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ABSTRACT. The spatial distribution of the two-co-
loured bush-cricket Bicolorana bicolor over the Asian
part of its range is characterized by the set of known
localities for the first time. Abundance levels and gen-
eral ecological preferences of the species are described.
The first Maxent models of the B. bicolor distribution
were generated for 3 periods (current, 2021-2040,
2041-2060) and 3 Shared Socioeconomic Pathways.
The species is widely distributed in temperate Asia and
its populations occur in many applicable habitats (es-
pecially in plain and mountain meadows and meadow
steppes). In several areas of Kazakh Uplands and the Al-
tai Mts., the species populations may be very abundant.
The predicted changes in the B. bicolor distribution are

significant and relatively unidirectional. The optimal ar-
eas may shift northward and northeastward.

PE3IOME. BrniepBbie 0 COBOKYIMHOCTH M3BECTHBIX
MECTOHAXOKJICHUHA OXapaKTepHU30BAHO PACHpPOCTpaHe-
HHUe JBYI[BeTHOro ckauka Bicolorana bicolor B a3uar-
CKOH yacTu ero apeana. OnucaHbl ypOBHH YHCIEHHOCTH
u o0IIMe SKOJIOTHYEeCKHe MpennodYTeHus Buaa. Brep-
BbIC CTCHEPUPOBAHbI MOJIEIH pactpenenenus B. bicolor
METOJIOM MAaKCUMAJIbHOM SHTPONUHU [UIsl TPEX HEPUO-
JI0B (coBpeMeHHOCTh, 2021-2040, 2041-2060 rr) u s
TPEX CIEHAPUEB COUMAIBHO-3KOHOMHYECKOTO pa3BH-
tu. ITokazaHo, 4TO BUJ IIMPOKO PAaCIPOCTPAHEH B yMe-
PEHHBIX palioHaxX A3UHM, a €ro MOIMYJISIIUU BCTPEUAIOTCS
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B Pa3IMYHBIX MPHUTOIHBIX MECTOOOUTAHMSX (0COOCHHO
Ha PaBHUHHBIX U TOPHBIX JyTraxX U B JIyTOBBIX CTEIISX).
B nexoropeix paiioHax Kazaxckoro MeiakocornoyHuka u
TopHoro AnTas momysisiuu BHJA MOTYT OBITh MHOTO-
yuCJeHHbIMU. [Iporno3upyemMble U3MEHEHUs B PACIIPO-
ctpaneHun B. bicolor sHaunTEeNBHBI ¥ CPABHUTENBHO OfI-
HOHarpasieHbl. OnTUMaIbHbIE Ul BUa pailoHBI 00U-
TaHMsI MOTYT CMECTHTBCSI Ha CEBEP U CEBEPO-BOCTOK.

Introduction

The two-coloured (or bicolor meadow) bush-cricket
Bicolorana bicolor (Philippi, 1830) is widely distributed
species across the southern parts of the temperate for-
est areas, the forest-steppes and the steppes of Eurasia.
A. Liana [1987] published the map of the species range,
but some data concerning the species distribution in the
Asian part of its range were missed (cf. Storozhenko
[2004]). However, this part of the species range is very
important, because its local populations are numerous and
often abundant. The goals of this paper are, first, to char-
acterize the general distribution of Bicolorana bicolor in
the Asian part of its range, second, to produce the species
distribution models based on several sets of bioclimatic
variables for different periods (contemporary and future)
and, third, to compare these models and to discuss some
possible shifts in the species distribution.

Materials and Methods

We collected data on the species distribution from 1976
until 2023 in the Asian parts of its range: from the Ural Mts.
on the west and Pacific Ocean on the east and mainly between
the southern border of the taiga life zone (about S6°N), and the
southern border of the temperate deserts (about 40°N) includ-
ing the Tien (Tian) Shan and Tarbagatai Mts. The native veg-
etation of these areas was quite diverse and included different
forests, forest-steppes, steppes, semi-deserts, and northern des-
erts. However, many local ecosystems were transformed and are
used as agricultural fields and rangelands [Isachenko, 1985].
There were and are different meadows, especially along local
river valleys and in mountains. Across the local plains, average
temperatures are relatively moderate (mean temperatures of the
warmest month are between 16 to 32°C, the same for the coldest
month may be from —4 to —37 °C), and average annual precipita-
tion amounts vary between 125 to 860 mm [Isachenko, 1985].

We described the species distribution on the basis of quan-
titative and qualitative samples from natural, semi-natural
and transformed ecosystems, usually in July and August. Two
main quantitative methods were used: (1) sampling during a
fixed period of time in each habitat studied [Gause, 1930; Ser-
geev, 1986, 1997]: insects were collected with a standard net
(commonly 40 cm diameter) over a period of 10-30 minutes
and results have been recomputed to an hour; (2) the standard
sweep nettings were done (from 50 to 200 sweep numbers) and
results have been recalculated to 100 sweeps.

We estimated geographic coordinates by the Glonass/GPS
handheld devices during our field studies after 1998 and also
used Google Earth Pro (©Google 2022) to determine them for
localities investigated before 2000. Besides our own data, we
used some old data too, especially collected during the field
trips of Novosibirsk State University (1960-1986) and the
Institute of Systematics and Ecology of Animals (the former
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Biological Institute, Novosibirsk, Russia). We also used the
data from different publications [Zubowsky, 1900; Adelung,
1906; Pylnov, 1911; Bey-Bienko, 1925, 1927, 1930, 1949;
Tarbinskij, 1925; Wnukowskij, 1926; Miram, 1928; Nefedov,
Miram, 1939; Popov, 1965; Cejchan, 1968; Mistshenko, 1968;
Bazyluk, 1970, 1972; Chogsomzhav, 1972, 1974; Akulova,
2008; Ermakova, 2014] and data from the collections of No-
vosibirsk State University, Gorno-Altaisk State University,
and the Institute of Systematics and Ecology of Animals. The
studied specimens are chiefly in the collections of Novosibirsk
State University, the Institute of Systematics and Ecology of
Animals (Novosibirsk), and the Federal Scientific Center of
the East Asia Terrestrial Biodiversity (Vladivostok). Our set
of data includes the geographic coordinates of 216 localities.

To generate the species distribution models over the Asian
parts of B. bicolor range we used the machine learning, maxi-
mum entropy modelling, namely Maxent 3.4.4 [Phillips et al.,
2006, 2017; Elith et al., 2011]. This approach is based only on
presence data. To generate the Maxent models we used the full
sets of the applicable bioclimatic variables at the 30 arcsecond
spatial resolution [Fick, Hijmans, 2017; WorldClim, 2022] to
compare results for the same territory, but for different peri-
ods. We rated accuracy of these models by using the AUC (the
area under the receiver operating characteristic curve) values
for sets of 25 replicates with cross-validation. Significance of
climatic variables was determined on the basis of their predic-
tive contributions and Jackknife tests. To forecast some pos-
sible shifts in the species distribution the “Future climate data”
(19 standard averaged bioclimatic variables) for 2021-2040
and 2041-2060 downscaled from the global climate mod-
el CNRM-ESM2-1 (Centre National de Recherches M¢é-
téorologiques and Centre Européen de Recherche et de Forma-
tion Avancée en Calcul Scientifique, France) [Séférian, 2018]
at the 30 arcsecond spatial resolution and for the three Shared
Socioeconomic Pathways (1-2.6, 2-4.5, 3-7.0) [Meinshausen
et al., 2020] were used. A Lambert conformal conic projec-
tion was chosen as the basic map. Maps of species distribution
were generated on the basis of geographic coordinates with
QGIS 3.18.3.

Results

GENERAL DISTRIBUTION. Bicolorana bicolor
occurs mainly across the southern parts of the forest
life-zone, the forest-steppes and the steppes. In Europe,
its range occupies territories mainly between North and
Baltic Seas on the north and the northern boundary of
Mediterranean Europe on the south. However, the lo-
cal populations of the species occur in the southernmost
parts of Sweden [Kindwall, 1995], in the Pskov Region
(Russia) [Ozerski, 2019] and in the south taiga of the
Komi Republic (Russia) [Kulakova, Tatarinov, 2020].
It is known from the steppes of East European Plain
[Medvedev, 1928]. B. bicolor is also distributed across
the mountains of Mediterranean Europe [Puissant,
Voisin, 1999; Fontana et al., 2004; Agabiti, Fontana,
2005; Bramanti, 2017; Mulder, 2023], the Crimean
(Yayla) Mts. [Likhovid, 1997], and the Caucasus [Mul-
der, Mulder, 2020]. However, all specimens from the
Caucasus should be checked, because they may belong
to Bicolorana burri (Uvarov) [Tarbinsky, 1940].

Bicolorana bicolor is more or less common in the cen-
tral parts of Europe and is associated with meadows and
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Fig. 1. General distribution of Bicolorana bicolor across the Asian part of the species range.
Puc. 1. Pacnipocrpanenue Bicolorana bicolor B asuarckoii yactu apeana Buza.
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Fig. 2. Predicted probabilities of suitable conditions for Bicolorana bicolor (all bioclimatic variables for 1970-2000; point-wise means for
25 replicates with cross-validation).

Puc. 2. Onenka npuroxHocti Mmectooburanuii Bicolorana bicolor (sce 6noknmumarmdeckue nmepemennsie st mepuopa 1970-2000 rr.; cpemrne
IO TIMKCEJISIM 110 25 MOBTOPHOCTSIM ¢ KPOCCBAJIUIAIINEIH).
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Fig. 3. Reliability test for the Bicolorana bicolor distribution model (all bioclimatic variables for 1970-2000; 25 replicates with cross-validation).
Puc. 3. Tecr Ha HazexkHOCTH Mojenu pacnpoctpadenust Bicolorana bicolor mo miomaan mox kpusoit (AUC) (Bce OGHOKIMMATHYECKHE
nepeMeHHbIe 11 teproaa 1970-2000 rr.; 25 moBTOPHOCTEH ¢ KPOCCBAIMIAHCH).

Table 1. Predictive contributions for all data.
Tatéimua 1. [IpenckasarenbHblil Bag OHOKINMATHYSCKUX EPEMEHHBIX.

Bioclimatic variables Percent contribution | Permutation importance

I — Annual mean temperature 27.7 26.1
2 — Mean diurnal range 7.4 3.6
3 — Isothermality 6.9 5.9
4 — Temperature seasonality 1.6 143
5 — Max temperature of warmest month 0.9 6.1
6 — Min temperature of coldest month 6.5 0.9
7 — Temperature annual range 1 2.8
8 — Mean temperature of wettest quarter 0.9 0.1
9 — Mean temperature of driest quarter 0.5 1.7
10 — Mean temperature of warmest quarter 23 9
11 — Mean temperature of coldest quarter 0.3 4.1
12 — Annual precipitation 1.5 0.1
13 — Precipitation of wettest month 0.4 4.7
14 — Precipitation of driest month 10.8 0.2
15 — Precipitation seasonality 2.9 39
16 — Precipitation of wettest quarter 35 4.2
17 — Precipitation of driest quarter 0.1 1.3
18 — Precipitation of warmest quarter 12.5 2.9
19 — Precipitation of coldest quarter 2.3 7.9

In bold —four most significant variables
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steppes [Dobrolyubova, Yakushov, 2013; Kristin et al., 2020
etc.], but it is rare near the northern boundary of the species
range [Kindwall, 1995; Ozerski, 2009]. In some popula-
tions, macropterous adults could be very abundant [Nadig,
1986]. However, flight possibilities of the macropterous
form are under question [Heidinger et al., 2018]. In any case,
B. bicolor can passively migrate with hay [Wagner, 2004].

In Asia, the species range covers a vast territory
from the Ural Mts. to Sakhalin Island and containing the
southern parts of the forest life zone (including conifer-
ous forests), all forest-steppes and steppes (except the
steppes of North China) (Fig. 1). B. bicolor is widely
but locally distributed across the Republic of Sakha
(Yakutia), except its north-western and northern parts
[Ermakova, 2014]. It also occurs in Saryarka (Kazakh
Uplands), Tarbagatai and the Tien Shan Mts. The spe-
cies was also mentioned for the desert areas of Ustyurt
Plateau in Uzbekistan [Bazarbaeva et al., 2022], but this
mention is evidently based on misidentification of the
specimen from the genus Bergiola which is widely dis-
tributed across Turan Plain.
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In the Asian parts of its range, B. bicolor is also asso-
ciated with different meadows and steppes. For instance,
in the forest-steppes of the south-western parts of West
Siberian Plain, it occupies almost all applicable habitats
from wet meadows up to relatively dry steppe plots and
its abundance is relatively high [Nefedov, Miram, 1939].
The similar pattern was described for the south-eastern
parts of this Plain [Sergeev, 2019, 2021; Sergeev, Efre-
mova, 2020]. In the North Tien Shan Mts., the species
occurs over the mountain steppes and meadows as well
[Myrzaliev, 1988; our data]. It prefers altitudes between
900 and 2000 m.

The population distribution of B. bicolor looks like
insular, because the species is absent or almost absent
on both meadows with high vegetation and the typi-
cal and dry steppes. Its abundance is usually moderate
and varies between 6 and 60 insects per hour. However,
B. bicolor may be abundant in some meadow habitats.
In the forest-steppes of the south-eastern part of West
Siberian Plain, its maximal registered abundance was
120 per hour, in the Bayanaul Mts. (Kazakh Uplands) —

Jackknife of regularized training gain for Bicolorana_bicolor
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Fig. 4. Jackknife test for the Bicolorana bicolor distribution model (all bioclimatic variables for 1970-2000; 25 replicates with cross-validation).
Puc. 4. Tect ckiaqHOrO HOXa MozeNH pacpocrpaneHus Bicolorana bicolor (sce Gnokmmarnaeckue nepemennsie st nepuoga 1970-2000 rr;

25 MOBTOPHOCTEH ¢ KPOCCBAJIUIALINECH).
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484 and, in different meadow habitats of North and Cen-
tral Altai, it usually varied between 230 and 594 speci-
mens per hour. The species is found across roadsides,
irrigation channels, lawns, and forest clearings as well.
DISTRIBUTION MODELLING. The species distri-
bution model for the contemporary period (Fig. 2) corre-
sponds very well to the distribution of known localities
(Fig. 1). However, it shows that some areas with very
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suitable conditions are distributed outside the known
species range. Some of them are in the steppe territo-
ries of North China. The model is well supported with
AUC =0.911 (Fig. 3).

The annual mean temperatures are the most signifi-
cant variable (Table 1 and Fig. 4). Besides, precipitations
of the warmest quarter, the annual temperature ranges,
and precipitations of the driest month are important as

Fig. 5. Predicted probabilities of suitable conditions for Bicolorana bicolor (forecasts of bioclimatic variables for 2021-2040 and 2041-2060
according the global climate model CNRM-ESM2-1 [Séférian, 2018]; point-wise means for 25 replicates with cross-validation): a, ¢, e — 2021—
2040; b, d, f —2041-2060; a, b — the 1-2.6 Shared Socioeconomic Pathway based on low greenhouse gas emissions [Meinshausen et al., 2020].
Puc. 5. Ouenka npurogHocti Mecrooduranuii Bicolorana bicolor o Bcem naHHbIM 0 pacpocTpaHeHHHU BH/Ia U IPOTHO3HBIM OMOKIIMMATHIECKUM
nepeMeHHbIM Jis ieproioB 2021-2040 u 2041-2060 rr. 1o mobanbHoU kirMaruueckoid Mozennn CNRM-ESM2-1 [Séférian, 2018] (cpennue
10 TIMKCEJSIM [0 25 MOBTOPHOCTSIM C KpoccBaiuaanuei): a, ¢, ¢ — 2021-2040 rr; b, d, f — 2041-2060 rr; a, b — 10 clEeHapuio COLHAIBHO-
9KOHOMHYECKOTO pa3BUTHs 1—2,6 (HEBBICOKHI yPOBEHb SMHCCHH MAPHUKOBBIX ra3oB) [Meinshausen et al., 2020].
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well (Table 1). The Jackknife test allows to add several
other variables as the important ones (Fig. 4): mean tem-
peratures of the warmest quarter, maximal temperatures
of the warmest month, mean temperatures of the wettest
quarter, and minimal temperatures of the coldest month.

The comparative analysis of the species distribution
models generated for the contemporary period and for
two periods in the future (2021-2040 and 2041-2060)
(Fig. 5) shows that the optimal areas for B. bicolor will
shift northward and northeastward: in West and Cen-
tral Siberia — up to Khanty-Mansiysk (61°N) near the
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confluence of the Ob and Irtysh Rivers and Yeniseysk
(56°N) near the confluence of the Yenisei and Angara
Rivers, and in the Far East — up to the northern parts
of Khabarovsk Region (Krai) (58-59°N). Besides, the
southern and central parts of the Republic of Sakha
(Yakutia) may become relatively suitable for this bush-
cricket. On the contrary, applicability of the central parts
of Kazakhstan, North Mongolia and North China will
decrease. These trends look like uniform and increase
from now to 2041-2060 and from the scenarios of the
low to the high levels of greenhouse gas emissions.

Fig. 5. ¢, d — the 2—4.5 Shared Socioeconomic Pathway based on intermediate greenhouse gas emissions [Meinshausen et al., 2020].
Puc. 5. ¢, d — 10 CIIEHAPHIO COLHANBHO-DKOHOMHIECKOTO pa3BuTHsi 2—4,5 (CpeaHuil ypoBEeHb YMUCCHHU MAPHUKOBBIX ra3oB) [Meinshausen et al.,

2020].
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Discussion

The European populations of B. bicolor were as-
sessed for the IUCN Red List of Threatened Species
[Hochkirch et al., 2016]. It was listed as Least Concern,
and, in Europe, its colonies remain more or less com-
mon. The species occurs in some natural reserves, e.g. in
the Mordovia State Nature Reserve [Ruchin, Mikhailen-
ko, 2018] and the Askaniya-Nova Biosphere Reserve
[Medvedev, 1928]. Our data show that, in Asia, the spe-
cies is widely distributed, its populations occur in many
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applicable habitats (especially in plain and mountain
meadows and meadow steppes). In several areas of Ka-
zakh Uplands and the Altai Mts., the species populations
may be very abundant. B. bicolor is also known from the
local natural reserves, such as the Ilmen State Reserve in
the Ural Mts. [Lagunov, 2006], the Bayanaul National
Park in Kazakh Uplands [Kadyrbekov et al., 2017; our
data], the Troitsk Forest-Steppe Reserve (now the so-
called zakaznik in the Chelyabinsk Oblast) [Nefedov,
Miram, 1939], the Lazovsky and Kedrovaya Pad Nature
Reserves in the Far East [Storozhenko, 2006, 2009].

Fig. 5. ¢, f — the 3—7.0 Shared Socioeconomic Pathway based on high greenhouse gas emissions [Meinshausen et al., 2020].
Puc. 5. e, f — 10 crieHapuio CONMAaIbHO-IKOHOMIYECKOTO pasBuTus 3—7,0 (BBICOKHIT YPOBEHb SMUCCHH MTAPHUKOBBIX ra3oB) [Meinshausen et al.,
2020].
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Comparisons between the models produced for sev-
eral species of the long-horned Orthoptera from tem-
perate Asia, namely B. bicolor, Miramiola pusilla (Mi-
ram) [Sergeev, Molotsov, 2024], and Paracyphoderris
erebeus Storozhenko [Storozhenko et al., 2023] show
quite different trends. Shifts forecasted for P. erebeus
are very weak, almost unrecognizable. Some predicted
changes in the distribution of M. pusilla look like discor-
dant. However, the possible shifts in the distribution of
B. bicolor are significant, relatively unidirectional and
match to the global warming trends.

Conflict of interest
All authors declare no conflicts of interest.

Acknowledgments

Our researches were financially supported by the
grant of the Russian Science Foundation 22-66-00031
(https://rscf.ru/en/project/22-66-00031). We cordially
thank all our colleagues (especially O.V. Denisova,
O.V. Ermolaeva, 1.G. Kazakova, A.I  Lee,
V.M. Murav'eva, O.V. Yefremova), students and driv-
ers for their valuable help during collecting field data.
In 2008-2018, our field studies were also supported by
several grants from the Russian Foundation for Basic
Researches (08-04-9228, 16-04-00706).

References

Adelung N.N. 1906. [To the knowledge of Orthoptera fauna of the To-
bolsk Province] // Ezhegodnik Tobolskogo gubernskogo muzeia.
Vol.15. P.1-18 [in Russian].

Agabiti B., Fontana P. 2005. The Orthoptera of the Trentino: ecologi-
cal and biogeographical considerations // Biogeographia. Vol.26.
P.113-128.

Akulova G.A. 2008. [Orthoptera of East Transbaikalia]. PhD Thesis.
Novosibirsk: Institute of Systematics and Ecology of Animals.
122 pp. [In Russian]

Bazarbaeva D., Medetov M., Gulimbetov B., Radjapov M. 2022.
Fauna and formation of Orthopteroid Insects (Insecta: Orthop-
teroidea) Ustyurt Plateau // International Journal of Virology
and Molecular Biology. Vol.11. No.2. P.21-23. doi: 10.5923/j.
ijvmb.20221102.02

Bazyluk W. 1970. Ergebnisse der zoologischen Forschungen von Dr.
Z. Kaszab in der Mongolei. 214. Tettigonioidea (Orthoptera) der
[-1II Expedition // Acta Zoologica Academiae Scientiarum Hun-
garicae. Bd.16. H.3-4. S.345-356.

Bazyluk W. 1972. Ergebnisse der zoologischen Forschungen von Dr.
Z. Kaszab in der Mongolei. 294. Tettigonioidea (Orthoptera) der
IV-VI Expedition // Acta Zoologica Academiae Scientiarum Hun-
garicae. Bd.18. H.3—4. S.267-281.

Bey-Bienko G.Ya. 1925. [Materials concerning the fauna of Orthop-
tera of Altaj and adjacent steppes] // Trudy Sibirskoi Selskokho-
zyaistvennoi Akademii. Vol.5. P.37-56 [in Russian].

Bey-Bienko G.Ya. 1927. [The Orthopterous fauna of the northern part
of the province of Akmolinsk] // Russkoe Entomologicheskoe
Obozrenie. Vol.21. No.1-2. P.96-106 [in Russian].

Bey-Bienko G.Ya. 1930. Further studies on the Dermaptera and Or-
thoptera of Manchuria / The Annals and Magazine of Natural
History. Ser.10. Vol.5. P.493-500.

Bey-Bienko G.Ya. 1949. [Some peculiarities of the fauna of Orthop-
tera in the Ketmen Range in North-Eastern Tien Shan] // Doklady
AN SSSR. Vol.64. No.2. P.265-268 [in Russian].

Bramanti A. 2017. Note faunistiche su Bicolorana bicolor bicolor
(Philippi, 1830) ed Euthystira brachyptera (Ocskay, 1826) in
Italia (Orthoptera) // Onychium. T.13. P.31-34. doi: 10.5281/ze-
nodo.495564

161

Chogsomzhav L. 1972. [Acridoidea and Tettigonioidea of the Mongo-
lian People’s Republic] // Nasekomye Mongolii. Leningrad. Vol.1.
P.151-198 [in Russian].

Chogsomzhav L. 1974. [Orthopteroidea of West and South Mongolia]
// Nasekomye Mongolii. Leningrad. Vol.2. P.23-33 [in Russian].

Cejchan A. 1968. Ergebnisse der Mongolisch-tschechoslowakischen
entom.-bot. Expeditionen (1965, 1966) in der Mongolei. Nr.13:
Orthoptera: Tettigonioidea // Acta faunistica entomologica Musei
Nationalis Pragae. Bd.13. H.134. S.5-15.

Dobrolyubova T.V., Yakushov V.D. 2013. [Orthopterous insects on the
outskirts of Volkhonshchino village (Penza Region)] // Izvestiya
vysshikh uchebnykh zavedeniy. Povolzhskiy Region. Vol.4. No.4.
P.75-90 [in Russian].

Elith J., Phillips S.J., Hastie T., Dudik M., Chee Y.E., Yates C.J.
2011. A statistical explanation of MaxEnt for ecologists // Di-
versity and Distributions. Vol.17. P.43-57. doi: 10.1111/j.1472-
4642.2010.00725 x.

Ermakova Ju.V. 2014. [Fauna and ecology of Orthoptera of Yakutia].
PhD Thesis. Yakutsk: Institute of Biological Problems of Cryo-
lithozone. 175 pp. [In Russian]

Fick S.E., Hijmans R.J. 2017. WorldClim 2: New 1 km spatial resolu-
tion climate surfaces for global land areas // International Journal
of Climatology. Vol.37. P.4302-4315. doi: 10.1002/joc.5086.

Fontana P., Buzetti F.M., Tollis P., Vigna Taglianti A. 2004. The Or-
thopteroid insects of the Abruzzo, Lazio and Molise National Park
and surrounding localities (Central Apennine, S Italy) (Blattaria,
Mantodea, Orthoptera, Phasmatodea, Dermaptera) / Memorie
della Societa Entomologica Italiana. Vol.82. No.2. P.557-614.

Gause G.F. 1930. Studies on the ecology of the Orthoptera // Ecology.
Vol.11. P.307-325. doi: 10.2307/1930266

Heidinger .M.M., Hein S., Feldhaar H., Poethke H.-J. 2018. Biased
dispersal of Metrioptera bicolor, a wing dimorphic bush-cricket //
Insect Science. Vol.25. P.297-308. doi: 10.1111/1744-7917.12412

Hochkirch A., Willemse L.P.M., Szovenyi G., Rutschmann F., Presa
J.J., Kristin A., Kleukers R., Chobanov D.P. 2016. Bicolorana bi-
color (Europe assessment) // The TUCN Red List of Threatened
Species. €. T64550306A69679176. [Accessed on 29 February
2024].

Isachenko A.G. 1985. [Landscapes of the USSR]. Leningrad: Lenin-
grad University Publ. 320 pp. [In Russian]

Kadyrbekov R.H., Childebaev M.K., Zhdanko A.B., Tleppaeva A.M.,
Kolov S.V. 2017. [Impact of anthropogenic and abiotic factors on
the structure of the insect fauna of the steppe life zone of Kazakh-
stan in contemporary environments]. Almaty. 460 pp. [In Russian]

Kindwall O. 1995. The impact of extreme weather on habitat prefer-
ence and survival in a metapopulation of the bush cricket Me-
trioptera bicolor in Sweden // Biological Conservation. Vol.73.
P.51-58.

Kristin A., Jarc¢uska B., Kanuch P. 2020. An annotated checklist of
crickets, grasshoppers and their allies (Orthoptera) in Slova-
kia // Zootaxa. Vol.4869. No.2. P.207-241. doi: 10.11646/zoo-
taxa.4869.2.3

Kulakova O.1., Tatarinov A.G. 2020. [Fauna and landscape-zonal dis-
tribution of Orthoptera in the Komi Republic (Russia)] // Cauca-
sian Entomological Bulletin. Vol.16. No.1. P.15-20 [in Russian].
doi: 10.23885/181433262020161-1520

Lagunov A.V. 2006. [The Orthoptera (Insecta) fauna of the Ilmen
Reserve] // Izvestia Chelyabinskogo Nauchnogo Tsentra. Vol.1.
No.31. P.110-113 [in Russian].

Liana A. 1987. La variabilité morphologique de Metrioptera (Bicolo-
rana) bicolor (Phil.) (Orthoptera) / Annales Zoologici. T.40.
No.12. P.483-511.

Likhovid O.1. 1997. [Orthoptera assemblages of the Crimean Yayla] //
Sibirskiy Ecologicheskiy Zhurnal. Vol.4. P.297-299 [in Russian].

Medvedev (Medwedew) S.I. 1928. Materialen zur Kenntnis der
Geradfliiger (Orthoptera) von Askania-Nova und deren Gebietes //
Vseukrayin’ska Akademiya Nauk. Trudy Fisychno-Matematych-
nogo Viddilu. Vol.6. No.3. S.371-409.

Meinshausen M., Nicholls Z.R.J., Lewis J., Gidden M.J., Vogel E.,
Freund M., Beyerle U., Gessner C., Nauels A., Bauer N. et al.,
2020. The shared socioeconomic pathway (SSP) greenhouse gas
concentrations and their extensions to 2500 // Geoscientific Model
Development. Vol.13. P.3571-3605. doi: 10.5194/gmd-13-3571-
2020.



162

Miram E.F. 1928. [Data on the Orthoptera fauna of Yakutia] // Mate-
rialy Komissii po izucheniyu Yakutskoy Avnotomnoy Sovetskoy
Socialisticheskoy Respubliki. Vol.24. P.1-26 [in Russian].

Mistshenko L.L. 1968. [Orthopteroid insects (Orthopteroidea) collect-
ed by the entomological expedition of the Zoological Institute of
Academy Sciences of USSR in the Mongolian People’s Republic
in 1967] // Entomologicheskoe Obozrenie. Vol.47. P.482-498 [in
Russian].

Mulder J. 2023. New distributional data on the Orthoptera of Mon-
tenegro with new records for the country // Biodiversity Journal.
Vol.14. No.3. P.395-404. doi: Biodiv.Jour.2023.14.3.395.404

Mulder J., Mulder K. 2020. New distribution records of Orthoptera
in Georgia and a review of the country’s species list // Biharean
Biologist. Vol.14. No.2. Art.e201201. P.61-71.

Myrzaliev B.B. 1988. [Species composition and ecological assem-
blages of Orthoptera in the Kyrgyz Range] // Entomologicheskie
issledovaniya v Kirgizii. Vol.19. P.3—18 [in Russian].

Nadig A. 1986. Massenvermehrung und Makropterie bei Bicolorana
bicolor, Chorthippus parallelus und Arcyptera fusca (Insecta, Or-
thoptera) // Atti della Accademia Roveretana degli Agiati. Con-
tributi della Classe di Scienze Matematiche, Fisiche e Naturali
[Fasc. B]. Ser.6. Vol.26. S.135-139.

Nefedov N.I., Miram E.F. 1939. [About the fauna and ecology of Tet-
tigoniidae of the Troitsk Forest-Steppe Reserve] // Izvestia Bio-
logicheskogo nauchno-issledovatelskogo instituta pri Permskom
gosudarstvennom universitete. Vol.11. No.9-10. P.265-278 [In
Russian].

Ozerski P.V. 2019. [On the Bush-Cricket Fauna (Orthoptera, Tettigo-
niidae) of Pskov Region] // Amurskiy Zoologicheskiy Zhurnal.
Vol.11. No.1. P.17-20. doi: 10.33910/1999-4079-2019-11-1-17-20

Phillips S.J., Anderson R.P., Dudik M., Schapire R.E., Blair B. 2017.
Opening the black box: An open-source release of Maxent //
Ecography. Vol.40. P.887-893. doi: 10.1111/ecog.03049.

Phillips S.J., Anderson R.P., Schapire R.E. 2006. Maximum entropy
modeling of species geographic distributions // Ecological Model-
ling. Vol.190. P.231-259. doi: 10.1016/j.ecolmodel.2005.03.026.

Popov G.A. 1965. [On the change of the life-form rate of Orthoptera in
opening virgin steppes] // Trudy Vsesoyuznogo Entomologichesk-
0go Obshchestva. Vol.50. P.121-128 [in Russian].

Puissant S., Voisin J.-F. 1999. Metrioptera (Bicolorana) bicolor
(Philippi, 1830), espéce nouvelle pour les Pyrénées-Orientales,
son macroptérisme, comparaison avec M. (Roeseliana) azami
(Finot, 1892) (Orthoptera, Tettigoniidae) // Bulletin de la Société
entomologique de France. T.104. No.3. P.263-266. doi:10.3406/
bsef.1999.16578

Pylnov E. 1911. [Orthoptera of the Semirech'e (Zhetysu) Region.
Mantodea, Phasmatodea, Locustodea u Gryllodea] // Russkoe
Entomologicheskoe Obozrenie. Vol.11. No.3. P.363-373 [in Rus-
sian].

Ruchin A.B., Mikhailenko A.P. 2018. Fauna of mantids and orthopter-
ans (Insecta: Mantodea, Orthoptera) of the Mordovia State Nature
Reserve, Russia // Biodiversitas. Vol.19. No.4. P.1194-1206. doi:
10.13057/biodiv/d190403

Séférian R. 2018. CNRM-CERFACS CNRM-ESM2-1 Model Out-
put Prepared for CMIP6 CMIP Amip. Version 20211010 // Earth
System Grid Federation. (Accessed on 10 October 2021). doi:
10.22033/ESGF/CMIP6.3924.

N.S. Baturina et al.

Sergeev M.G. 1986. [Patterns of Orthoptera Distribution in North
Asia). Novosibirsk: Nauka Publ. 237 pp. [In Russian]

Sergeev M.G. 1997. Metapopulations of locusts and grasshoppers:
Spatial structures, their dynamics and early warning systems //
New Strategies in Locust Control. Basel et al.: Birkhauser. P.75—
80. doi: 10.1007/978-3-0348-9202-5_10.

Sergeev M.G. 2019. [The assemblages of Orthoptera in the south-east-
ern part of West Siberian Plain (the Karasuk River Basin), Russia]
// Euroasian Entomological Journal. Vol.18. No.4. P.255-264 [in
Russian]. doi: 10.15298/euroasentj.18.4.04

Sergeev M.G. 2021. Distribution patterns of grasshoppers and their kin
over the Eurasian steppes // Insects. Vol.12. Art.77. doi: 10.3390/
insects12010077.

Sergeev M.G., Efremova O.V. 2020. [Distribution patterns of assem-
blages of Orthoptera on plains following an west-east gradient
along the 55° N latitude in the south-eastern part of the West Si-
berian Plain] // Euroasian Entomological Journal. Vol.19. No.3.
P.117-123 [in Russian]. doi: 10.15298/euroasent;j.19.3.01

Sergeev M.G., Molodtsov V.V. 2024. New data on distribution of Mi-
ramiola pusilla (Miram, 1927) (Orthoptera: Tettigoniidae) // Far
Eastern Entomologist. N0.496. P.16-24. doi: 10.25221/fee.496.4

Sergeev M.G., Storozhenko S.Yu., Benediktov A.A. An annotated
check-list of Orthoptera of Tuva and adjacent regions. Part 1.
Suborder Ensifera // Far Eastern Entomologist. No.372. P.1-24.
doi: 10.25221/fee.372.1

Storozhenko S.Yu. 2004. [Long-horned orthopterans (Orthoptera: En-
sifera) of the Asiatic part of Russia]. Vladivostok: Dalnauka. 280
pp. [In Russian]

Storozhenko S.Yu. 2006. [Orthopteroid insects (Orthoptera, Blattop-
tera, Mantoptera, Grylloblattida, Dermaptera) of the Kedrovaya
Pad Reserve] // Flora i fauna zapovednika “Kedrovaya Pad”.
Vladivostok: Dalnauka. P.91-105 [in Russian].

Storozhenko S.Yu. 2009. [Order Orthoptera] // Nasekomye Lazovsk-
ogo zapovednika. Vladivostok: Dalnauka. P.46—50 [in Russian].

Storozhenko S.Yu., Molodtsov V.V., Sergeev M.G. 2023. The myste-
rious Amurian grig Paracyphoderris erebeus Storozhenko, 1980
(Orthoptera: Prophalangopsidae): new data on its distribution,
ecology and biology // Insects. Vol.14. Art.789. doi: 10.3390/in-
sects14100789

Tarbinskij S.P. 1925. [Materials concerning the orthopterous fauna of
the Province of Altai] // Russkoe Entomologicheskoe Obozrenie.
Vol.19. P.176-195 [in Russian].

Tarbinsky S.P. 1940. [The saltatorian orthopterous insects of the Azer-
baidzhan SSR]. Moscow, Leningrad: AN SSSR Publ. 245 pp. [In
Russian]

Wagner C. 2004. Passive dispersal of Metrioptera bicolor (Phillipi
1830) (Orthopteroidea: Ensifera: Tettigoniidae) by transfer of hay
// Journal of Insect Conservation. Vol.8. P.287-296.

Wnukowskij W. 1926. Zur Fauna der Orthopteren and Dermapteren
des Besirks Kamenj (siidwestliches Sibirien, fritheres Gouverne-
ment Tomsk) // Mitteilungen der Miinchner Entomologischen Ge-
sellschaft. Bd.5. S.87-92.

WorldClim. 2022. Available online: https://worldclim.org [accessed
on 21 December 2022].

Zubowsky N. 1900. Beitrag zur Kenntniss der sibirischen Acridiodeen
// Horae Societats Entomologicae Rossicae. Bd.34. S.1-23.



