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Summary. The very rare grasshopper Aeropedellus reuteri (Miram, 1907) was
described from the southern parts of the Krasnoyask Region (Krai) in Russia. The
type localities of this species are the vicinities of Minusinsk (53.73°N, 91.67°E, one
male) and Ajeshka (54.93°N, 90.81°E, two males). It is also distributed in the
Republic of Khakassia and the Irkutsk Region (Oblast) (Russia). The general
distribution of A. reuteri is mapped and several ecologo-geographic models of the
species distribution are generated by the Maxent algorithm for the first time. Some
possible changes of the species range are discussed for the future periods (2021—
2040 and 2041-2060).

Key words: fauna, new record, range, modelling, climate change, Siberia,
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Pe3tome. Cubupckas xonbeHocka Aeropedellus reuteri (Miram, 1907) Obuia
OllIcCaHa C TEPPUTOpUM coBpeMeHHoro KpacHospckoro kpas. THIIOBbIE MecTo-
HaxoXJeHNs1 — okpecTHOCTH MunycuHcka (53.73°N, 91.67°E — camen, cuaTHI) H
Aémka (54.93°N, 90.81°E — 2 camma, cuHTHIBI). BUn Takxke pacmpocTpaHeH B
Pecrry6nuke Xakacust u Upkyrckoii o0mactu. KapTiupoBaH cOBpeMEHHBIHN apean BIIa
¥ C HCIIOJIb30BaHUEM aropuTMa Maxent BIiepBbIe CTeHEPHPOBAHBI 3KOJIOTO-Teorpadu-
YecKHe MOJENH ero pacnpocTpaHeHus. OOCYXIOaroTCsi BO3MOXKHBIE HM3MEHEHHUS
apeaina Buaa B oyaymem aist 2021-2040 u 2041-2060 rr.

INTRODUCTION

The species Aeropedellus reuteri was described as Gomphocerus reuteri by
Miram (1907) from the southern parts of the modern Krasnoyarsk Region (Krai).
The type series included 3 males (syntypes), one from the vicinities of Minussink
(Minusinsk) (53.73°N, 91.67°E) and two from Ajeschenskaja (now Ajeshka)
(54.93°N, 90.81°E). Later lkonnikov (1911) described Gomphocerus simillimus
from the vicinities of Minusinsk as well (male and female, 10.VI 1902) and Maly-
shevka in the modern Irkutsk Region (Oblast) (female, 3—12.VI 1898) (53.73°N,
103.37°E). Tarbinsky (1930) synonymized G. simillimus with G. reuteri. Later, he
tried to synonymize both with Dasyhippus variegatus (F.d.W.) (= Aeropedellus
variegatus (F.d.W.)) (Tarbinsky, 1931). Hebard (1935) erected the genus
Aeropedellus for Gomphocerus clavatus (Thomas) and G. variegatus (F. d.W.) and
synonymized G. reuteri and G. simillimus with G. variegatus as well. Mistshenko
(1951) resurrected the independent status of Aeropedellus reuteri. Thereafter,
ortopterists commonly followed him (Ivanova, 1967, 1968; Harz, 1975; Sergeev,
1986; Sergeev et al., 2020; Cigliano et al., 2025).

Although this grasshopper was mentioned as the pest species of the crop fields in
the Chulym-Yenisey Intermountain Basin, mainly in the Republic of Khakassia
(Mistshenko, 1972), it is reliably known from the several localities only and remains
one of the rarest species of Orthoptera in the steppes of South Siberia (Sergeev, 2021).
In the present article, we describe the actual data on its distribution and discuss the
main results of the ecologo-geographic modelling of its possible distribution in
Eurasia.

MATERIAL AND METHODS

We studied specimens caught during our field trips in 1995 and 2012 and stored
in the collections of the Institute of Systematics and Ecology of Animals (Novosi-
birsk), Novosibirsk State University (especially from the expedition in 1970), and
the Zoological Institute of the Russian Academy of Sciences (St. Petersburg). The
samples collected in 1995 were also used for molecular phylogenetic studies
(Chapco & Contreras, 2011) and for description of the species egg-pod (Chernya-
khovskii, 2006).



Maps were produced by Maplnfo 15.2.4. A Lambert conformal conic projection
was used as the basic map. The maximum entropy approach (Maxent 3.4.4)
(Phillips et al., 2006) and 19 standard annually averaged bioclimatic variables at the
30 arcsecond spatial resolution ("Historical climate data") (Fick & Hijmans, 2017,
WorldClim, 2022) were used to model the species distribution with the following
parameters: features — auto, output format — cloglog, regularization multiplier = 1.
The global climatic model CNRM-ESM2-1 (Séférian, 2018) for the 3—7.0 Shared
Socioeconomic Pathway (Meinshausen et al., 2020) was selected to predict possible
changes of the species distribution in the future.

Accuracy of modelling was estimated by using the AUC (the area under the
receiver operating characteristic curve) for sets of 13 replicates with cross-
validation, and the significances of bioclimatic variables were assessed by their
predictive contributions and Jackknife tests.

NEW RECORDS

Aeropedellus reuteri (Miram, 1907)
Fig. 1,2

Gomphocerus reuteri Miram, 1907: 6-7; Tarbinsky, 1930: 186.

Gomphocerus simillimus: Tkonnikov 1911: 98-99; Rubtsov, 1932: 54.

Dasyhippus variegatus (part.): Tarbinsky, 1931: 143; 1940: 27.

Aeropedellus variegatus (part.): Hebard, 1935: 187.

Aeropedellus reuteri: Mistshenko, 1951: 485; 1972: 90; Harz, 1975: 793; Sergeev, 1986:
206; Sergeev et al., 2020: 4-5.

Fig. 1. Aeropedellus reuteri (male, left fore leg). (Photo M. Sergeev)

MATERIAL EXAMINED. Russia: Republic of Khakassia: eastern (right) side of
Bely Iyus River, upstream of the mouth of Cherny Iyus River, S Kopyevo, 54.92°N,
89.85°E, southern slopes and upper terraces, dry steppes, 26-27.VII 1995, 53, 702
(A.M. Gusachenko, A.I. Lee, D.C. Stepanova, M.G. Sergeev); Batenevskiy Range,
S Pervomayskoye, 54.56°N, 90.8°E, southern slope, dry steppe, 17.VII 2012, several
adults observed (Sergeev); near Fyrkal Lake, 54.62°N, 89.79°E, steppes, 21.VI-
14.VIII 1970, 243, 479; Ust-Fyrkal, 54.64°N, 89.76°E, steppes, 09.VII 1970, 1443,
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239Q; 1.5 km E Fyrkal settlement, 54.64°N, 89.87°E, steppes, 26.VI 1970, 73, 49,
2 larvae; 1-1.5 km S Solionoozernoe (the former Forpost), 54.71°N, 89.88°E, steppes,
24 VI-24.VII 1970, 49; 4 km W Dzhirim, near Krasnen'koe Lake, 54.80°N, 90.32°E,
steppes, 29.VI 1970, 1, 4Q; near Bele Lake, 54.62°N, 90.17°E, steppes, 29.V1 1970,
23, 19; near Itkul Lake, 54.49°N, 90.06°E, steppes, 1969, 113, 112.

REMARKS. Almost simultaneously Tarbinsky (1931) and Hebard (1935) tried
to synonymize Ae. reuteri with Ae. variegatus. Hebard supposed that the specific
form of fore tibiac of Ae. reuteri (Fig. 1) is associated with some physiological
peculiarities of individual development. However, molecular data show that the
studied species of the genus Aeropedellus form one well supported clade (Chapco
& Contreras, 2011), but Ae. reuteri is well separated from other species studied (4.
variegatus and two North-American grasshoppers, namely Ae. arcticus Hebard and
Ae. clavatus (Thomas)).

DISTRIBUTION. Russia (Republic of Khakassia, the southern parts of Krasno-
yarsk Krai, and Irkutsk Oblast) (Fig. 2). The species was also mentioned for Mongolia
(Gankhuyag et al., 1971), but these data should be checked (see: Chogsomzhav, 1972;
Baturina et al., 2024a).

85.0 90.0 95.0 100.0 105.0 110.0
0 200 400 km

© Syntypes of Aeropedellus reuteri and A. simillimus
© Syntype of Aeropedellus simillimus

© Syntype of Aeropedellus reuteri

® Other localities

Fig. 2. Known localities of Aeropedellus reuteri.
ECOLOGICAL PREFERENCES

Our observations show Aeropedellus reuteri prefers different dry steppes, often
stony, with dense but short vegetation with dominance of diverse grasses and forbs
(Fig. 3). The abundance of this species is relatively low, but sometimes it may be
very common. Myrmeleottetix palpalis (Zub.) and Stenobothrus nigromaculatus
(H.-S.) are usual dominants in such habitats.
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Fig. 3. Aeropedellus reuteri (female) in the dry steppe on the southern slope (Khakassia).
(Photo M. Sergeev)

ECOLOGO-GEOGRAPGICAL MODELS OF DISTRIBUTION

The model of the current species distribution explicitly corresponds with the
known findings in the Republic of Khakassia and the southern parts of the Kras-
noyarsk Region (Fig. 4). However, the optimal area stretches out northwestward
across the Achinsk-Mariinsk forest-steppe. In addition, some isolated areas suitable
for this species are distributed in the southern parts of the taiga in West Siberia, in
the central and eastern parts of Mongolia, and in North-East China.

The model performance is perfect, because the AUC value is 0.987 (Fig. 5).
Precipitations of the wettest month is the most important factor (contribution —
31.9%), precipitations of the warmest quarter (27.6%), mean temperatures of the
wettest quarter (21.2%), and mean temperatures of the driest quarter (10.2%) are
also distinguished. The Jackknife test allows to add some other variables, such as
annual mean temperatures and mean temperatures of the coldest quarter.

For the 2021-2040 and 2041-2060, evident declining of species distribution is
foretold inside the contemporary range, i.e. in the Republic of Khakassia and the
southern parts of the Krasnoyarsk Region (Fig. 6). On the contrary, suitability of
conditions may significantly increase in regions between Baikal Lake and the Great
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Fig. 4. Predicted probabilities of suitable conditions for Aeropedellus reuteri according the
Maxent model (all distribution data and bioclimatic variables for 1970-2000; point-wise
mean for 13 replicates).
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Fig. 5. Reliability test for Aeropedellus reuteri (Maxent distribution model based on 19
bioclimatic variables for 1970-2000; 13 replicates with cross-validation).
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Khingan Mts. (mainly in the Republic of Buryatia and Zabaykalsky Region (Krai))
and also along the northeastern foothills of the East Sayan Mts. Moreover, for the
middle of the 21st century, small areas with applicable environments are forecasted
over some southern parts of the taiga in West Siberia, in North-East China and in
the Qilian Mts. (N China). However, all these terrains are located far beyond the
known range of Ae. reuteri.
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Fig. 6. Predicted probabilities of suitable conditions for Aeropedellus reuteri (forecasts of
all bioclimatic variables for 2021-2040 (A) and 2041-2060 (B) according the global climate
model CNRM-ESM2-1 (Séférian, 2018) and the 3—7.0 Shared Socioeconomic Pathway (Mein-
shausen et al., 2020), point-wise mean for 13 replicates).
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CONCLUSION

The genus Aeropedellus Hebard is distributed across two continents, Eurasia
and North America, and includes more than 20 described species (Cigliano et al.,
2025). A few species are widely distributed in the northern parts of the Holarctic
Region (Sergeev, 2011) and penetrate the tundra life zone. However, the main part
of species is associated with dry grasslands of Inner Asia (Sergeev, 2021) and their
distribution is usually limited. Despite the fact that researchers have large series of
Ae. reutei at their disposal, the species remains one of the rarest acridid species in
the steppes of the temperate Asia, because it is validly known only from about 15
localities. Moreover, in 2024, some attempts to find it near Solionoozernoe in
Khakassia turned out to be unsuccessful, notwithstanding Ae. reuteri was cought in
this area in 1970.

The whole known range of Ae. reuteri is limited by the Chulym-Yenisey and
Minusinsk Intermountain Basins (depressions) and also by the so-called Balagansk
Steppe near the Angara River. Perhaps, it includes the Achinsk-Mariinsk forest-
steppe as well (Figs 2, 4). Its predicted range occupies about 72,330 km?. However,
the models generated for 2021-2040 and 2041-2060 show its possible contractions
up to 53,530 and 26,680 km” respectively (inside the region between the Ob River
and Baikal Lake).

The dispersal capacities of these grasshoppers are limited, because they are
brachypterous. The number of the species local populations can be assessed as at
least 15-20. Concerning its conservation status, the species may be characterized as
Data Deficient (DD) (IUCN, 2001). Its populations are protected in the Khakassia
State Nature Reserve (perhaps almost all steppe sites). However, some eastern
populations of Ae. reuteri could be eliminated as the result of the construction of
the Bratsk Dam and subsequent flooding of the local flood-plains and low terraces.

The comparative analysis of the models produced for Ae. reuteri and another
relatively rare member of the genus, namely Ae. baliolus Mistsh., shows quite similar
trends as significant reductions in the areas of optimal habitats. The comparable
pattern was revealed for the rare Daurian bush-cricket Uvarovina daurica (Uvarov)
(Sergeev et al., 2024). However, the models generated for other orthopteran species
studied, both rare and abundant, often display very different patterns. For instance,
the models generated for the bush-crickets Bicolorana bicolor (Philippi) (Baturina
et al., 2024b), Montana striata (Kittary) (Sergeev & Molodtsov, 2022), and
Miramiola pusilla (Miram) (Sergeev & Molodtsov, 2024), the grasshoppers
Oedaleus decorus (Germar) (Popova et al., 2022), Asiotmethis jubatus (Uvarov)
and Mesasippus arenosus (Bey-Bienko) (Baturina et al., 2024a) show some
opportunities of the northward shifts of the regions with very suitable conditions.
Paradoxically, but the models created for two common species widely distributed
across the Siberian steppes, namely Angaracris barabensis (Pallas) (Pashkova et
al., 2024) and Celes skalozobovi Adel. (Allayarova et al., 2024), allow to forecast
some opposite trends for each species: suitability decreasing in the western parts of
their ranges and its increasing or inalterability in the central and eastern parts.
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