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Abstract

The general distribution of the grasshopper Eremippus simplex (Eversmann, 1859) is described. Its
taxonomic position and ecological peculiarities are characterized. It is one of the most widespread
representatives of the genus and is the only species crossing the 52nd parallel in the north direc-
tion. The species is associated with dry steppes, semi-deserts and northern deserts and prefers habi-
tats with dominance of different low sagebrushes (Artemisia spp.) and salinized soils. In the southern
parts of Siberia and in the south-eastern parts of European Russia, its populations were and are very
rare and insular. The MaxEnt models generated for the contemporary period and for 2021-2040 and
2041-2060 according the Shared Socioeconomic Pathway 3-7.0 and the global climate model CNRM-
ESM2-1 provide an opportunity to evaluate the suitability of conditions for the species and show that,
in the future, the general character of its distribution may change quite slightly, but its populations may
become more prosperous in the future.
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Introduction

The genus Eremippus Uvarov includes about 40 species distributed from Anato-
lia and the Syrian Desert to the eastern parts of the Gobi Desert (Cigliano et al.
2025) and mainly associated with various deserts, semi-deserts and very dry steppes
(Pravdin and Mistshenko 1980; Sergeev 1986; Savitsky 2007; Terskov 2020). Mist-
shenko (1974) included the genus Eremippus in the tribe Dosiostaurini on the basis
of a comparative analysis of the external morphology and structure of the male
genitalia. According to Mistshenko, this tribe includes the genera Dociostaurus Fie-
ber, Notostaurus Bey-Bienko, Mizonocara Uvarov, Kazakia Bey-Bienko, Bodenhe-
imerella Uvarov, Eremippus Uvarov, and Xerohippus Uvarov. Over the decades since
Mistshenko's revision, views on the composition of this tribe have changed. The cy-
togenetic analysis showed clear differences between members of the genus Eremip-
pus and other studied species of the tribe (Bugrov et al. 1993). This conclusion is
partially supported by a molecular phylogenetic analysis (Guliaeva et al. 2005). Jago
(1996) revised the acridids close to the genera Dnopherula Karsch and Aulacoboth-
rus 1. Bolivar and suggested to include three other genera, namely Bodenheimerella
(= Leva 1. Bolivar), Eremippus and Xerohippus, in this complex. It corresponds to the
tribe Aulacobothrini, first identified as a taxonomically distinct group by Johnston
(1956) (Latchininsky et al. 2002; Sergeev et al. 2019).

Almost half of the described species of the genus Eremippus are known only
from their type localities (e.g. E. opacus Mistshenko, 1951 (Terskov 2020) and
E. sobolevi Sergeev et Bugrov, 1990 (Sergeev and Bugrov 1990; Savitsky 2007)),
and, therefore, can be qualified as the rare ones. Several species are endemics of
the arid mountains of the Eastern Caucasus (E. sobolevi), Kopet Dag (E. onerosus
Mistshenko, 1951), the Pamiro-Alay Mts. (E. veltistshevi Miram, 1935, E. nudus
Mistshenko, 1951, E. luppovae Mistshenko, 1951), the Saryjaz Range (E. hemipterus
Malkovskiy, 1968), and the Kunlun Mts. (E. heimahoensis Zhang et Hang, 1974),
where they inhabit the mountain deserts as well. A few species occur at the southern
parts of the steppe life zone of the East European Plain (E. costatus Serg. Tarbinsky,
1927, E. miramae Serg. Tarbinsky, 1927, E. opacus, E. simplex (Eversmann, 1859))
(Savitsky 2007; Terskov 2020), but only the last one is known from the steppes of the
West Siberian Plain (Zubowsky 1898; Berezhkov 1956; Sergeev 2021a). In addition,
it was mentioned for the southern part of Tuva as well (Sergeev 1985). Despite the
wide distribution of E. simplex across the southern steppes and the semi-deserts,
its local populations are normally sparse and its abundance is usually low (Savitsky
2007; Savitsky et al. 2013; Popova et al. 2020, 2021). Moreover, the first and last
findings of this species in West Siberia per se were at the end of the 19th century
(Zubowsky 1898), though, in the 1970s, it was caught in North-East Kazakhstan
(Popova et al 2020). Thus, E. simplex remains the very rare species in the steppes of
South Siberia. The aim of this article is to estimate its possible distribution in the
region now and in the future.
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Materials and methods

Original materials were gathered from 1976 until 2024 in the southern parts of
Siberia and in the northern, north-eastern and central parts of Kazakhstan. The
quantitative and qualitative samples of grasshoppers from natural and transformed
ecosystems were commonly used to reveal the species distribution patterns. Sam-
ples collected during a certain period of time were done in each habitat examined
(Gause 1930; Sergeev 1986, 1992). Using this approach, grasshoppers were caught
with a standard net over a period of 10-30 minutes. Some old materials, basically
from the field trips of Novosibirsk State University (1972-1980), were exploited as
well. We employed the Glonass/GPS handheld gadgets to find geographical coor-
dinates. For localities known until the end of 20th century, we used Google Earth
Pro (©Google, 2020) to estimate the same parameters. We have also used some data
on general distribution of the species from the collections of Zoological Institute
(Saint Petersburg) and from several publications (Zubowsky 1898; Bey-Bienko and
Mistshenko 1951; Tzyplenkov 1960; Lehr 1962; Malkovskiy 1964; Descamps 1967;
Stolyarov 1972; Tokgaev 1972; Chogsomzhav 1974; Pravdin 1978; Gorochov et al.
1989; Childebaev 1999; Savitsky 2007). Some localities mentioned in the articles
published before the middle of the 20th century were excluded from our analysis,
because they could belong to other species of the genus.

In June, 2024, we arranged the special field trip to check some possible localities
of Orthoptera commonly associated with the semi-deserts and the dry steppes and
discovered the population of E. simplex in the south-western part of the Altai Krai:
S Kulunda Steppe, Uzkaya Steppe, W Uglovskoye, dry steppe with salinized soil
(Figures 1 and 2), 51.37°N, 80.11°E, 05.06.2024, 9 larvae.

Figure 1. The central part of the Uzkaya Steppe (Altai Krai) (Photo M.G. Sergeev).
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, Syl
Figure 2. The habitat of Eremippus simplex in the Uzkaya Steppe (Photo M.G. Sergeev).

Our database of the E. simplex occurrences includes 79 records (See Suppl. ma-
terial 1: Table S1). The QGIS 3.18.3 software (QGIS, 2024) was used to produce
maps based on a Lambert conformal conic projection. The Maxent 3.4.4 software
(Phillips et al. 2006, 2017; Elith et al. 2011) based only on species occurrence data
was utilized to model the species ecological and geographic distribution. The filled
sets of the applicable bioclimatic variables at the 30 arcsecond spatial resolution
(Fick and Hijmans 2017; WorldClim 2022) were handled to generate the models.
The "Future climate data" for 2021-2040 and 2041-2060 downscaled from the global
climate model CNRM-ESM2-1 (Séférian 2018) at the 30 arcsecond spatial resolu-
tion and for the Shared Socioeconomic Pathway 3-7.0 (Meinshausen et al. 2020)
were used to foretell some possible shifts in the species distribution. The accuracy
of these models was estimated by the AUC (the area under the receiver operating
characteristic curve) values for a set of 25 replicates with cross-validation. The sig-
nificance of bioclimatic variables was rated on the basis of their predictive contribu-
tions and Jackknife tests.

Results

E. simplex was described as Stenobothrus simplex from "Kirgisensteppen” (mainly
corresponding to the steppe and semi-desert territories of contemporary Kazakh-
stan) (Eversmann 1859). Later, Uvarov (1926) erected the new genus Eremippus for
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this species and noted its main distinguishing traits from the tribe Stenobothrini.
All other species of the genus were described later. Moreover, identification of many
species is not too simple. This means some published data on the E. simplex distri-
bution may refer to its relatives (Savitsky 2007). In any case, the species is one of the
most widespread forms of the genus. The first data on the species distribution in
the southern part of the West Siberian Plain were published by Zubowsky (1898).
He mentioned E. simplex for several local points, namely Schtschedrucha (now
Shadrukha in the Altai Krai), Omsk, Balapan (the Balapan Steppe near the contem-
porary state border between Kazakhstan and Russia), and Pleschtscheev sav. (now
in Semey, the Abai Region, Kazakhstan). However, his notice concerning Omsk is
questionable, because the city is in the forest-steppe life zone, i.e. too north for the
species (Berezhkov 1956).

Ecological and geographic peculiarities of the species

The known range of E. simplex occupies the semi-arid and arid areas of Inner Asia,
from the Volga River on the west up to the Uvs Nuur Basin and the Gobi-Altai Mts.
on the east and from the southern steppes of the West Siberian Plain on the north up
to the mountains of North-East Iran and Hindu Kush on the south (Figure 3). These
territories include mainly the southern steppes of both the Ural Region and the
West Siberian Plain and the semi-deserts and the northern deserts of Kazakhstan,
Xinjiang, West Mongolia, and Tuva. In the southern parts of its range, E. simplex is
normally distributed across local mountain slopes with xerophilous vegetation.

70.0 80.0 90.0 100.0 110.0 120.0 130.0
0 500 1000 km
[

Figure 3. Distribution of Eremippus simplex.
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The species prefers dry habitats with short and sparse vegetation, in which low
sagebrushes (e.g. Artemisia frigida Willd., A. lerheana Weber ex Stechm., Artemi-
sia nitrosa Weber ex Stechm., A. turanica Krasch.), Atriplex verrucifera M. Bieb.,
Camphorosma monspeliaca L., Tanacetum vahlii DC., Poa bulbosa L., and Festuca
rupicola Heuff. (Tokgaev 1972; Pravdin 1978; Savitsky 2007) may be the common
dominants (Figure 2). According Savitsky (2007), the species feeds mainly on the
members of the genus Artemisia L. Its abundance is usually low (Savitsky 2007)
and, according our data, normally varies between 2 and 60 adults per hour, but, in
some cases, it can increase up to 344-642 per hour (at piedmont hills and plains
of Ile (Trans-1li) Alatau). Its populations are commonly insular, because it settles
limited types of habitats. However, in the dry steppes of North-East Kazakhstan,
E. simplex occurs also in some transformed ecosystems, from the old fields of the
crested wheat grass (Agropyron cristatum (L.) Gaertn.) up to local verges. In 2024,
in the dry steppe with salinized soil at the south-western part of the Altai Krai, the
orthopteran assemblage included not only E. simplex, but also widely distributed
orthopterans, Decticus verrucivorus (Linnaeus, 1758), Bicolorana bicolor (Philippi,
1830), and insects naturally associated with the steppes, namely Montana montana
(Kollar, 1833), Asiotmethis jubatus (Uvarov, 1926), Arcyptera microptera (Fischer de
Waldheim, 1833), and Dociostaurus brevicollis (Eversmann, 1848) (cf. Baturina et
al. 2024).

Ecological models of the species distribution

The model generated for the climatic conditions of the end of the last century un-
veils that the main part of the species range is in the eastern part of Kazakhstan and
includes the territories occupied by the dry steppes, the semi-deserts and the north-
ern deserts of Jetisu (Figure 4). In addition, relatively small areas with optimal com-
bination of climatic factors are in the Tien Shan Mts. and Hindu Kush. Less suitable
territories are at the steppes of the Volga River Basin, the South Ural Region and in
North-West Kazakhstan. The model is well supported statistically (AUC = 0.925).

The main bioclimatic variables explaining the species distribution are precipita-
tions of the warmest quarter, annual mean temperatures, precipitations of the driest
quarter, the mean diurnal range of temperatures, and the precipitation seasonality
(Table 1). The Jackknife test gives some opportunity to add maximum temperatures
of the warmest month, mean temperatures of the warmest quarter, and precipita-
tion amounts of the wettest quarter. Almost all important variables reflect the char-
acteristics of the arid temperate climate.

The models generated for the climatic conditions in the future prognosticate
some noticeable changes (Figure 5), especially in the western parts of the E. simplex
range. The areas with the optimal conditions may expand north and south and the
level of suitability can significantly increase across the northern and central areas of
the species distribution. In West Siberia, almost all territory of the Kulunda steppe
can become applicable for E. simplex.
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Figure 4. Predicted probabilities of suitable conditions for Eremippus simplex (all biocli-
matic variables for 1970-2000; point-wise means for 25 replicates with cross-validation).

Table 1. Predictive contributions for all data

Bioclimatic variable Percent contribution Permutation importance
1 - Annual mean temperature 22.3 10.3
2 — Mean diurnal range 8.7 0.2
3 - Isothermality 4 34
4 - Temperature seasonality 2.8 5.1
5 — Max temperature of warmest month 0.7 3.8
6 — Min temperature of coldest month 0 0

7 - Temperature annual range 0.5 0.1
8 — Mean temperature of wettest quarter 0.1 0.5
9 - Mean temperature of driest quarter 0 0

10 - Mean temperature of warmest quarter 2.7 4.3
11 - Mean temperature of coldest quarter 0.2 0

12 - Annual precipitation 0.9 9.2
13 - Precipitation of wettest month 6 1.4
14 - Precipitation of driest month 0.2 0

15 - Precipitation seasonality 6.1 0.5
16 - Precipitation of wettest quarter 0.2 0.1

17 - Precipitation of driest quarter 13.7 0.2
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Bioclimatic variable Percent contribution Permutation importance
18 — Precipitation of warmest quarter 30.3 55.3
19 - Precipitation of coldest quarter 0.6 5.5

Note: The most significant variables are marked in bold.
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Figure 5. Predicted probabilities of suitable conditions for Eremippus simplex (forecasts
of bioclimatic variables for 2021-2040 (A) and 2041-2060 (B) according the global climate
model CNRM-ESM2-1 (Séférian 2018); point-wise means for 25 replicates with cross-vali-
dation) and the 3-7.0 Shared Socioeconomic Pathway based on high greenhouse gas emis-
sions (Meinshausen et al. 2020).
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Conclusions

The rediscovery of E. simplex at the south of West Siberia more than a century after
its first and last reliable records has stimulated the analysis of the species’ general
distribution. It is one of the most widespread representatives of the genus and is
the only species crossing the 52nd parallel in the north direction. However, in the
southern parts of Siberia and in the south-eastern parts of European Russia, the
populations of E. simplex were and are very rare and insular, and they are not al-
ways able to find. As a result, the species can be included in regional Red Books.
The northern part of its range, the distribution of optimal areas and the predicted
changes are similar to those for the katydid Miramiola pusilla (Miram, 1927) nat-
urally associated with the steppes and the semi-deserts (Sergeev and Molodtsov
2024). In addition, E. simplex also resembles two grasshoppers mainly distributed
across the southern parts of the Kulunda Steppe and the steppes and semi-deserts of
the eastern parts of Kazakhastan, namely A. jubatus and Mesasippus arenosus (Bey-
Bienko, 1930) (Baturina et al. 2024).

However, across the adjacent territories, the situation with this species does not
cause alarm and some populations are in good conditions now and may become
more prosperous in the future, although it is forecasted that the general character of
its distribution may change quite slightly. Moreover, the species populations can ex-
ist in the several nature reserves (including some biosphere ones), namely Bogdo-
Baskunchak, Orenburg, Ubsunorskaya Kotlovina (Russia), Naurzum, Korgalzhyn,
Ustyurt, Alakol (Kazakhstan), Badhyz, Siint-Hasardag, Kopetdag (Turkmenistan),
Uvs Nuur Basin and Great Gobi (Mongolia). Nevertheless, the areas where the bio-
climatic conditions are very suitable for E. simplex overlap significantly with the
similar areas for several very important pests, primarily the Italian locust Callipta-
mus italicus (Linnaeus, 1858) (Sergeev et al. 2025). This means some treatments
against the Italian locust may lead to the extinction of the local E. simplex popula-
tions (Sergeev 1996, 1998, 2021b).
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