, 2011) confirmed that the species that live in stable ecosystems have lost
their flight ability. Flight ability endures within species that come from ecosystems that
are exposed to cyclical changes. The predominance of apterous and brachpterous
species indicates bigger environmental stability, macropterous species indicate a
less stable environmental ecosystem. (Shibuya et al., 2014) discovered that apterous
species dominated in forest ecosystems and macropterous beetle species dominated
in grass ecosystems. This result shows that winged form is related to ecosystem
stability, mostly structure and vegetation type. (Rouabah et al., 2015) analyzed the
influence of vegetation structure on the species diversity, population density and
spatial distribution of ground beetles in correlation to their body size. They confirmed
that big-bodied species indicate high population density in forest covers, while small
species prefer species-rich meadow vegetation.

(Jelaska and Durbes, 2013) compared the flight ability and the body size of the
Carabidae in an isolated and continuous forest. Isolated and smaller forests were
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occupied by smaller macropterous species, bigger apterous and brachpterous species
dominated in continuous forest.

The aim of paper is to evaluate the flight ability changes and body size changes
(EV) of ground beetles in 9 localities that represent 7 types of biotopes with different
intensity of anthropogenous activities. We focused on evaluating working hypotheses
which we set 1) the average body size value of the Carabidae (EV) decreases
increases from anthropic low disturbed biotopes to more disturbed ones, 2) there
is a higher number of apterous and brachpterous species in stable biotopes and
continuous forest covers, 3) macropterous species predominate in unstable biotopes
and isolated forest covers compared to continuous forest covers.

MATERIAL AND METHODS

Ground beetle research took place from 2015 to 2016 in 9 localities and 7 types of
biotopes (according to Ruzic¢kova et al., 1996). We collected 3605 individuals (1682
43 and 1923 2 Q) belonging to 54 species (see Appendix). We used pitfall traps (750
ml) (Novak, 1969). Five pitfall traps were arranged in 1 line per each locality and were
10 m away from each other. There were 45 pitfall traps in 9 localities altogether. As a
fixation fluid, we used 4% saline. We identified the collected material; the nomenclature
and flight ability was edited according to (Hurka,1996).

Study area

The study areas are in the southern part of Slovakia (central) in the surroundings
of LuCenec town, Poltar town and the village of Utekac. Location data and biotope
characteristics of the localities are presented in Table 1.
Table 1. Location data of the study localities and their biotope characteristics.

Locality C.a. m.a.s.| Biotope/Management S::r?izzz':ei‘s:
1 | Lichovo 518 Culture of Piceaabies/logging 48°36'27"N 19°48'23"E
2 | Lichovo Utekac 556 meadow/random mowing 48°36'30"N 19°48'35"E
3 | Farkaska 446 nitrophilous waterside vegetation /overgrowth 48°36'34"N 19°47'52"E
4 | Kipna hora 300 Carpathian oak-hornbeam forest /logging 48°26'09"N 19°49'27"E
5 | Prievranka Poltar 272 pasture/grazing 48°25'52"N 19°49'08"E
6 | Pazit 218 nitrophilous waterside vegetation /streamside vegetationtreatment | 48°25'41"N 19°46'35"E
7 | Priladove 258 Carpathian turkey oak forest /logging 48°19'08"N 19°37'48"E
8 | Zajaciebrehy | Lucenec 208 fallow field /overgrowth 48°19'"17"N 19°39'05"E
9 | Ladovo 207 nitrophilous waterside vegetation /streamside vegetation treatment | 48°20'12"N 19°37'06"E

Explanatory notes: C.a.-cadastral area; m.a.s.l.-metres above sea level.

Determination of the Carabidae ellipsoid biovolume (EV)

According to Braun et al., 2004, we measured morphometric signs for each
individual by using a digital microscope (0,1'mm accuracy): (i) the length-dorsal
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length between the anterior edge of the labrum and the terminal part of elytra, (ii) the
width-dorsal length between the maximum width of elytra, and (iii) the thickness- the
maximum dorsoventral thickness of the left side of the ground beetle body. Each
parameter was measured 3x, the final value is the arithmetic average (this method was
chosen to minimize measuring errors). Then, the EV from our measured morphometric
signs was calculated as EV=(11/6)xLxHxW, where: L=individual length, H=individual
height, W=individual width.

Data analyses

The Statistica Cz. Ver. 7.0 (StatSoft, Inc., 2004) statistical program and the Canoco
ver. 4.5 (Ter Braak and Smilauer, 2002) for the statistical analysis of morphometric
signs, EV and flight ability were used. Data were analyzed both by the methods of
descriptive and inductive statistics: distribution normality (the Shapiro-Wilk's W test),
homogeneity of variance (the Levene’s test), average compliance (the Kruskal-Wallis
test), differences in average value of pairs using the Post hoc test (LSD) and correlation
of biotope types to the Carabidae flight ability (the Monte Carlo permutation test).
The data obtained was processed using the methods mentioned above. This data
belongs to the types of data on the ratio scale, namely the discrete data (number of
individuals and species) and the ratio data (EV within individuals). According to the
level of significance p,= 0,05 (if p > pa we cannot reject H according to the level of
significance p_=0,05) we tested H  hypotheses (i) a random selection comes from a
set of normal distribution (ii) there is no difference in the average value of EV for both
sexes, (iii) the types of biotopes do not influence on flight ability of the Carabidae.

RESULTS

During both years of the study the average values in morphometric signs for both
sexes were decreased in forest localities (1, 4, 7), nitrophilous waterside vegetation
localities (3, 6, 9) and biotope fallow field locality (8). On the contrary the average values
in morphometric signs for both sexes were increased in meadow (2) and pasture (5)
biotopes. The average values were close to the median values, meaningthat there
was not a big difference in measured data. Variance and standard deviation didn’t
change significantly.

The summary EV of all trapped specimens was 2156267 mm?. The highest EV was
confirmed in localities 1=619909 mm?3, 4=491240 mm? and 7=355582 mm?. The lowest
EV was in localities 5=52430 mm?3, 6=64690 mm3, and 9=91467 mm?. We confirmed
EV 124829 mm? in locality 2, then EV 144348 mm? in locality 3, EV 211768 mm? in
locality 8. The EV average value was decreased in both sexes in forest localities (1, 4,
7) and in nitrophilous waterside vegetation localities (6, 9), butincreased in both sexes
in the biotope of meadow (2), pasture (5) fallow field (8), and nitrophilous waterside
vegetation (3). The average values were close to the median values, meaning that
there is no big difference between measured data. Variance and standard deviation
didn’t change significantly.
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According to Shapiro-Wilk’s W-test the disruption of distribution normality data EV
in each locality for both Carabidae sexes (p-value=0,00) was established. According
to the Levene’s test the EV homogeneity of variance for both sexes in each locality
according to the level of significance (pa=0,05, homogeneity is if value p<0,05) was
evaluated. During both years of the study the final EV for males was p-value=0,00 and
the homogeneity of variance was confirmed. Females had p-value=0,19 for year 2015,
and p-value=0,26 for year 2016, and the heterogeneity of variance was confirmed
(caused by eggs inside the females). A non-parametric Kruskal-Wallis test (ANOVA)
for testing H, hypothesis was used because of distribution normality data disruption.
The EV value result of the average compliance is H, rejection (p-value=0,00) for both
sexes in each locality. This means that the EV average values are statistically different
(Fig. 1). The EV average decrease in the forests (1, 4, 7) and river bank vegetation
localities (6, 9) was confirmed. The EV average increase in the biotopes in open areas
(2, 5, 8) and river bank vegetation (3) was confirmed.

In rejecting the H hypothesis of the Kruskal-Wallis test (ANOVA), we decided to
choose the Post hoc (LSD) test (ANOVA). Using this tool, we identified which EV
average values of pairs are different for both sexes in each locality by the level of
statistical significance pa=0,05. Significant differences of the EV average value for
both sexes during the years 2015 and 2016 showed a statistical decrease (Table 2).
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Fig. 1. Variance analysis (Kruskal-Wallis test (ANOVA)) of Carabidae EV average values in each locality
by reliability 95 %. Explanatory notes: M-males, F-females.
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Alarger percentage in the presence of apterous and brachpterous species in forest
biotopes (1, 4, 7) was found dividing the species and their flight ability. Macropterous
species had the highest percentage of representation in the open areas biotopes
(2, 5, 8) (Table 3). There was the predominace of apterous species in nitrophilous
waterside vegetation (3), which is caused by a connection to forest vegetation and its
enrichments of apterous ones. On the other hand, nitrophilous waterside vegetation
(loc. 6 and 9) consisted mostly of macropterous species. These were adjacent to
fields and pastures that influenced the flight of smaller macropterous species. The
predominance of apterous species indicated its higher stability in the biotope (1, 3,
4, 7), macropterous species confirmed slower environmental stability (2, 5, 8, 6, 9),
in this case it was caused by the effects of intensive agriculture.

Table 2. Differences of ellipsoid biovolume average values for males and females in localities.

Year Sex Statistically Significant Differences Between LocalitieS

loc.1 with loc.2, 3, 4, 5, 6, 7 and 9 (p-value = 0,00); loc. 2 with loc. 4, 5, 7 and 8 (p-value = 0,00); loc.3 with loc.4, 5, 7
and 8 (p-value = 0,00); loc.4 with loc.5, 6, 9 (p-value = 0,00) and 8 (p-value = 0,02); loc.5 with loc.6, 7, 8 and 9 (p-value
= 0,00); loc.6 with 7 and 8 (p-value = 0,00); loc.7 with loc.8 (p-value = 0,02) and 9 (p-value = 0,00); loc.8 with loc.9
(p-value = 0,00)

loc.1 with loc.5 (p-value = 0,00); loc.2 with loc.5 (p-value = 0,02); loc.3 with loc.8 (p-value = 0,04); loc.4 with loc.8
2016 3 (p-value = 0,00); loc.5 with loc. 8 (p-value = 0,00); loc.6 with loc.8 (p-value = 0,01); loc.7 with loc. 8 (p-value = 0,03);
loc.8 with loc.9 (p-value = 0,00)

loc.1 with loc. 3, 5, 7 and 8 (p-value = 0,00); loc.2 with loc.4 (p-value = 0,01) and 8 (p-value = 0,00); loc.3 with loc.4 and
2015 ? 8 (p-value = 0,00); loc.4 with loc.5, 7, 8, 9 (p-value = 0,00) and 6 (p-value = 0,02); loc.5 with loc. 8 (p-value = 0,00); loc.6
with loc.8 (p-value = 0,00); loc.7 with loc.8 (p-value = 0,01); loc.8 with loc.9 (p-value = 0,00)

loc.1 with loc.3 (p-value = 0,01) 4 (p-value = 0,00) and 7 (p-value = 0,04); loc.2 with loc.3 (p-value = 0,01); loc.3 with
loc.4, 5,7, 9 (p-value = 0,00) and 6 (p-value = 0,01); loc.4 with loc.8 (p-value = 0,00); loc.5 with loc.8 (p-value = 0,01);
loc.6 with loc.8 (p-value = 0,04); loc.7 with loc.8 (p-value = 0,00); loc.8 with loc.9 (p-value = 0,03)

2015 3

2016

40

Table 3. The percentage representation of apterous (A), brachpterous (B) and macropterous (M)
Carabidae species in study localities.

Year 2015 Rok 2016 Standard
Locality
A% | B% | M% | A% | B% | m% | ErrorS

1 64 29 7 56 38 6 1,48
2 33 20 47 26 26 48 0,84
3 47 29 24 42 29 29 0,80
4 45 36 18 36 43 21 0,60
5 25 8 67 17 11 72 1,88
6 17 25 58 8 31 62 1,14
7 50 31 19 31 31 38 0,67
8 42 0 58 24 12 64 1,58
9 15 31 54 36 29 36 0,67

The difference of the Carabidae representation between localities was evaluated
based on the flight ability and EV using the redundancy analysis (RDA) (Fig. 2).
All species dataset with EV values and a matrix of flight ability of species were
used (1A-apterous species per year 2015, 2A-apterous species per year 2016, 1B-
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brachpterous species per year 2015, 2B -brachpterousspecies per year 2016, 1M
-macropterous species per year 2015, 2M-macropterous species per year 2016).
As a first step, the length of the gradient using the 1st ordination axis (lengths of
gradient=SD) of a detrended correspondence analysis (DCA) was analysed. Using
the linear redundancy analysis (RDA) the highest value in the 1st ordination axis was
SD=2,733. The RDA explains 36,7% of data species variability, then there is 43,6%
of data species variability which is explained by the environmental variables in the
1st ordination axis. Using the Monte Carlo permutation test (Canoco) H, hypothesis
(p-value=0,00) for macropterous species (per year 2015) was rejected. Other flight
ability forms of the species accorded with the H, hypothesis. The values were: apterous
species in 2015 (p-value=0,51), in 2016 (p-value=0,50); brachpterous in 2015 (p-value
= 0,56), in 2016 (p-value=0,06); macropterous species in 2016 (p-value=0,43). The
maximum inflation factor value in 2016 for “macropterous species was 14,63 and
they correlated to the variable” brachpterous species in 2015.
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Fig. 2. Flight ability of Carabiade in localities during years 2015 and 2016. Explanatory notes: A-apterous,

B-brachpterous, M-macropterous.

The negative correlation of macropterous species was confirmed in forest localities
4 and 7 for the first year, which indicated the presence of apteorus species. Then the
negative correlation of apterous species (due to intensive logging) was confirmed for
the second year, causing a decrease of these species. The forest locality 1 confirmed
the positive correlation of apterous species in the first year, but the logging caused a
closer correlation to smaller brachpterous species in the second year. Moreover, the
EV decrease which was caused by logging in forest localities was confirmed. Locality
1 presented continuous forest vegetation, locality 4 and 7 were isolated localities
surrounded by fields and pasture. This fact also influenced the representation of the
species on the basis of flight ability. If we compare it to locality 1: a higher percentage
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representation of macropterous species and a lower representation of apterous ones in
locality 4 and 7, was influenced by flying macropterous species from surrounding fields
and pasture (caused by discontinuous forest vegetation cover). Nitrophilous waterside
vegetation (6, 9) and pasture (2) are placed further from vectors in an ordination
graph. The biotope of nitrophilous waterside vegetation (3) is close to axis 2 between
the positive correlation of apterous species in 2015 and the negative correlation
of apterous species in 2016. This fact shows a slight flight ability fluctuation of the
species in localities 3, 6, 2, moreover the EV fluctuation was slight in these localities.
In 2015, pasture (5) and fallow field (8) correlated to the brachpterous species. The
predominance of macropterous species is not outlined by a vector because of negative
correlation to forest biotopes. There is an increase of brachpterous and macropterous
species in the second year, indicating the correlation of these vectors. We assume that
we confirmed the EV increase in these localities which was caused by the influence
of succession and decrease of disturbed pressure.

DISCUSSION

Anthropogenic (logging, maintenance of coastal vegetation) and natural
(succession) influence on the Carabidae was evaluated. The EV and flight ability
reached a more complete bioindication evaluation of localities. The volume of the
Carabidae (EV) was counted according to (Braun et al., 2004). Species were divided
up by flight ability according to (Hlrka,1996; Majzlan and Frantzova,1995; Porhajasova
and Sustek, 2011). The decrease to the average value, morphometric signs and
EV in 2015, 2016 were confirmed using the descriptive statistics. This decrease
was recorded in localities 1 (Culture of Picea abies), 4 (Carpathian oak-hornbeam
forest), 7 (Carpathian turkey oak forest) and the stream side vegetation treatment
of watercourse in the localities 6 and 9 (nitrophilous waterside vegetation). During
2015 and 2016, the increase of the average value of morphometric signs and EV was
identified in localities 2 (meadow) and 5 (pasture). We took in to consideration the
fact that it indicated the decrease of disturbed pressure and continuous ecological
succession in localities. In 2015 and 2016, there was a decrease in the morphometric
signs average, but an EV increase was found in localities 3 (nitrophilous waterside
vegetation) and 8 (fallow field). The result shows that the decrease of anthropogenic
pressure in localities can be considered, but not at a level such as in localities 2, 5.
There were no big significant differences between the median and average, indicating
the similarity between measured data values. The variance and standard deviation
didn’t change a lot; it was taken into consideration that the variance didn’t change in
the matrix. It was confirmed using the Kruskal-Wallis test (ANOVA) and descriptive
statistics. It confirmed the different EV average values in each locality. Sustek,1987
also found a decrease in Carabidae body size in areas that are under going intensive
anthropogenic disturbance. Lévei and Magura, 2006 referred to the decreasing
trend in the body size of carnivorous species in the surroundings of industrial zones.
(Braun et al., 2004) confirmed that the average body size increased with decreasing
pollution in surrounding industrial areas. (Szyszko, 1983) pointed to the increase
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in the average body size while a pine forest was recovering. The Post hoc (LSD)
test (ANOVA) confirmed the decrease of statistical significant differences of the EV
average values for both sexes in each locality during 2015 and 2016. The EV average
value decrease in the direction of the village of Utekac to Poltar town and Lucenec
town was corroborated; they are open area localities: 2, 5, 8. The decrease was not
detected for forest localities (1, 4, 7) and localities of streamside vegetation treatment
of water course (3, 6, 9). (Magura et al., 2006) confirmed the decrease difference
of the Carabidae body size from villages to urban and suburban areas. (Weller and
Ganzhorn, 2006) discovered the same trend for the species Carabus nemoralis and
Sukhodolskaya (2013) for the species Carabus cancellatus and Carabus granulatus.
The same results were recorded by (Niemela et al., 2002) who confirmed this based on
their study. The predominance of apterous species from a percentage representation
on the basis of flight ability in forest biotopes was confirmed (1, 4, 7), which indicates a
more ecological stable ecosystem. The macropterous species predominated in open
area biotopes (2, 5, 8) which indicates the lowest environmental stability caused by
the influence of developed agriculture. (Shibuya et al., 2014) provided the same result:
the presence of flight ability species indicates environmental stability, in the analysis
of forest, grasslands and herbaceous ecosystems. (Rouabah et al., 2015) found
that the apterous species predominates in forest covers, and the predominance of
macropterous speciesare are in meadow. (Porhajagova and Sustek, 2011) noted that
apterous and brachpterous species predominate in the floodplain forest; they indicated
greater environmental stability. During both years, the decrease of the apterous species
in forest localities, and the decrease of EV average value was confirmed using the
RDA analysis. Forest localities 4 and 7 had a higher percentage representation of
macropterous and a lower representation of apterous species compared it to locality
1. This fact is caused by the macropterous species flying from the surroundings fields
and pasture around localities 4 and 7. Locality 1 has continuous vegetation cover
which is a reason why there was a higher representation of apterous species. (Jelaska
and Durbes, 2013) affirmed the same fact. Nitrophilous waterside vegetation (3, 6, 9)
and pasture (2) only fluctuated slightly on an EV average value, as did species flight
ability. During the years studied, in the biotopes of pasture (5) and fallow field (8), the
number of brachpterous and macropterous species increased in EV average value.
The HO hypothesis was rejected: types of biotopes do not influence flight ability of the
Carabidae using the Monte Carlo permutation test (Canoco) for macropterous species
from year 2015. The HO hypothesis wasn’t accepted for other flight ability forms of
species. A high inflation factor value (14,63) was confirmed for macropterous species
from year 2016 that correlated to brachpterous species from year 2015 (5, 8). This
indicates a change to the intensity of anthropogenic disturbance influence. Several
authors: Stork, 1990; McGeoch, 1998; Gaublomme et al., 2008; Lagisz, 2008; Maleque
et al., 2009; Avgin and Luff, 2010; Eyre et al., 2013; Rusch et al., 2013, pointed out
that the family Carabidae is a suitable tool for indicating the biotopes distortion level
and their ecological stability. The valuation of ecological stability is considered to
be the basis for the evaluation of the current status, such as future alternatives of
land use. It is a very important aspect of landscape planning documents in Slovakia



128
LANGRAF, V., PETROVICOVA, K., DAVID, S., et. al.

(e.g. development of environmental systems). Bioindication evaluation using EV
and flight ability from the family Carabidae can be used as one of the assessment
approaches to the environmental quality and the intensity of anthropogenic impact
on the landscape. We have statistically confirmed that the EV average value has
decreased and there has been an intensive increase of anthropogenous influence
(logging, treatment stream side vegetation, agriculture) for apterous species. The
EV average value increase and the number of brachpterous species is caused by
the decrease of anthropogenous activities. Isolated forest localities 4 and 7 had a
higher number of macropterous species and a lower number of apterous species, if
we compare them to forest locality 1, which has continuous vegetation cover. By a
combination of 2 valuation methods, which were evaluated separately, we reached a
more complete way of valuating anthropogenic interference intensity to the country.
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