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Simple Summary: Short-horned grasshoppers (Orthoptera; Caelifera) in Anatolia inhabit diverse
habitats, aligning with the topographical and climatological heterogeneity of the region. In addition
to certain swarming species, attention must be given to the pest potential of several pullulating
species within the Anatolian fauna. This study seeks to classify Anatolia’s short-horned grasshoppers
from a biogeographical perspective and integrate these data to comprehend the future pest potential
of non-swarming species, especially in the context of climate change. Our results reveal the following:
(i) Acrididae and Pamphagidae are the most diverse families in Anatolia; (ii) approximately 40%
of Caelifera and 71% of Pamphagidae are endemic, marking Anatolia as a biodiversity hotspot;
(iii) the phytogeographical order of four provinces based on Caelifera diversity is Irano-Anatolia,
Euro-Siberia, Mediterranean, and Mesopotamia; and (iv) based on our ecological modelling and
personal observations, Dociostaurus maroccanus, Locusta migratoria, Calliptamus italicus, Heteracris
pterosticha, Notostaurus anatolicus, Oedipoda miniata, and O. schochii should be monitored due to their
pest potential.

Abstract: Biogeographically, Anatolia harbours a rich diversity of short-horned grasshoppers (Or-
thoptera, Caelifera). The number of species recorded from Anatolia so far stands at 300. They inhabit
diverse habitats ranging from arid Eremial to Euro-Siberian-like montane meadows, aligning with the
topographical and climatological heterogeneity of Anatolia. Alongside some swarming species, the
pest potential of several pullulating species needs attention. This is especially important concerning
global warming, a scenario expected to be more severe in the Northern Mediterranean Basin in
general and Anatolia specifically. A faunal list of biogeographic Anatolia, the area extending from
the Aegean Sea in the west to the intermountain basin of the Caucasus in the northeast, the lowlands
of Lake Urmia in the east, and Mesopotamia in the southeast, was developed. The recorded species
were classified according to the phytogeographical provinces of Anatolia. Distributions of the species
with the potential for pullulating were modelled using ecological-niche-modelling approaches for
the present and future. The results have the potential to lead to the development of a concept that
merges biogeography and the pest potential of certain Anatolian grasshopper species. Our results
reveal the following: (i) Acrididae and Pamphagidae are the most diverse families represented in
Anatolia; (ii) roughly 40% of Caelifera and 71% of Pamphagidae are endemics, suggesting Anatolia
is a biodiversity hotspot; (iii) according to Caelifera diversity, the phytogeographical provinces of
Anatolia follow an order of Irano-Anatolia, Euro-Siberia, Mediterranean, and Mesopotamia; and
(iv) based on ecological modelling and personal observations, Dociostaurus maroccanus, Locusta migra-
toria, Calliptamus italicus, Heteracris pterosticha, Notostaurus anatolicus, Oedipoda miniata, and O. schochii
should be monitored regarding their pest potential.

Keywords: Anatolia; Orthoptera; Caelifera; biogeography; pest management; ecological-niche modelling

1. Introduction

The traces of data related to Anatolian Orthoptera in general and Caelifera specifically
can be found in publications on European Orthoptera from as far back as the late 19th
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century. The earliest publications specifically dealing with Anatolian Orthoptera appeared
at the end of the 19th century [1] and the beginning of the 20th century [2–6]. A new era
began with the First World War, especially following the studies by Boris P. Uvarov [7–9].
Later studies by Uvarov [10] provided a significant contribution to the determination of
Anatolian grasshopper fauna. Simultaneously, Ebner [11,12] and Ramme [13–17] conducted
extensive studies on orthopteroid insects in this region. By the 1950s, the list of Anatolian
grasshoppers was almost complete. Ramme [13] listed 157 species/subspecies of Caelif-
era from Anatolia. The study by Bei-Bienko and Mistshenko [18] is another publication
containing comprehensive data about Anatolian Caelifera. T. Karabağ was the first local
orthopterist who specifically prepared a catalogue for Orthoptera of Turkey [19], in which
he listed 206 species/subspecies of short-horned grasshoppers. Weidner [20] specifically
reviewed Caelifera from Turkey and listed 187 species (206 species/subspecies); soon after,
this number increased to 229 as per the study by Demirsoy [21]. Currently, the number of
taxa (species/subspecies) belonging to Caelifera in Turkey run into 300 species (244 accord-
ing to Çıplak et al. [22] and 288 according to Ünal [23]). Although there are taxonomical
uncertainties for some taxa, the current picture of Anatolian short-horned grasshopper
fauna is more or less clear and allows us to draw general conclusions about their ecology,
biogeography, evolution, and pest potential.

Orthoptera were considered a marker group in defining the biogeography of Anatolia,
the area extending from the Aegean Sea in the west to the intermountain basin of the
Caucasus in the northeast, the lowlands of Lake Urmia in the east, and Mesopotamia in
the southeast [24]. This is not surprising, as one of the earliest and preliminary publications on
Anatolian biogeography focused on the distribution of Orthoptera [7]. Uvarov’s study consti-
tuted the basis for subsequent studies [13,20,21]. Recently, a significant number of publications
on Anatolian biogeography containing Orthoptera content have emerged [25–27]. The coupling
of Orthoptera and Anatolian biogeography has peculiarities for several reasons. First,
compared to other invertebrate groups, the Orthoptera fauna of Anatolia is relatively well
known, a consequence of data accumulation since the 19th century. Second, Orthoptera is a
diverse lineage in Anatolia, including sublineages with different ecological preferences, and
the diversity of ecological preferences of the sublineages correlates with the eco-geographic
fragmentation of Anatolia. Thus, sublineages belonging to Orthoptera have the potential
to serve as model groups for addressing questions related to Anatolian biogeography.
Third, several orthopteran lineages possess imprints of the tempestuously dynamic geo-
graphic history of Anatolia in their phylogeny. Connected to this radiation history, Anatolia
harbours a considerable number of tribal, generic, or species taxa that are endemic or
predominantly Anatolian in distribution [21,25–29]. Thus, studies on the biophylogeog-
raphy of Anatolian Orthoptera provide a multidimensional perspective, extending from
taxonomy to evolution and ecology.

The first classification of Anatolian orthopteroid species/genera according to their
eco-geographic preferences was provided by Uvarov [7]. He applied a system of four eco-
geographic subregions of the Palaearctic region (namely, Boreal, Steppe, Mediterranean, and
Eremian) to Western Asia (Anatolia, Caucasus, and Northern Iran) (Figure 1A). Regarding
Anatolia, Uvarov [7] reported the existence of representatives from all four eco-geographic
sections, but those of the Mediterranean and Eremian were dominant. The ecogeographic
classification of Anatolian Caelifera by Weidner [20] (see Figure 1B), also followed by
Demirsoy [21], was largely different from that developed by Uvarov [7], not only in terms
of the names of eco-geographic sections but also in terms of their borders and typical
representative species. The main differences are as follows: (i) Uvarov proposed the Black
Sea Basin in the Mediterranean subregion, while Weidner placed it in the Siberian or
Steppe subregion; (ii) Uvarov suggested the Levantine extension to Anatolia as Syrian
Anatolia in the Mediterranean, while Weidner [4] considered it a part of the Afro-Eremian
subregion; (iii) Uvarov distinguished the Mediterranean section by naming it Anatolio-
Balkan fauna, while Weidner did not; and (iv) Weidner defined several refugial areas in
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Anatolia, while Uvarov identified none. Further differences can also be noted by comparing
both publications [7,20] (compare Figure 1A,B).
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Figure 1. Eco-biogeographic classification of Anatolian short-horned grasshoppers modified and re-
drawn according to (A) Uvarov [7] (A.M. (dark green)—Anatolia-Mediterranean; A.S. (blue)—Syrian-
Anatolia; Ar. (grey)—Armenian district; C.M. (brown)—District of Caucasus Minor, P. (red)—Pontian
district) and (B) Weidner [20] (green: Arboreal refugium, nude: Central and Eastern Anatolia,
Caucasus and Middle East).

The above-mentioned preliminary studies, which were followed by many subsequent
publications, indicate the necessity of a definition considering the vegetation of the area and
pose significant questions to be answered. First, Anatolia is highly complex in its geography
and climate, so choosing a criteria for defining habitat content, and thus the application of
any general classification, remain too simplistic. Second, species with a particular ecological
preference may penetrate different eco-geographic sections due to the presence of island-
like refugial areas, and this hinders the definition of faunal elements that are typical for a
section. Third, Anatolia harbours a considerable percentage of endemic species [7,13,20],
and a proper eco-biogeographic definition of the region requires considering its own
features, such as vegetation [30]. Fourth, all previous studies [7,20,21] adopted an eco-
biogeographic perspective, considering specific elements to have arrived in Anatolia from
somewhere outside this region. Such a perspective is misleading phylogeographically, as
are several lineages that specifically originated and evolved here, such as several genera
of Pamphagidae [31,32], some lineages of Gomphocerinae [33], and many lineages of
Ensifera [9,12,24]. As suggested by both early [34] and recent studies [9,25,27,35], the
reverse case, i.e., defining Anatolia as a centre of radiation and dispersing from Anatolia to
the surrounding geographic area, seems much more likely. Documenting all incompatible
or inadequate accounts on Anatolian biogeography is beyond the aims of the present
study, but all indicate the necessity of a reconsideration, particularly with respect to the
distribution pattern of Caelifera diversity.
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Some of the swarming Caeliferan locust species occur in Anatolia. The desert lo-
cust, Schistocerca gregaria, is the best-known species, but Anatolia remains outside of its
recession range [36–39], and there have been no desert locust swarms in the region since
the 1960s [40]. The other three outbreaking species that have caused serious damage in
the past and still have the potential to inflict damage in the area are the Moroccan locust,
Dociostaurus maroccanus [41,42]; the migratory locust, Locusta migratoria; and the Italian
locust, Calliptamus italicus [43,44]. The assessment of their potential in the context of global
warming seems of particular importance [40]. Additionally, there have been occasional
and localized outbreaks of grasshopper species, such as Heteracris pterosthica, Notostaurus
anatolicus, Arcyptera labiata, and Calliptamus spp., aside from C. italicus (namely, C. barbarus
and C. tenuicercis), in Anatolia [44–46]. Furthermore, based on the experience of the first
author, certain species (e.g., Chorthippus spp. and Oedipoda spp.) proliferate regionally and
they have caused damage in certain years. The continuance of global warming may change
habitat characteristics and disturb species presence, consequently leading to shifts in their
distribution areas or phenology/life history characteristics or even driving them to extinc-
tion [26]. Aridification is the most probable consequence of global warming, especially in
the Eastern Mediterranean Basin, including Anatolia [47]. Aridification may lead to the
expansion of the Eremian or arid eco-zones, and such expansion may provide opportunities
for species with Eremian habitat preferences to expand their ranges or even proliferate
and become pests in large parts of Anatolia, excluding the sea basin zones. Testing this
probability is of special importance and may provide a corridor between biogeography and
pest potential estimation.

The present study is intended to provide a perspective for merging biogeography
and pest potential estimation for short-horned grasshoppers in Anatolia. This aim will be
achieved by (1) providing a faunistic list of Caelifera, (2) defining species or supra-species
lineage eco-biogeographic characteristics in reference to Anatolian climatic fragments and
phytogeographic provinces (as all members of the suborder are herbivorous and some
are oligophagous), and (3) estimating the future pest potential of pullulating species via
modelling the distribution of species with pest potential.

2. Materials and Methods

This study was planned in three successive modules, with the first aimed at providing
an updated checklist for Anatolian short-horned grasshoppers. Previous checklists, mainly
those presented in [13,20,21,31], as well as recent ones [22,23], were considered as a starting
point. Species/subspecies from these publications were adopted to establish new lists, and
the taxa were cross-checked against Orthoptera Species File 2 (OSF2) [48] for nomenclatural
changes and taxonomic clarification. OSF2 [48] was also utilized to determine publications
related to each taxon. Taxonomic/faunistic publications were examined to determine the
intra/extra-Anatolian distribution of each species/subspecies.

The second module of the study involves classifying Anatolian short-horned grasshop-
pers according to their eco-geographic preferences. The eco-geographic preferences of the
species/subspecies were classified according to the phytogeographic provinces of Anatolia
defined by Zohary [30], consisting of four sections: Mediterranean, Euro-Siberian, Irano-
Anatolian, and Mesopotamia (see also [25,49]) (Figure 2). This classification was deemed
reasonable considering that locusts and short-horned grasshoppers are herbivorous insects,
thus leading to the expectation of a coupling between plant and grasshopper composi-
tions. Although this classification partly corresponds to that developed by Uvarov [7] or
Weidner [4], as evidenced by, for example, the consideration of the Mediterranean Region,
which is common to all, the sections considered here are different, at least with respect
to the intra-Anatolian borders. The species list was prepared as a table indicating species
presence/absence per section in Anatolia. The endemic taxa were also identified in the
table. This table was used to infer the habitat preferences of species/subspecies, calculate
section diversity, and derive the general pattern of the diversity characteristics of Anatolian
short-horned grasshoppers.



Insects 2024, 15, 55 5 of 28

Insects 2024, 15, x FOR PEER REVIEW 5 of 26 
 

 

tified in the table. This table was used to infer the habitat preferences of species/subspe-
cies, calculate section diversity, and derive the general pattern of the diversity character-
istics of Anatolian short-horned grasshoppers. 

The third module of this study focuses on pest species or species with pest potential, 
particularly considering climate-warming scenarios. Dociostaurus moroccanus, Locusta mi-
gratoria, and Calliptamus italicus are recognized as outbreaking species in the region [36–
42]. In addition to these three species, Heteracris pterosthica, Dociostaurus brevicollis, Noto-
staurus anatolicus, Arcyptera labiata, C. barbarus, and C. tenuicercis have been reported to be 
occasionally outbreaking species in Anatolia in arid and semi-arid areas [40,43–46]. Fur-
thermore, based on the experience of the first author, Chorthippus dichrous, Ch. karelinii, 
and Euchorthippus pulvinatus were identified as pullulating species in highland meadows, 
and so were Oedipoda miniata and O. schochii in arid areas. Current and future distributions 
of these species were estimated using species distribution modelling. Current and future 
species distribution predictions were conducted via the raster [50] and sdm [51] packages 
in the R environment [52] for the 14 species of Acrididae with pest potential in Anatolia. 
The species’ occurrence data (Table S1) were gathered from various sources [13,19–21,53–
67], with the majority of localities coming from samples preserved in the author’s personal 
collection at AUZM (Akdeniz University Zoology Museum, Antalya, Turkey) and 
MEVBIL (Molecular Evolution and Biogeography Lab.) at Akdeniz University. Publica-
tions containing records of the listed species were also cross-referenced.  

 
Figure 2. The eco-biogeographic sections used in this study to define habitat preferences of Anato-
lian short-horned grasshoppers (the sections are defined according to phytogeographical provinces 
in Anatolia by considering the work by Zohary [30], Çıplak [26], and Kaya & Raynal [49]. 

Bioclimatic data for the near present (1970–2000) and future (2061–2080 average, 
2070, CCSM4, RCP 8.5) were downloaded from the WorldClim database v.2 [68] at a spa-
tial resolution of 2.5 min (~4.5 km2) for modeling. Variance inflation factor (VIF) scores 
were calculated to exclude collinear bioclimatic variables, and uncorrelated variables were 
used for the modeling distribution of each species. Pseudo-absence points were created 
using the gRandom method (n = 1000) by means of various prediction models, including 
Generalized Additive Models (GAM), Generalized Linear Models (GLM), and Maximum 
Entropy (MaxEnt). The subsampling test percentage and number of replicates were set at 
10 and 20, respectively. Model performance parameters, AUC (Area Under the Curve 
[69]), and TSS (the true skill statistics [70]) were calculated for each model, and the con-
sensus predictions of each model were used through a “weighted” scheme [51]. 

3. Results 
Two hundred and eighty-four species of Caelifera, encompassing 79 genera, have 

been documented in Anatolia (Appendix A Table A1). The most diverse family in Anatolia 
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short-horned grasshoppers (the sections are defined according to phytogeographical provinces in
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The third module of this study focuses on pest species or species with pest potential,
particularly considering climate-warming scenarios. Dociostaurus moroccanus, Locusta migra-
toria, and Calliptamus italicus are recognized as outbreaking species in the region [36–42].
In addition to these three species, Heteracris pterosthica, Dociostaurus brevicollis, Notostaurus
anatolicus, Arcyptera labiata, C. barbarus, and C. tenuicercis have been reported to be occasion-
ally outbreaking species in Anatolia in arid and semi-arid areas [40,43–46]. Furthermore,
based on the experience of the first author, Chorthippus dichrous, Ch. karelinii, and Euchor-
thippus pulvinatus were identified as pullulating species in highland meadows, and so were
Oedipoda miniata and O. schochii in arid areas. Current and future distributions of these
species were estimated using species distribution modelling. Current and future species
distribution predictions were conducted via the raster [50] and sdm [51] packages in the R
environment [52] for the 14 species of Acrididae with pest potential in Anatolia. The species’
occurrence data (Table S1) were gathered from various sources [13,19–21,53–67], with the
majority of localities coming from samples preserved in the author’s personal collection at
AUZM (Akdeniz University Zoology Museum, Antalya, Turkey) and MEVBIL (Molecular
Evolution and Biogeography Lab.) at Akdeniz University. Publications containing records
of the listed species were also cross-referenced.

Bioclimatic data for the near present (1970–2000) and future (2061–2080 average, 2070,
CCSM4, RCP 8.5) were downloaded from the WorldClim database v.2 [68] at a spatial
resolution of 2.5 min (~4.5 km2) for modeling. Variance inflation factor (VIF) scores were
calculated to exclude collinear bioclimatic variables, and uncorrelated variables were used
for the modeling distribution of each species. Pseudo-absence points were created using the
gRandom method (n = 1000) by means of various prediction models, including Generalized
Additive Models (GAM), Generalized Linear Models (GLM), and Maximum Entropy
(MaxEnt). The subsampling test percentage and number of replicates were set at 10 and 20,
respectively. Model performance parameters, AUC (Area Under the Curve [69]), and TSS
(the true skill statistics [70]) were calculated for each model, and the consensus predictions
of each model were used through a “weighted” scheme [51].

3. Results

Two hundred and eighty-four species of Caelifera, encompassing 79 genera, have
been documented in Anatolia (Appendix A Table A1). The most diverse family in Anato-
lia is Acrididae, with a total of 175 species representing 57 genera classified under eight
subfamilies. Pamphagidae occupies the second position, with a total of 91 species rep-
resenting 15 genera classified under two subfamilies. Tetrigidae takes the third position
with eight species from two different genera of the nominate subfamily. The remaining
three families are represented by a few species in Anatolia. Tridactylidae consists of four
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species representing three genera from two different subfamilies, while Pyrgomorphidae
and Dericorythidae each have three species of a single genus (Table 1; Figure 3).

Table 1. The number of widespread and endemic species per Caelifera family occurring in Anatolia.

Family N, Widespread N, Endemic Total

Tridactylidae 4 0 4
Pyrgomorphidae 3 0 3
Dericorythidae 3 0 3

Tetrigidae 8 0 8
Pamphagidae 26 65 91

Acrididae 128 47 175

Total 172 112 284
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Endemic species account for more than 39.4% of Anatolian Caelifera, with 112 out of
the total 284 being endemic. Among these, 65 out of the total 91 species (71.4%) belong
to Pamphagidae, and 47 out of the total 175 species (15%) belong to Acrididae (Table 1,
Figure 3). The diversity of the other four families is limited, with Tridactylidae, Tetrigidae,
Pyrgomorphidae, and Dericorythidae each having fewer than 10 species and no endemic
representatives in Anatolia (Table 1, Figure 2). The genera Ebnerodes, Glyphothmethis, Para-
nocarodes, Paranothrotes, Pseudonothrotes, Nocarodes, Nocaracris, and Prionosthenus, all within
Pamphagidae, are either endemic or predominantly Anatolian in distribution. Although
Acrididae is the most diverse family, only the monotypic genera Rammepodisma and Demir-
soyus are endemic, and there are no polytypic genera that are endemic or predominantly
Anatolian in distribution (Appendix A Table A1).
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Each of the four provinces exhibits a different Caelifera faunal composition
(Appendix A Table A1, Table 2, Figure 3). The most diverse province is Irano-Anatolia, with
193 species (68% out of the 284 species recorded from Turkey), including 121 from Acrididae,
59 from Pamphagidae, and 13 from the remaining four families. The second-most-diverse
province is Euro-Siberia, with 131 species (46% of the total), comprising 99 from Acrididae,
24 from Pamphagidae, 7 from Tetrigidae, and 1 from Tridactylidae (Appendix A Table A1,
Table 2, and Figure 4). The third-most-diverse province is the Mediterranean province,
with 127 species (45% of the total), including 89 from Acrididae, 28 from Pamphagidae, and
the remaining 10 from Tridactylidae, Tetrigidae, and Pyrgomorphidae. Mesopotamia is the
least diverse province, with 55 species (19% of the total). Acrididae and Pamphagidae are
the two most diverse families in all four provinces, as for entire Anatolia. According to
regional diversity, the richest province is Irano-Anatolia, and the poorest is Mesopotamia
for both Acrididae and Pamphagidae. Pyrgomorphidae is absent in Euro-Siberia, Tridactyl-
idae is absent in Mesopotamia, and Dericorythidae is absent in the Mediterranean and
Euro-Siberian provinces (Appendix A Table A1, Figure 4).

Table 2. The number of species per family in each of four phytogeographical regions of Anatolia.

Irano-Anatolia Euro–Siberia Mediterranean Mesopotamia

Dericorythidae 3 - - 2
Pyrgomorphidae 3 - 2 2

Tridactylidae 2 1 3 -
Tetrigidae 5 7 5 3

Pamphagidae 59 24 28 6
Acrididae 121 99 89 42

Total 193 131 127 55
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Variance inflation factor (VIF) scores per bioclimatic factor indicated that the number
of retained bioclimatic variables per species was six for Dociostaurus maroccanus and Heter-
acris pterosticha; seven for Arcyptera labiata, Calliptamus italicus, C. barbarous, C. tenuicercis,
Dociostaurus brevicollis, Locusta migratoria, and Oedipoda miniata and eight for Chorthip-
pus dichrous, Ch. karelini, Euchorthippus pulvinatus, O. schochii, and Notostaurus anatolicus
(Table 3). Of the 19 bioclimatic variables, the maximum temperature of the warmest month
(BIO5), the minimum temperature of the coldest month (BIO6), the minimum temperature
of the coldest quarter (BIO11), precipitation in the driest quarter (BIO17), and precipi-
tation in the coldest quarter (BIO19) were uninformative (correlated) for all 14 species.
Temperature of annual range (BIO7; BIO5/BIO6) and precipitation in the wettest quarter
(BIO16) for 13 species; mean temperature of the warmest quarter (BIO10) and precipitation
in the warmest quarter (BIO18) for 12 species; and precipitation seasonality (BIO15) for
10 species, isothermality (BIO3; BIO/BIO7X100) for eight species, mean temperature of
the wettest quarter (BIO8), mean diurnal range (BIO2), precipitation in the driest month
(BIO14), precipitation in the wettest month (BIO13), annual mean temperature (BIO1),
mean temperature of the driest quarter (BIO9), temperature seasonality (BIO4), and annual
precipitation (BIO12) were the most informative bioclimatic variables, with correlations
for >8, up to 14, species (Table 4). The model performance estimation for GAM, GLM,
and MAXENT is presented in Table 5. According to both the AUC and TSS performance
estimators, maximum entropy (MAXENT) is the best estimator for all species other than
D. brevicollis, for which GAM is the best model. It should be noted that the performance
values of both AUC and TSS were moderate, suggesting that these estimations need to be
interpreted with caution.

Table 3. The description of 19 bioclimatic variables from the WorldClim database and those used in
the species distribution modelling.

Bioclimatic Variables Description Bioclimatic Variables Description

BIO1 Annual mean temperature BIO11 Mean temperature of
coldest quarter

BIO2 Mean diurnal range (mean of
monthly (max temp–min temp)) BIO12 Annual precipitation

BIO3 Isothermality (BIO2/BIO7) (×100) BIO13 Precipitation in wettest month

BIO4 Temperature seasonality (standard
deviation ×100) BIO14 Precipitation in driest month

BIO5 Max temperature of warmest month BIO15 Precipitation seasonality
(coefficient of variation)

BIO6 Min temperature of coldest month BIO16 Precipitation in
wettest quarter

BIO7 Temperature annual range
(BIO5-BIO6) BIO17 Precipitation in driest quarter

BIO8 Mean temperature of
wettest quarter BIO18 Precipitation in

warmest quarter

BIO9 Mean temperature of driest quarter BIO19 Precipitation in
coldest quarter

BIO10 Mean temperature of
warmest quarter



Insects 2024, 15, 55 9 of 28

Table 4. The uncorrelated bioclimatic factors and their variance inflation factor (VIF) scores used
for each species’ modelling (* the correlated factor for respective species; LM—Locusta migratoria,
CI—Calliptamus italicus, CB—C. barbarus, CT—C. tenuicercis, DM—Dociostaurus maroccanus,
DB—D. brevicollis, HP—Heteracris pterosticha, NA—Notostaurus anatolicus, AL—Arcyptera labi-
ata, OM—Oedipoda miniata OS—O. schochii, ChD—Chorthippus dichrous, ChK—Ch. karelini, and
EP—Euchorthippus pulvinatus).

Bioclimatic
Variables LM CI CB CT DM DB HP NA AL OM OS ChD ChK EP

BIO1 4.405 3.614 2.061 1.487 * 2.448 * 2.562 2.986 * 4.217 2.828 * *
BIO2 2.069 1.758 1.959 2.132 2.917 1.588 1.178 1.566 2.514 * * 2.011 2.112 2.135
BIO3 1.840 1.380 * * * * * * * 2.798 2.629 * 1.996 1.301
BIO4 * * 1.382 1.508 2.682 1.920 4.716 1.684 2.791 3.056 * 1.856 * *
BIO5 * * * * * * * * * * * * * *
BIO6 * * * * * * * * * * * * * *
BIO7 * * * * * * * * * * 1.793 * * *
BIO8 2.510 1.308 2.236 2.392 3.224 3.162 1.326 2.115 4.324 1.365 4.000 1.898 2.439 2.527
BIO9 * 4.189 * * 1.677 2.341 1.908 2.171 * 3.072 2.975 2.872 2.814 4.967

BIO10 * * * * * * * * * * * * 2.826 3.171
BIO11 * * * * * * * * * * * * * *
BIO12 2.133 * 2.061 7.391 * * * 8.389 4.256 3.768 5.918 7.237 4.313 *
BIO13 * 1.579 6.978 5.071 * 3.363 4.929 6.112 5.129 * 4.947 4.748 * 4.331
BIO14 5.790 2.615 4.331 2.555 * 3.115 1.905 2.873 4.391 6.002 2.954 3.129 9.876
BIO15 6.361 * * * * * * * * 9.466 * * 5.524 5.768
BIO16 * * * * 2.981 * * * * * * * * *
BIO17 * * * * * * * * * * * * * *
BIO18 * * * * 4.062 * * * * * * * * 7.324
BIO19 * * * * * * * * * * * * * *

Table 5. The model performance parameters (area-under-the-curve (AUC) and true skill statistic (TSS)
values) for each of the Generalized Additive Models (GAMs), Generalized Linear Models (GLMs),
and Maximum Entropy (MaxEnt) estimated for each species.

Species Methods AUC TSS Species Methods AUC TSS

Arcyptera labiata
GLM 0.79 0.61

Dociostaurus maroccanus
GLM 0.65 0.49

GAM 0.84 0.71 GAM 0.65 0.46
MAXENT 0.87 0.71 MAXENT 0.77 0.65

Calliptamus barbarus
GLM 0.69 0.41

Euchortippus pulvinatus
GLM 0.78 0.62

GAM 0.79 0.54 GAM 0.79 0.64
MAXENT 0.8 0.54 MAXENT 0.86 0.72

Calliptamus italicus
GLM 0.74 0.45

Heteracris pterosticha
GLM 0.75 0.61

GAM 0.84 0.61 GAM 0.75 0.58
MAXENT 0.82 0.56 MAXENT 0.82 0.71

Calliptamus tenuicercis
GLM 0.71 0.47

Oedipoda schochii
GLM 0.79 0.63

GAM 0.79 0.55 GAM 0.84 0.69
MAXENT 0.81 0.59 MAXENT 0.85 0.72

Chorthippus dichrous
GLM 0.74 0.45

Oedipoda miniata
GLM 0.69 0.41

GAM 0.79 0.52 GAM 0.76 0.52
MAXENT 0.8 0.54 MAXENT 0.75 1.2

Chorthippus karelini
GLM 0.83 0.65

Locusta migratoria
GLM 0.78 0.58

GAM 0.84 0.66 GAM 0.79 0.6
MAXENT 0.84 0.68 MAXENT 0.83 0.67

Dociostaurus brevicollis
GLM 0.78 0.56

Notostaurus anatolicus
GLM 0.71 0.47

GAM 0.86 0.69 GAM 0.78 0.56
MAXENT 0.85 0.66 MAXENT 0.8 0.58

4. Discussion and Conclusions
4.1. Faunal Composition of Anatolian Caelifera

Anatolia, by its geographic area size, constitutes roughly 0.001% of the world’s ter-
restrial area. However, with a total of 284 species/subspecies, Anatolia harbours 2.2% of
the world’s Caelifera diversity, a proportion approximately 2000 times its geographic size.
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These contradictory proportions of geographic size and species percentages confirm that
Anatolia constitutes a biodiversity hotspot for both Caelifera and Orthoptera. Anatolian
Caelifera diversity comprises two families, Acrididae and Pamphagidae, representing 61.6%
and 32%, respectively (Table 1, Figure 2). Taxa belonging to the remaining four families
constitute only 6.4% of Anatolian Caelifera diversity. Although the species number of
Acrididae occurring in Anatolia is higher than that of Pamphagidae, the former constitutes
2.5% of the world’s diversity, with 175 species, while the latter represents 14.4% of the
world’s diversity, with 91 species (see [48] for species/subspecies diversity of the families).
These percentages indicate that Anatolia constitutes an important fragment of the range of
Acrididae and Pamphagidae, especially the latter, while serving as a peripheral range area
for Tridactylidae, Tetrigidae, Derycoriythidae, and Pyrgomorphidae.

The above proportions per family indicate the range extension of families, but they
do not provide insights into the evolution of these lineages in the area. Roughly 40% of
Anatolian Caelifera are endemic, having evolved in this region. The proportion of endemic
species or generic lineages carries important implications. Species poor families such as
Tridactylidae, Tetrigidae, Derycoriythidae, and Pyrgomorphidae have no endemic represen-
tatives in Anatolia, leading us to consider Anatolia to be the marginal range area for these
lineages. In contrast to these families, Pamphagidae and Acrididae boast a considerable
number/proportion of endemic species. Pamphagidae occupies the top spot for endemism,
with 71% percentage of endemic species, suggesting that Anatolia constitutes a centre of
origin for this lineage. The presence of several endemic or predominantly Anatolian genera,
namely, Ebnerodes, Glyphothmethis, Paranocarodes, Paranothrotes, Pseudonothrotes, Nocarodes,
Nocaracris, and Prionosthenus, supports this claim. More importantly, the main species diver-
sity of the family in the Palearctic occurs in Anatolia, indicating an autochthonous radiation
on the margin of the Gondwanian region [21,31,32,71], especially as the main proportion of
the diversity of this lineage is in Africa. The rate of endemic species belonging to Acrididae
is lower (27%) but still considerable. There are no polytypic generic lineages endemic to
Anatolia [72,73]. Instead, genera represented by several species in Anatolia, especially
those belonging to Gomphocerinae, are widespread in the Palearctic. The species numbers
of some of these genera, such Chorthippus, Stenobothrus, Sphingonotus, and Omocestus, are
considerably high in Anatolia, and some of them are endemic, indicating that Anatolia is
an important part of their diversity centre. Finally, there are no endemic species of the other
four families in Anatolia.

4.2. Ecobiogeographic Classification of Anatolian Caelifera

Species diversity and composition in each ecobiogeographic fragment in Anatolia may
differ due to several reasons. Two crucial factors are likely the area size and vegetation
type of the fragment, considering that Caelifera members are herbivorous, and some are
oligophagous, showing a preference for a limited number of certain plants. In terms of
area size, Irano-Anatolia is the largest, followed by the Mediterranean, Euro-Siberia, and
Mesopotamia. Vegetation type may be another factor determining Caelifera species diver-
sity and composition, and for this reason we followed the ecobiogeographic classification
was based on the phytogeographic classification developed by Zohary [30]. Fragments
with steppe vegetation or predominantly steppe vegetation are expected to have greater
Caelifera diversity. The Irano-Anatolian phytogeographic province is characterized by
steppe vegetation, which also occurs in the southern parts of Euro-Siberia and the highlands
of the Mediterranean. Mesopotamia is adjacent to the desert of the Arabian Peninsula.
Consistent with the area sizes and vegetation types, Irano-Anatolia harbours the highest
diversity, while Euro-Siberia corresponds to the second highest, the Mediterranean ranks
third, and Mesopotamia has the poorest diversity. Although the Mediterranean is larger
than Euro-Siberia in terms of area size, the species number is higher in the latter, possibly
due to its vegetation composition, which provides habitats for cold-preferring species of
Gomphocerinae. It should be noted that several species occur in more than one fragment,
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especially along the fragments’ adjacent areas. In all four geographic fragments, Acrididae
and Pamphagidae are the dominant families, as is the case for the entirety of Anatolia.

The redefinition of the faunal structure of Anatolia necessitates a comparative eval-
uation across geographic fragments. Unlike Caelifera, Tettigoniinae was reported to be
most diverse in the Mediterranean province, followed by Irano-Anatolia, Euro-Siberia,
and Mesopotamia [25]. This result aligns with Uvarov’s [7] findings, indicating that the
Mediterranean is more diverse compared to other provinces. A potential reason for this
difference could be the limited presence of steppe vegetation in the Mediterranean province,
which is crucial for Caelifera but less so for Ensifera. Ensifera includes several predatory
species such as members of Pholidopterini and Drymadusini with a high number of en-
demic species [27,74]. In Anatolia, the proportion of endemic species belonging to Ensifera
is approximately 80%, roughly twice that of Caelifera (approximately 40%, according to
this study). This suggests that several ensiferan lineages originated in and radiated into
Anatolia and are either Anatolian or predominantly Anatolian in their present distribution.
Contrary to other families, the Pamphagidae lineage within Caelifera exhibits a diversity
pattern similar to that of Ensifera. Approximately 20% of the world’s total pamphagid
diversity occurs in Anatolia, and crucially, around 71% of them are endemic. Additionally,
there are several genera of the family restricted to Anatolia or with only a few represen-
tatives in adjoining areas, indicating that Anatolia is an origin and radiation centre for
this lineage.

Uvarov [7] classified Palearctic orthopteroid insects into four ecological categories:
Boreal, Mediterranean, Steppe, and Eremian. In Figure 1A, the Boreal category corresponds
to Euro-Siberia, and the Mediterranean corresponds to the respective region, but there
are differences in our classification for the other two categories (Figure 2). Here, we have
restricted Eremian to the lowlands of Mesopotamia, an area characterized by Artemisia-
dominated dry habitats adjacent to the Arabian Peninsula desert [30].

The Irano-Anatolia region defined herein mainly includes Uvarov’s steppe region and
part of the Eremian. Uvarov [7] uses the term “steppe subregion” for the Siberian habitat
type. However, species occurring in Anatolia or predominantly in the Irano-Anatolian
distribution, such as members of Stenobothrus, Chorthippus, and many other sublineages
of Gomphocerinae, rarely extend beyond the Caucasus Mountains in the northeast or the
highlands of the Balkans in the northwest [72,73]. Many Anatolian species have sister
species in the adjoining Balkans, Caucasia, and other parts of the Black Sea Basin. Although
many of them are not endemic, their ranges are limited to Anatolia and the surrounding
areas, exhibiting characteristics of a gliding fauna, as stated by Kosswig [34].

Along with the endemic species in the area, the steppe fauna represents a regionally
evolved diversity. Thus, we believe that these are resident lifeforms of the area, not that they
evolved somewhere else (e.g., the Siberian steppes) and then arrived here, as suggested in
earlier studies [20,21]. Additionally, Anatolia is possibly the centre of origin for many of
them, either as species or multispecies lineages; see [33,35,54] for some examples.

In conclusion, Anatolia harbours Caelifera fauna, especially those occurring in the
Mediterranean and Irano-Anatolia, mainly originating in the area. While there are some
members that arrived from Africa (mainly North Africa) and Central/East Asia, as men-
tioned in earlier biogeographic studies [7,20,21], they constitute an insignificant fraction.
Another issue related to the steppe elements in Anatolia is the definition of internal refu-
gia by Weidner [20]. These refugia mainly correspond to some altitudinal chains with
steppe vegetation in the Mediterranean and Euro-Siberian regions, remaining outside of
Irano-Anatolia (see Figure 1B). These mountain chains are characterized by the existence
of cold-demanding members of Gomphocerinae, either as endemics or as fragmented
populations of some widespread species, which were defined as taxa with a boreo-alpine
distribution by De Latin [75]. Thus, we think these refugia do not represent different
faunal characteristics that should be evaluated separately. Contrary to other eco-geographic
regions, there are no species endemic to Mesopotamia, and the species occurring in the
area are common in large parts of the Palearctic.
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4.3. Pest and Pullulating Species of Caelifera in Anatolia

Although publications on pest orthopterans in Anatolia date back to the time of the
First World War [36–38,41–46], these studies generally focused on classical swarming locust
species, such as Dociostaurus maroccanus, Calliptamus italicus, and Schistocerca gregaria. As
locally proliferating species were rarely examined or reported (as reviewed in [40]), our
results can provide significant indications for pest management organisations. Personal
observations made by the first author over the course of 35 years throughout Anatolia
revealed that several species have the ability to become pests. This is the reason why
the Directorate of the Plant Protection Central Research Institute applied insecticides to
proliferating grasshopper populations in various locations in Anatolia between 2013 and
2020 (see Figure 6 in [40]). According to experts from the Directorate of the Plant Protection
Central Research Institute [76], insecticide application was rarely employed for certain
species, especially Locusta migratoria, and instead was used for multispecies grasshopper
communities that locally became abundant. Data provided by experts from the Directorate
of the Plant Protection Central Research Institute and personal observations made by the
first author indicate that these grasshopper communities mainly consist of Callipttamus
spp., Oedipoda spp., N. anatolicus, and H. pterosthica in lowland plains and D. brevicollis,
Chortippus spp., E. pulvinatus, and A. labiata in highland areas. The pest state is observed
during the summer, especially after the wild vegetation has dried out, and these animals
gather in watered green agricultural areas. Rather than damaging lowland agricultural
areas, species proliferating in highlands harm the pastures in the countryside.

In this study, we attempted to predict the future pest potential of 14 grasshopper
species in Anatolia by modelling their distributions for both the present and future (2070).
Of the 14 species modelled (see Figure 5), Calliptamus italicus, C. barbarus, C. tenuicercis,
Notostaurus anatolicus, Oedipoda miniata, and O.schochii occur in lowland (<1200 m) arid
habitats around agricultural areas; Arcyptera labiata, Dociostaurus maroccanus, and D. brevicol-
lis occur in semi-arid areas with step vegetation at moderate altitudes; Heteracris pterosticha
and Locusta migratoria occur in watered humid plains at moderate/lowland altitudes; and
Chorthippus dichrous, Ch. karelini, and Euchorthippus pulvinatus occur in montane meadows
at highland. The modelling results showed varied predictions for each species, including
insignificant changes for three, reductions for five, and enlargements for the remaining
five. It is important to note that these predictions come with certain limitations, such as
relatively low statistical support (in this case, with respect to AUC and TTS), possibly due
to the limited number of locality records and the absence of certain ecological factors in the
analyses. The oligophage feeding preference of the acridid species, which was not explicitly
considered in the modelling, might have influenced the accuracy of predictions. Addition-
ally, other ecological factors like competition and predators, which were not accounted for
in the conventional analyses, could impact species occurrence.

Despite these limitations, this study suggests important clues in the modelling re-
sults. The reduction in the distribution size of certain species associated with montane
meadows, such as Chorthippus dichrous, Ch. karelini, and Dociostaurus brevicollis, aligns with
expectations considering the potential effects of global warming on such habitats. On the
other hand, the enlargement in distribution size for species like Dociostaurus maroccanus,
Locusta migratoria, Heteracris pterosticha, Oedipoda miniata, O. schochii, and Euchorthippus
pulvinatus was expected due to their wide ecological tolerance. A recent proliferation of
H. pterosticha [40] supports this estimation. Of these five species, though E. pulvinatus
occurs in highlands, it prefers relatively arid areas compared to two species of Chorthippus
preferring moist meadows. D. marrocanus and L. migratoria are already-known pest species
and continuously under management by the Directorate of the Plant Protection Central
Research Institute [40,76]. This study emphasizes the need for caution in interpreting
these predictions and recommends monitoring the population densities of certain species,
including D. maroccanus, L. migratoria, H. pterosticha, C. italicus, N. anatolicus, and Oedipoda
spp., to determine their pest potential in the future. The authors acknowledge that more
comprehensive analyses, incorporating extensive occurrence data and additional ecologi-
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cal factors, are essential to acquire a better understanding of the biogeography and pest
potential of short-horned grasshoppers.
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Figure 5. Cont.



Insects 2024, 15, 55 14 of 28

E2E1

F1

G1 G2

H2H1

F2

I1 I2

Figure 5. Cont.



Insects 2024, 15, 55 15 of 28

25 30 35 40 45

36
38

40
42

44

0.1
0.2
0.3
0.4
0.5

25 30 35 40 45

36
38

40
42

44

0.3
0.4
0.5
0.6
0.7
0.8
0.9

J1

K1

L1 L2

J2

K2

M1 M2

N1 N2

Figure 5. Present (1) and future (2070) (2) distribution predictions for 14 species of Acrididae with
pest potential. (A)—Locusta migratoria, (B)—Calliptamus italicus, (C)—C. barbarus, (D)—C. tenuicercis.
(E)—Dociostaurus maroccanus, (F)—D. brevicollis, (G)—Notostaurus anatolicus, (H)—Heteracris pteros-
ticha, (I)—Arcyptera labiata. (J)—Oedipoda miniata, (K)—Oedipoda schochii, (L)—Chorthippus dichrous,
(M)—Ch. karelini, and (N)—Euchorthippus pulvinatus.
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Appendix A

Table A1. Anatolian Caelifera and their distribution according to phytogeographical provinces
(ME: Mediterranean, ES: Euro–Siberia, IA: Irano-Anatolia, MP: Mesopotamia, EN: Endemic, and
* presence).

Taxa ME ES IA MP EN

Family Tridactylidae Brullé, 1835

Subfamily Dentridactylinae Günther, 1979

Bruntridactylus Günther, 1979

1 B. irremipes (Uvarov, 1934) *

Subfamily Tridactylinae Brullé, 1835

Asiotridactylus Günther, 1995

2 A. fasciatus (Guérin-Méneville, 1844) *

Xya Latreille, 1809

3 X. variegata (Latreille, 1809) * * *

4 X. pfaendleri Harz, 1970 *

Family Tetrigidae Rambur, 1838

Subfamily Tetriginae Rambur, 1838

Tetrix Latreille, 1802

5 T. depressa Brisout de Barneville, 1848 * * * *

6 T. tenuicornis tenuicornis (Sahlberg, 1891) * *

7 T. bolivari Saulcy, 1901 * * * *

8 T. ceperoi ceperoi (Bolívar, 1887) *

9 T. subulata (Linnaeus, 1758) * * * *

10 T. tuerki (Krauss, 1876) *

Paratettix Bolivar, 1887

11 P. meridionalis (Rambur, 1838) * * *

12 P. iranica Uvarov, 1952 *

Family Pyrgomorphidae Brunner, 1874

Subfamily Pyrgomorphinae Brunner, 1874

https://www.mdpi.com/article/10.3390/insects15010055/s1
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Table A1. Cont.

Taxa ME ES IA MP EN

Pyrgomorpha Serville, 1838

13 Pyrgomorpha (P.) conica (Olivier, 1791) * *

14 Pyrgomorpha (P.) cognata Krauss, 1877 * *

15 Pyrgomorpha (P.) guentheri Burr, 1899 * * *

Family Pamphagidae Burmeister, 1840

Subfamily Thrinchinae Stål, 1876

Eremopeza Saussure, 1888

16 E. gibbera gibbera (Stål, 1876) * * *

17 E. gibbera lata (Uvarov, 1934) *

18 E. festiva (Bolivar, 1884) *

19 E. saussurei saussurei (Uvarov, 1918) *

Prionotropis Fieber, 1853

20 P. maculinervis (Stal, 1876) * * *

Tmethis Fieber, 1853

21 T. pulchripennis asiaticus Uvarov, 1943 *

Asiotmethis Uvarov, 1943

22 A. limbatus (Charpentier, 1845) *

23 A. turritus (Fischer, 1833) *

Glyphotmethis Bei-Bienko, 1951

24 G. holtzi brachypterus Ünal, 2007 *

25 G. holtzi holtzi (Werner, 1901) * * *

26 G. holtzi pulchripes (Uvarov, 1943) * *

27 G. holtzi turcicus Ünal, 2007 * *

28 G. dimorphus dimorphus (Uvarov, 1934) * * *

29 G. dimorphus armenus (Ramme, 1951) * *

30 G. ovipennis (Uvarov, 1934) * * *

31 G. efe Ünal, 2007 * *

32 G. escherichi escherichi (Krauss, 1896) * * * *

33 G. escherichi eliator (Ramme, 1951) * * *

34 G. sevketi (Ramme, 1951) * *

35 G. escherichi inermis (Uvarov, 1934) * *

36 G. adaliae (Uvarov, 1928) * *

Subfamily Pamphaginae Burmeister, 1840

Ebnerodes Ramme, 1951

37 E. toelgi (Ebner, 1919) * *

Paranocarodes Bolivar, 1916

38 P. anatoliensis anamas Ünal, 2016 * *

39 P. anatoliensis anatoliensis Demirsoy, 1973 * *

40 P. brevipes Ramme, 1951 * * *

41 P. beieri (Ramme, 1951) * *

42 P. karabagi (Demirsoy, 1973) * *
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43 P. lubricus Mistshenko, 1951 * *

44 P. straubei (Fieber, 1853) * *

45 P. tolunayi paphlagonicus Ramme, 1951 * * *

46 P. tolunayi tolunayi Ramme, 1949 * * *

47 P. turkmen Ünal, 2014 * *

48 P. fieberi (Brunner von Wattenwyl, 1882) * * *

Ocnerosthenus Massa, 1995

49 O. brunnerianus (Saussure, 1887) *

Eunothrotes Adelung, 1907

50 E. derjugini Adelung, 1907 *

Paranothrotes Mistshenko, 1951

51 P. sulcatus (Bolivar, 1912) *

52 P. asulcatus Demirsoy, 1973 * *

53 P. buzuldagi Ünal, 2016 * *

54 P. dentatus Ünal, 2016 * *

55 P. eximius bitlis Ünal, 2016 * *

56 P. eximius eximius Mistshenko, 1951 *

57 P. nigrolobus (Demirsoy, 1973) * *

58 P. kosswigi Demirsoy, 1973 *

59 P. gotvendicus Bolivar, 1912 *

60 P. opacus opacus (Brunner von Wattenwyl, 1882) *

61 P. opacus rectus (Mistshenko, 1951) *

62 P. siirt Ünal, 2016 *

Pseudonothrotes Mistshenko, 1951

63 P. levis Mistshenko, 1951 * *

Nocarodes Fischer von Waldheim, 1846

64 N. aserbus Mistshenko, 1951 * *

65 N. nodosus Mistshenko, 1951 * *

66 N. serricollis Fischer von Waldheim, 1846 * *

Nocaracris Uvarov, 1928

67 N. acinosus (Mistshenko, 1951) * * *

68 N. bicoloripes (Uvarov, 1949) * * *

69 N. bodenheimeri (Uvarov, 1940) * *

70 N. burri (Uvarov, 1949) * * *

71 N. cejchani Ünal, 2016 * *

72 N. cinerascens Ramme, 1951 * *

72 N. cinerascens Ramme, 1951 * *

73 N. citripes (Uvarov, 1949) * * *

74 N. crassipes Ünal, 2016 * *

75 N. cyanipes (Fischer von Waldheim, 1846) * * *

76 N. demirsoyi (Ünal, 2002) * *
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77 N. dilekensis Ünal, 2016 * *

78 N. elegans (Mistshenko, 1951) * *

79 N. emirdagi Ünal, 2016 * *

80 N. furvus furvus (Mistshenko, 1951) * *

81 N. furvus kazdagi Ünal, 2016 * *

82 N. goektepe Ünal, 2016 * *

83 N. idrisi (Karabağ, 1953) * *

84 N. istanbul Ünal, 2016 * *

85 N. karadagi Ünal, 2016 * *

86 N. karshitoros Ünal, 2016 * *

87 N. kosswigi (Karabağ, 1953) * *

88 N. minutus Ünal, 2016 * *

89 N. monticolus Ünal, 2016 * *

90 N. niethammeri (Ramme, 1951) * * *

91 N. palandoken Ünal, 2016 * *

92 N. pontica Ramme, 1951 * *

93 N. rubripes (Motschulsky, 1846) *

94 N. subrubrata (Ramme, 1951) *

95 N. sureyana Ramme, 1951 * * *

96 N. tardus Ünal, Bugrov et Jetybayev, 2016 * *

97 N. tauricola Ramme, 1951 * *

98 N. tecticollis Ramme, 1951 * *

99 N. tridentatus (Stshelkanovtzev, 1916) * * *

100 N. tunceli Ünal, 2016 * *

101 N. van Ünal, 2016 * *

102 N. sabulosa Ramme, 1951 * *

Prionosthenus Bolívar, 1878

103 P. gueleni Karabağ, 1956 * *

Orchamus Stål, 1876

104 O. yersini yersini (Brunner von Wattenwyl, 1882) *

105 O. yersini davisi Uvarov, 1949 *

106 O. massai Ünal, 2016 * *

Anacridium Uvarov, 1923

108 A. aegyptium (Linnaeus, 1764) * * * *

Subfamily Eyprepocnemidinae Brunner von Wattenwyl, 1893

Eyprepocnemis Fieber, 1853

109 E. plorans plorans (Charpentier, 1825) * * * *

Heteracris Walker, 1870

110 H. adspersa (Redtenbacher, 1889) *

111 H. littoralis littoralis (Rambur, 1838) * * *

112 H. pterosticha (Fischer de Waldheim, 1833) * * *
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Subfamily Calliptaminae Jacobson, 1905

Paracaloptenus Bolívar, 1878

113 P. caloptenoides brunneri (Stal, 1876) *

114 P. caloptenoides caloptenoides (Brunner von Wattenwyl,
1861) * *

Calliptamus Serville, 1831

115 C. coelesyriensis (Giglio-Tos, 1893) * *

116 C. italicus italicus (Linnaeus, 1758) * * * *

117 C. barbarus barbarus (Costa, 1836) * * * *

118 C. barbarus cephalotes (Fischer de Waldheim, 1846) * *

119 C. tenuicercis Tarbinsky, 1930 * * * *

Subfamily Melanoplinae Scudder, 1897

Podisma Berthold, 1827

120 P. pedestris pedestris (Linnaeus, 1758) *

Rammepodisma Weidner, 1969

121 R. natoliae (Ramme, 1939) * *

Micropodisma Dovnar-Zapolskyi, 1933

122 M. koenigi (Burr, 1913) *

Subfamily Pezotettiginae Brunner von Wattenwyl, 1893

Pezotettix Burmeister, 1840

123 P. giornae (Rossi, 1794) * *

124 P. anatolica Uvarov, 1934 *

125 P. platycerca (Stal, 1876) *

Sphenophyma Uvarov, 1934

126 S. rugulosa (Stal, 1876) * * *

Subfamily Egnatiinae Bey-Bienko, 1951

Charora Saussure, 1888

127 C. pentagrammica Bolívar, 1899 * * * *

Subfamily Acridinae MacLeay, 1821

Acrida Linnaeus, 1758

128 A. ungarica (Herbst, 1786) * *

129 A. anatolica Dirsh, 1949 * * * *

130 A. bicolor (Thunberg, 1815) * * * *

131 A. oxycephala (Pallas, 1771) * * *

Truxalis Fabricius, 1775

132 T. eximia eximia Eichwald, 1830 * * *

133 T. robusta robusta (Uvarov, 1916) * * *

Duroniella Bolívar, 1908

134 D. fracta (Krauss, 1890) * * * *

135 D. laticornis (Krauss, 1909) * *

Subfamily Oedipodinae Walker, 1871
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Demirsoyus Sirin & Çiplak, 2004

136 D. salmani Şirin & Çıplak, 2004 * *

Paracinema Fischer, 1853

137 P. tricolor bisignatum (Charpentier, 1825) * * *

Mecostethus Fieber, 1852

138 M. parapleurus parapleurus (Hagenbach, 1822) * *

Morphacris Walker, 1870

139 M. fasciata (Thunberg, 1815) *

Stethophyma Fischer, 1853

140 S. grossum (Linnaeus, 1758) *

Aiolopus Fieber, 1853

141 A. simulatrix simulatrix (Walker, 1870) * *

142 A. strepens (Latreille, 1804) * * * *

143 A. thalassinus thalassinus (Fabricius, 1781) * * * *

Locusta Linnaeus, 1758

144 L. migratoria migratoria (Linnaeus, 1758) * * * *

Pyrgodera Fischer von Waldheim, 1846

145 P. armata (Fischer von Waldheim, 1820) * * *

Oedaleus Fieber, 1853

146 O. decorus (Germar, 1825) * * * *

Scintharista Sausseure, 1884

147 S. notabilis miramae Uvarov, 1941 * *

Psophus Fieber, 1853

148 P. stridulus (Linnaeus, 1758) * *

Brunnerella Saussure, 1888

149 B. mirabilis mirabilis Saussure, 1888 *

Celes Saussure, 1884

150 C. variabilis variabilis (Pallas, 1771) *

151 C. variabilis curtipennis Ramme, 1939 * *

152 C. variabilis carbonaria Uvarov, 1917 * * *

Sphingonotus Fieber, 1852

153 S. (S.) theodori theodori Uvarov, 1923 * * *

154 S. (S.) pilosus Saussure, 1884 * * * *

155 S. (S.) rubescens rubescens (Walker, 1870) * * *

156 S. (S.) caerulans caerulans (Linnaeus, 1767) * *

157 S. (S.) coerulipes coerulipes Uvarov, 1922 * * *

158 S. (S.) coerulipes djakanovi Mistshenko, 1937 * * *

159 S. (S.) octofasciata (Serville, 1838) *

160 S. (S.) nebulosus persa Saussure, 1884 *

161 S. (S.) nebulosus discolor Uvarov, 1933 *

162 S. (S.) nebulosus anatolicus Uvarov, 1930 * *
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163 S. (S.) turcicus turcicus Uvarov, 1930 * * *

164 S. (S.) turcicus kocaki Demirsoy, 1977 * *

Sphingoderus Bei-Bienko, 1950

165 S. carinatus (Saussure, 1888) * *

Asphingoderus Bei-Bienko, 1950

166 A. uvarovites uvarovites (Mistshenko, 1937) * * *

167 A. uvarovites similis Bey-Bienko, 1951 * *

168 A. elazigi Demirsoy, 1979 * *

Mioscirtus Saussure, 1888

169 M. wagneri wagneri (Eversmann, 1859) *

170 M. wagneri rogenhoferi (Saussure, 1888) *

Oedipoda Latreille, 1829

171 O. caerulescens caerulescens (Linnaeus, 1758) * * * *

172 O. discessa Steinmann, 1965 *

173 O. schochii schochii Br.- Wattenwyl, 1884 * * *

174 O. schochii caucasica Saussure, 1884 * *

175 O. schochi monotona Steinmann, 1965 *

176 O. aurea Uvarov, 1923 * * * *

177 O. miniata miniata (Pallas, 1771) * * * *

178 O. germanica germanica (Latreille, 1804) * *

179 O. meridionalis Ramme, 1913 * *

Acrotylus Fieber, 1853

180 A. longipes longipes (Charpentier, 1845) * *

181 A. patruelis (Herrich-Schäffer, 1838) * *

182 A. insubricus insubricus (Scopoli, 1786) * * *

Pseudoceles Bolivar, 1899

183 P. ledereri ledereri (Brunner von Wattenwyl, 1884) *

184 P. oedipodioides Bolívar, 1899 * *

185 P. obscrus lateritius Karabağ 1957 * * *

186 P. karadagi (Demirsoy, 1977) * *

Heliopteryx Uvarov, 1914

187 H. humeralis (Kuthy, 1907) * * * *

Leptopternis Saussure, 1884

188 L. gracilis (Eversmann, 1848) *

Subfamily Gomphocerinae Fieber, 1853

Ptygippus Mistshenko, 1951

189 P. brachiopterus Mistshenko, 1951 * *

Xerohippus Uvarov, 1942

190 X. alkani Karabag, 1953 * *

191 X. anatolicus Ramme, 1951 * *

Ochrilidia Stal, 1873
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192 O. pruinosa Brunner von Wattenwyl, 1882 *

193 O. gracilis gracilis (Krauss, 1902) *

194 O. tibialis (Fieber, 1853) *

Ramburiella Bolivar, 1906

195 R. turcomana (Fischer de Waldheim, 1833) * *

196 R. bolivari (Kuthy, 1907) * *

Arcyptera Serville, 1839

197 A. (A.) fusca (Pallas, 1773) * *

198 A. (Paracyptera) labiata (Brulle, 1832) * * *

199 A. (P.) microptera microptera (Fischer de Waldheim, 1833) *

200 A. (P.) microptera karadagi Karabağ, 1956 * *

201 A (P.) microptera transcaucasica Uvarov, 1917 *

Eremippus Uvarov, 1926

202 E. angulatus Uvarov, 1934 * *

203 E. gracilis Uvarov, 1934 * *

204 E. turcicus Ramme, 1951 * *

205 E. simplex simplex (Eversmann, 1859) *

206 E. zeybekoglui Mol, 2012 * *

Stenobothrus Fischer, 1853

207 S. stigmaticus stigmaticus (Rambur, 1839) *

208 S. zubowskyi Bolivar, 1899 * * *

209 S. burri Karabağ, 1953 * * *

210 S. lineatus lineatus (Panzer, 1796) * *

211 S. fischeri fischeri (Eversman, 1848) * * *

212 S. nigromaculatus nigromaculatus (Herrich-Schäffer, 1840) * *

213 S. nigromaculatus transcaucasicus Ramme, 1933 * *

214 S. werneri werneri Adelung, 1907 * *

215 S. sviridenkoi Ramme, 1930 *

216 S. bozcuki Çıplak, 1994 * *

217 S. graecus malatyensis Çıplak, 1994 * *

218 S. derrai Harz, 1988 * *

219 S. eurasius eurasius Zubovski, 1898 *

220 S. miramae Dirsh, 1931 * *

221 S. selmae Ünal,1999 * *

222 S. weidneri Demirsoy, 1977 * *

Stauroderus Bolívar, 1897

223 S. scalaris scalaris (Fischer-Waldheim, 1846) * *

224 S. scalaris znojkoi (Miram, 1938) *

Omocestus Bolivar, 1878

225 O. nanus Uvarov, 1934 * *

226 O. viridulus (Linnaeus, 1758) * *
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227 O. rufipes (Zetterstedt, 1821) *

228 O. haemorrhoidalis haemorrhoidalis (Charpentier, 1825) * *

229 O. haemorrhoidalis ciscaucasicus Mistshenko, 1951 * *

230 O. petraeus (Brisout de Barneville, 1856) * *

231 O. minutus (Brullé, 1832) * *

Euchorthippus Tarbinsky, 1926

232 E. declivus (Brisout de Barneville, 1848) * *

233 E. pulvinatus (Fischer de Waldheim, 1849) * *

234 E. transcaucasicus Tarbinski, 1930 *

Chorthippus Fieber, 1852

235 C. (C.) dichrous (Eversmann, 1859) * * * *

236 C. (C.) labaumei Ramme, 1926 * * *

237 C. (C.) karelini karelini (Uvarov, 1910) *

238 C. (C.) albomarginatus hakkaricus Demirsoy, 1977 * *

239 C. (C.) loratus (Fischer de Waldheim, 1846) * * * *

240 C. (Glyptobothrus) bozdaghi Uvarov, 1934 * *

241 C. (G.) demokidovi (Ramme, 1930) * *

242 C. (G.) helverseni Mol, Çiplak & Sirin, 2003 * *

243 C. (G.) ilkazi Uvarov, 1934 * * *

244 C. (G.) kazdaghensis Mol & Çiplak, 2005 * *

245 C. (G.) macrocerus macrocerus (Fischer de Waldheim, 1846) * * *

246 C. (G.) apricarius apricarius (Linnaeus, 1758) * *

247 C. (G.) apricarius major (Pylnov, 1914) * *

248 C. (G.) vagans vagans (Eversman, 1848) * * *

249 C. (G.) vagans dissimilis Willemse, Helversen et Odé, 2009 *

250 C. (G.) brunneus brunneus (Thunberg, 1815) * * * *

251 C. (G.) biguttulus biguttulus (Linnaeaus, 1758) * * * *

252 C. (G.) biguttulus euhedickei (Helversen, 1989) *

253 C. (G.) mollis mollis (Charpentier, 1825) * * * *

254 C. (G.) relicticus Sirin, Helversen & Çiplak, 2010 *

255 C. (G.) taurensis Şirin & Çıplak, 2005 * *

256 C. (G.) aktaci Ünal, 2010 * *

257 C. (G.) antecessor Şirin & Çıplak, 2010 * *

Pseudochorthippus Defaut, 2012

258 P. parallelus parallelus (Zetterstedt, 1821) * * *

Euthystira Fieber, 1852

259 E. brachyptera brachyptera (Ocskay, 1826) *

Rammeihippus Woznessenskij, 1996

260 R. turcicus (Ramme, 1939) * * *

Myrmeleotettix Bolivar, 1914

261 M. maculatus maculatus (Thunberg, 1815) * * *
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262 M. ethicus Şirin & Çıplak, 2011 * *

Dasyhippus Uvarov, 1930

263 D. escalerai (Bolivar, 1899) * *

264 D. uvarovi Karabağ, 1953 * *

Gomphocerus Thunberg, 1815

265 G. armeniacus dimorphus Karabağ, 1953 * *

266 G. transcaucasicus Mistshenko, 1951 * *

267 G. sibiricus sibiricus (Linnaeus, 1767) * * *

268 G. sibiricus acutus Karabağ, 1957 * *

269 G. sibiricus hemipterus Karabağ, 1953 * *

Aeropedellus Hebard, 1935

270 A. turcicus Karabağ, 1959 * *

Dociostaurus Fieber, 1853

271 D. (D.) maroccanus (Thunberg, 1815) * * *

272 D. (D.) salmani Demirsoy, 1979 * *

273 D. (Kazakia) brevicollis (Eversman, 1848) * * *

274 D. (K.) icconium Sirin & Mol, 2013 * *

275 D. (K.) tartarus Stshelkanovtzev, 1921 *

276 D. (K.) jagoi jagoi Soltani, 1978 * * *

277 D. (Stauronotulus) hauensteini hauensteini (Bolívar, 1893) * * *

278 D. (S.) hauensteini cappadocicus (Azam, 1913) * * *

Notostaurus Bey-Bienko, 1933

279 N. anatolicus (Krauss, 1896) * * * *

Subfamily Tropidopolinae Jacobson, 1905

Tropidopola Stal, 1873

280 T. longicornis longicornis (Fieber, 1853) *

281 T. graeca graeca Uvarov, 1926 * * *

Family Dericorythidae Jacobson &Bianchi, 1905

Subfamily Dericorythinae Jacobson & Bianchi, 1905

Dericorys Serville, 1838

282 D. tibialis (Pallas, 1773) * *

283 D. albidula Serville, 1838 * *

284 D. uvarovi uvarovi Ramme, 1930 *
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33. Şirin, D.; von Helversen, O.; Çıplak, B. Chorthippus brunneus subgroup (Orthoptera, Gomphocerinae) in Anatolia with description

of two new species: Data suggest an Anatolian origin for the lineage. Zootaxa 2010, 2410, 1–28. [CrossRef]
34. Kosswig, C. Zoogeography of the Near East. Syst. Zool. 1955, 4, 49–73. [CrossRef]
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Üniversitesi Ziraat Fakültesi Yayınları: Ankara, Turkey, 1949; p. 121.
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