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Abstract

Aim. Angaracris barabensis is widely distributed across the Asian
grasslands. It is often qualified as one of the important pests. The aim of
the paper is to estimate possible shifts of its distribution relative to global
warming.

The geographic coordinates of 384 localities were determined for the
species. Two different approaches to species distribution modelling
(maximum entropy and multidimensional ellipsoid envelope) were used.
The general patterns of distribution were described. Several models of the
species distribution were generated and compared. The main factors of its
distribution are revealed. Ecological modelling predicts opportunity of
possible northward shifts of the species range in Central and East Siberia
and persistence of areas of possible harmfulness in South Siberia,
Mongolia and North China.

Our predictions show two opposite trends. In the western and south-
eastern parts of the species range, suitability of conditions will decrease.
In the central and north-eastern parts, the suitability will remain almost
the same or even increase.

The comparative analysis shows there are no evident contemporary shifts
of range boundaries of A. barabensis associated with global warming per
se or this tendency is extremely weak. However, the distribution of
suitable conditions can change significantly during the next several
decades.

Key Words
Inner Asia, Acrididae, grasslands, steppe, range, population, modelling,
plant protection, forecast.

© 2024 The authors. South of Russia: ecology, development. This is an open access article under the terms of the Creative Commons
Attribution License, which permits use, distribution and reproduction in any medium, provided the original work is properly cited.

ecodag.elpub.ru/ugro/issue/current

75



SHTOMO/IOTMA

HOr Poccuun: akonorus, passutme 2024 T.19N 4

3aKOHOMEpPHOCTH pacnpocTpaHeHua 6bapabuHckom
Tpew,oTKun Angaracris barabensis (Pallas)

(Orthoptera: Acrididae)

Anuca W. Nawkosa?, Bnagumup B. Monoauos?, Cepreii 10. CtopoxkeHko?, Hatanba C. BatypuHa?,
Kpuctuna B. Monosa?, OkcaHa B. Eppemosa?, Muxaun . Ceprees’?

'HosocMbUpCKMii rocyaapcTeeHHbIi yHueepcuteT, Hosocnbupck, Poccua

2PepepanibHbIi HayuHbIN LEeHTp 6ropasHoobpasma HaseMHo 61oTbl BoctouHol Asum [1BO PAH, BnaamsocTok, Poccua
3MHCTUTYT CcMCTEMATMKM 1 3KOI0TMM MBOTHBIX CO PAH, HoBocnbupck, Poccus

KoHTaKTHOE nyo

Mwuxann I'. Ceprees, 4OKTOP BMONOrMYECKMX HAYK,
npodeccop, kKadeapa obueit Guonorumn n akonornm
1 nabopaTopua buoreomosennpoBaHuna n
3KomMHbOopMaTUKKM, HoBOoCMBUPCKNIA
rocyfapcTBeHHbIn yHusepcuTeT; 630090 Poccus,

r. Hosocubupck, ya. NMuporosa, 1.

Ten. +73833634194

Email mgs@fen.nsu.ru; mgsergeev@mail.com
ORCID https://orcid.org/0000-0003-2179-0921

dopmar uMTUpOoBaHUA

Mawkosa A.U., Monoguos B.B., CtopokeHko C.10.,
BatypwuHa H.C., Nonosa K.B., Eppemosa O.B.,
Ceprees M.I. 3aKOHOMEpPHOCTH pacnpocTpaHeHuA
6apabuHcKol TpewoTku Angaracris barabensis
(Pallas) (Orthoptera: Acrididae) // tOr Poccuu:
3Konorusa, passutme. 2024.T.19, N 4. C. 75-89.
DOI: 10.18470/1992-1098-2024-4-7

MonyyeHa 12 aBrycra 2024 .
Mpowna peueHsnpoBaHme 7 oKTabpa 2024 r.
MpuHaTa 15 okTAbpa 2024 .

Pesiome

Lenb. Angaracris barabensis — BwA, WWPOKO PACNpPOCTPAaHEHHbIW B
3/1aKOBHUKAxX A3uM. YacTo OH CcyMTaeTcs OJHMM M3  BaXKHEMLUX
BpeauTenen. Llenb cTaTb — OLEHUTb BO3MOMKHblE W3MEHEHUA €ero

pacnpocTpaHeHuUs B yCA0BUAX r106a1bHOIO NoTENAEHUS.

OnpeaeneHbl reorpaduyeckme KoopguHatbl 384 ToyeK Haxo4oK BMAa.
Mcnonb3oBaHbl aga pasHbIX nogxopa K MOAE/IMPOBaAHMIO
pacnpocTpaHeHus (MaKCMManbHOW 3HTPOMUMM U SNAUNCOUAANbHBIX
MHOFOMEPHbIX 3KONIOTMYECKUX HULL).

OnucaHbl 06LmMe 3aKOHOMEPHOCTU pacnpocTpaHeHusa. CreHepupoBaHbl U
COMOCTaB/IeHbl HECKONbKO Mogenen pacnpegeneHva Buaa. BbisBneHbl
OCHOBHblE daKTopbI ero pacnpocTpaHeHus. JKosiormyeckoe
MOAEeNNpoBaHME AEMOHCTPUPYET BO3MOMKHOCTb CABWUIA €ro apeana Ha
ceBep B CpegHeir u BoctouyHOW CubUPU WM COXpaHEHWEe palioHOB
BO3MOXHOM BPELOHOCHOCTM BWAA Ha tore Cubupu, B MoHroamm u
CeBepHom Kutae.

BbisBNEHbI ABa MPOTUBOMOJIOXKHbIX TPeHAa. B 3anagHoi u toro-3anagHom
YyacTax apeana BUAA BEPOATHO CHUXKEHME NPUTOAHOCTU MecToobuTaHuiA. B
LeHTPaNIbHON U CEBEPO-BOCTOYHOM YaCTAX YPOBHU MPUrogHOCTU AN6O He
U3MeHATCA, b0 BO3PacCTyT.

CpaBHUTE/IbHbIN aHa N3 NOKa3blBAaeT OTCYTCTBME OYEBUAHbLIX CMELLEHWU
rpaHuy, apeana A. barabensis, KOTopble MOXHO 6bl10 6bl CBA3ATb C
rnobanbHbIM MNOTEN/IEHWEM KAK TAKOBbIM NIMOO 3TOT TPeHA MoYTU He
npocnexunsaetca. Bmecte ¢ Tem pacnpegeneHne noaxogawmx Ana Buaa
YCNOBUIN MOXKET CYLLECTBEHHO U3MEHUTCA B BAMMKaNLLNe aecaTuneTms.

Kniouesblie cnosa
BHyTpeHHAs A3us, Acrididae, 3n1aKoBHUKM, cTenu, apeas, Nonynauus,
MOAENNPOBaHMe, 3alliMTa PacTeHUIA, MPOrHOo3.

2024 Astopbl. K02 Poccuu: 3Konozus, pazsumue. 3TO CTaTbA OTKPbLITOrO [OCTYyMa B COOTBETCTBMM C ycnosBusamu Creative Commons
Attribution License, KoTopas paspeluaeT MCNO/b30BaHWE, PacnpoCTpaHeHWe M BOCMpPOM3BeAeHME Ha b6OoM HocuTesne Mpu YCI0BUM

NPaBW/IbHOTO LUTUPOBAHUA OPUTMHANLHOW PaboTbl.
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INTRODUCTION

The Baraba buzzing grasshopper, Angaracris barabensis
(Pallas), is the only species of the genus Angaracris Bey-
Bienko from the tribe Bryodemini [1-3]. This tribe includes
several genera mainly associated with the steppes, semi-
deserts and arid mountains of Inner Asia [3-5]. The only
species distributed across almost all Palaearctic Region is
Bryodemella tuberculata (Fabricius) [3; 5; 6]. Adults of this
group (in many species, both females and males) are able
to fly very well and can stay in the air during several
minutes and more, but these flights are not typically
associated with active dispersal. The flying Bryodemini
adults commonly produce sounds by wing crepitation [7;
8].

The Baraba buzzing grasshopper is widely distributed
across grasslands of the temperate parts of Asia, from the
Ural Mts. up to the northeastern parts of China and from
the forest-steppes up to the semi-deserts and the arid
mountains of the Tibetan Plateau. It prefers different
variants of the steppes and the northern semi-deserts.
Both grasses and dicots are its favorable food [9; 10]. Its
abundance is usually relatively low, especially in the
western and northern parts of its range. It may rarely
damage agricultural fields and rangelands. However, local
populations of the species can be very dense in the arid
mountains of South Siberia and over grasslands of
Mongolia and adjacent parts of China. In the beginning of
the 21st century, over these territories, A. barabensis
became one of the important pests [11-14]. The actual
problem is how the species distribution and the areas of its
possible harmfulness may change in the future, especially
relative to global warming. The aim of the paper is to
estimate some possible shifts of the A. barabensis
distribution as a potential pest species across its whole
range.

MATERIALS AND METHODS

Study territory

Field data were collected from 1977 until 2023 in the
southern parts of Siberia and in the northern parts of
Kazakhstan. The Ural Mts. mainly borders this area on the
west, and the Da Hinggan (Great Khingan) Mts. — on the
east. Its northern boundary is approximately defined by the
southern border of the taiga life zone (about 56°N), and the
southern one — by the deserts (about 40°N). Some
populations of the species are known from the arid
mountains of south Mongolia and the Tibetan Plateau as
well [3; 4; 15]. Originally, these territories were covered by
forest-steppes, steppes and semi-deserts, but many local
landscapes were converted to agricultural lands (fields and
pastures) [16; 17]. Across the local plains, average
temperatures are relatively moderate (mean temperatures
of the warmest month are between 16 °C to 24 °C, the
same for the coldest month may be from —4 °C to —34 °C),
and average annual precipitation amounts vary between
125 to 610 mm [16; 18].

Field studies

The species distribution was characterized by collecting in
natural, semi-natural and transformed ecosystems, usually
in July and August when adults were dominated [19]. Three
different quantitative methods were used. First, sampling
during a fixed period of time was done in each site
investigated [20; 21]. Orthopterans were collected with a
standard net (commonly 40 cm diameter) over a period of
10-30 minutes. Results for each habitat have been

recomputed to an hour. Second, the standard sweep
nettings were done (from 50 to 200 sweep numbers).
Results have been recalculated to 100 sweeps. Third, we
estimated insects’ densities on randomly placed plots 0.25
x 0.25 m? (in some cases — 0.5 x 0.5 m? or 1 x 1 m?). Two
or three methods were frequently used in the same time.
After 1998, the Glonass/GPS navigation devices were used
to determine geographic coordinates. Some possibilities of
Google Earth Pro (©Google 2022) were also handled to
ascertain the same parameters for habitats studied before
2000. The main part of studied specimens is 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).

Data analysis

Besides our field data, we examined some old data as well,
especially collected during the expeditions of Novosibirsk
State University (1960-1986) and the Institute of
Systematics and Ecology of Animals (the former Biological
Institute, Novosibirsk, Russia). We also used the data from
different publications [3; 19; 22-39] and data from the
collections of Zoological Institute (Saint Petersburg, Russia),
including materials of the so-called Soviet-Mongolian
expeditions, Novosibirsk State University, and the Institute
of Systematics and Ecology of Animals. Our set includes the
geographic coordinates of 384 localities.

We used two different approaches to produce the
species distribution models over the whole range: first,
Maxent 3.4.4 based on the machine learning, maximum
entropy modelling [40-43], and, second, 'ellipsenm’
producing a multidimensional ellipsoid envelope model of
an ecological niche [44]. Both have some limitations. They
are based only on presence data, depend on the number of
points, selected options of modelling and selected sets of
variables [40-45]. Besides, the last one is very sensitive to
correlation between variables. To create the Maxent
models we exploited the full sets of the applicable
bioclimatic variables to equate results for the same
territory, but for different periods. Accuracy of these
models was rated 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 rated by their predictive contributions and
Jackknife tests. The maximum entropy models were
generated with following options: features — auto, output
format — cloglog, regularization multiplier = 1 [40]. To
produce the ‘ellipsenm' models we selected only 6
variables from the 19 standard annually averaged
bioclimatic ones [46; 47], namely the annual mean
temperature (biovall), maximal temperature of the
warmest month (5), minimal temperature of the coldest
month (6), annual precipitation (12), precipitation of the
warmest quarter (18), and precipitation of the coldest
quarter (19). In this case, 25 replicates were counted as
well, the method was covmat and the level used to
produce the ellipsoids was 99%. The resources of
WorldClim 2 [46; 47] were used, such as "Historical climate
data" (19 standard annually averaged bioclimatic variables
at the 30 arcsecond spatial resolution) and "Future climate
data" (19 standard averaged bioclimatic variables) for
2021-2040 and 2041-2060 downscaled from the global
climate model [46] CNRM-ESM2-1 (Centre National de
Recherches Météorologiques and Centre Européen de
Recherche et de Formation Avancée en Calcul Scientifique,
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France) [48] at the 30 arcsecond spatial resolution and for
the three Shared Socioeconomic Pathways (1-2.6, 2-4.5,
3-7.0) [49]. Maps of species distribution were produced on
the basis of geographic coordinates with QGIS 3.18.3. A
Lambert conformal conic projection was chosen as the
basic map. We also used the Map Comparison Kit 3.2.3 [50]
to compare maps for different periods.

RESULTS

General distribution
barabensis

The range of Angaracris barabensis is mainly associated
with the Asian grasslands (Fig. 1). It is bordered by the
northern limits of the Siberian forest-steppes (56-57°N) on
the north and by the southern areas of the semi-deserts
(about 48-49°N in the western part of the range, and
about 40°N near the northern and north-eastern limits of
the extreme areas of the Gobi Desert) on the south (except
its mountain parts). In Inner Mongolia, the species range

and bionomics of Angaracris

0 500

1,000 km
[ [—

loops southwards, crosses the Loess Plateau and stretches
to the northern and northeastern ranges of the Tibetan
Plateau. On the west, the range is almost limited by the
Ural Mts., and on the east, by the Great Khingan Mts.
However, some populations are found on the plains of
Heilongjiang (NE China) as well. A. barabensis is not known
from mountains of Tarbagatai and Tien Shan (Kazakhstan
and NW China), but occurs in the arid mountains of south
Mongolia (e.g. Noyon, Gurvan Saikhan, Khanbogd) and in
the northern, eastern and south-eastern parts of the
Tibetan Plateau. The upper altitudinal limit of the Baraba
buzzing grasshopper is elevated southwards from 1300 m
in the northern parts of the Altai-Sayan Mts. to 1900 m in
their southern parts [51; 52] and up to 3200-3800 m in the
Tibetan Plateau [37; 38]. In the western parts of the species
range, there is no significant difference between the
species distribution until the 1960s [3; 19] and in the
second half of the 20th century and in the beginning of the
21st century.

Figure 1. General distribution of Angaracris barabensis over its range
PucyHok 1. O6wee pacnpocTpaHeHune Angaracris barabensis B rpaHuuax apeana

In the northern part of the range, A.barabensis inhabits the
forest-steppes. However, its distribution is extremely
localized. Its populations may be usually observed in the
overgrazed steppe pasturelands. The species abundance is
commonly low (as a rule, less than 10 grasshoppers per
hour). In the steppes, its populations are associated with
either the local watershed plains or the droughty habitats
of upper flood plains and lower terraces, and the stony
southern slopes of hills. Near the western boundary of the
range, its abundance is low [32; 53]. In the southern part of
West Siberia, its abundance is not very high as well
(commonly between 4 and 60 per hour or between 10 and
600 per ha), but population densities may vary significantly
from year to year. The geographic range of A.barabensis
occupies also the semi-deserts of the central and eastern
parts of Kazakhstan, but its local colonies are insular and its
density is very low. In the steppes of south West Siberia
and Kazakhstan, the Baraba buzzing grasshopper can also
occupy local transformed habitats [53; 54], especially old
abandoned agricultural fields and dry ditches along roads.

In the semi-arid mountains of South Siberia, the
species prefers the typical and dry steppes, often rocky. Its
populations may be relatively large (with abundance more
than 100 per hour or 1-2 per sq m). For instance, in 2018,
in the typical steppes of the central parts of Tuva, the
abundance of the Baraba buzzing grasshopper varied
between 250 and 612 per hour and the average density
was about 3 per sq m. Besides, in the region, A. barabensis
actively penetrates into transformed landscapes and
occupies different crop and abandoned fields, canal and
road sides. A. barabensis is common in the steppes of the
Loess Plateau [55] and in different grasslands of the Qilian
Mts. (NE Tibetan Plateau) as well [38].

It is a univoltine form with overwintering eggs [19;
37; 56]. Its supercooling point is very low (—32.7 °C) [56].
Adults are common during the second half of summer [19;
56]. In the steppes of the Korgalzhyn Biosphere Reserve
(Kazakhstan: Akmola region), A. barabensis feeds mainly on
different forbs, such as Dodartia orientalis Linnaeus,
Artemisia spp., Limonium gmelini (Willdenow) Kuntze,
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Salsola sp., Trifolium hybridum Linnaeus. Besides, it actively
consumes local lichens, namely Xanthoparmelia vagans
(Nylander) Hale [2]. In the steppes of Altai-Sayan Mts., the
species prefers to consume different groups of plants:
some dicots (Caragana pygmaea (Linnaeus) de Candolle,
Bassia prostrata (Linnaeus) Beck, Artemisia frigida
Willdenow) and grasses (Agropyron cristatum (Linnaeus))
[9]. The similar pattern is described for the steppes of Inner
Mongolia [12; 57; 58]: in the region, A.barabensis feeds
mainly on sagebrushes (Artemisia spp.), cinquefoils
(Potentilla spp.), and Allium bidentatum Fischer. ex
Prokhanov & lkonnikov-Galitzky. In the alpine grasslands
(Gansu, NW China), it commonly eats the plant species
from Polygonaceae and Asteracea [37].

In South Siberia, the species was mentioned as
possible pest only in Transbaikalia (Dauria) [19]. Later, its
harmfulness was noted for almost all steppes of South
Siberia and Kazakhstan [59; 60]. In the end of the 20th
century and in the beginning of the 21st century, it was
mentioned as the important pest across the easternmost

0 500 1,000 km
| I

parts of its range, namely in Mongolia [14] and China (Inner
Mongolia and the Tibetan Plateau) [12; 13; 61].

Ecological models of the species distribution

The analysis of the predicted distribution of A. barabensis
established on its occurrence and two modelling
approaches (Fig. 2 and 3) shows all steppes and semi-
deserts between the Ural Mts. on the west and the Great
Khingan Mts. on the east are very suitable for the species.
Besides, very suitable conditions for this species are in the
mountains of Tien Shan (NW China and Kyrgyzstan),
Tarbagatai (Kazakhstan and NW China), Barlyk (Birlik), Maili
and Jair (NW China) where A. barabensis is not found.
Elevated levels of habitat suitability in the eastern part of
the species range show opportunities of its upsurges (cf.
[14]). Besides, the territories of the forest-steppes and the
south taiga in south Siberia (e.g. along the Angara River)
may be very applicable for this grasshopper. The ellipsoid
envelope model (Fig. 3) shows the similar pattern, but with
relatively low levels of condition suitability than the
maximum entropy one (Fig. 2).

1100

Suitability of conditions

0.01 0.2 0.4
0.1 03 0.5

0.6 M 08
7 0.7 M 0.9

Figure 2. Predicted probabilities of suitable conditions for Angaracris barabensis (all bioclimatic variables

for 1970-2000; point-wise means for 25 replicates) (Maxent model)

PucyHoK 2. OLeHKa NpurogHoCcTM MectoobutaHuin Angaracris barabensis no mogenvu MakCMmMmanbHOM SHTPONUK
(Bce BUOKNMMaTMUECKME NepeMeHHble aaa nepuoga 1970-2000 rr.; cpeaHue Mo NUKCeNsam no 25 NoBTOPHOCTAM)

The Maxent models are well supported (Fig. 4 and 5). The
most significant variables for all data are the annual mean
temperatures, annual precipitation, isothermality,
temperature seasonality, and precipitation of the coldest
quarter (Table 1), and precipitation of the warmest
quarter, and minimal temperature of the coldest month as
well (Fig. 5).

Ecologico-geographic  modelling of  Angaracris
barabensis distribution in 2021-2040 and 2041-2060
predicated on the climatic model CNRM-ESM2-1 for several
Shared Socioeconomic Pathways (1-2.6, 2-4.5, 3-7.0)
displays that the local parts of the range may shift
northwards and northeastwards (Fig. 6). However, these
shifts will be relatively weak (especially in comparison with

the forecasted shifts for the Oedaleus decorus (Germ.)
distribution in West Siberia [62]. In any case, the main
areas with suitable conditions for A. barabensis remains
almost the same, but in the western and the southeastern
parts of its range, the level of their applicability may
significantly decrease relative to the modern situation.

As may be expected, the forecasted shifts become
more significant if the level of greenhouse emissions
increases (from the 1-2.6 to 3-7.0 Pathways). They also
increase from now until 2041-2060. Almost all possible
shifts are predicted for East and Central Siberia. The local
parts of the species range will be able to move northwards
and northeastwards to the modern forest-steppes and
south taiga. As a result (especially after 2041 and if
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greenhouse gas emission will remain high), A. barabensis where the species will be able to occur are in the
will be able to penetrate into several new regions, namely mountains of Tien Shan (mainly in NW China and
the Irkutsk Region (north-western parts) and the Republic Kyrgyzstan). However, these mountain areas are far away
of Sakha (Yakutia) (central parts). Besides, some areas from the real southern boundaries of the species range.

3 S Chit
¥ UlaniUde *
; s

110.0 120.0

0 500 1,000 km

Suitahility of conditions
[ —

0.01 02 0.4 0.6 M 0.8
Il 0.1 03 0.5 I 0.7 M 09

Figure 3. Predicted probabilities of suitable conditions for Angaracris barabensis (selected bioclimatic variables

for 1970-2000; point-wise means for 25 replicates) (ellipsoid model)

PucyHok 3. OueHKa NpurogHoCcTM MectoobuTanuii Angaracris barabensis no Mogenun snAnNNCoONaHON MHOTOMEPHOM
3KON0rMYecKoi HUWK (0TobpaHHble BUOKAMMATUMYECKME NepemMeHHble AnA nepuoaa 1970-2000 rr.;

cpeHve No NUKcenam no 25 NoBTOpHOCTAM)

Average Sensitivity vs. 1 - Specificity for Angaracris_barabensis

| Mean(AUC=0923)
Mean +/- one stddey =
Random Prediction ®
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Figure 4. Reliability test for the Angaracris barabensis distribution model (bioclimatic variables for 1970-2000;

25 replicates with cross-validation)

PucyHok 4. NpoBepKa HafeKHOCTU MoAeNn pacnpocTpaHeHuna Angaracris barabensis (6uokanmaTMyeckne faHHble
3a 1970-2000 rr.; 25 NOBTOPHOCTEM C KpOocc-Bannaaumen)
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Table 1.Predictive contributions for all data

Tabauua 1. MNpeackasaTenbHblit BKAaL 6UOKAMMATUYECKUX NMEPEMEHHDbIX

Bioclimatic variable
Buoknnmartmnyeckan nepemeHHasa

Percent contribution

N Permutation importance
MpoLueHTHbIN BKNAA,

Ba)KHOCTb MepecTaHOBKM

nepemeHHoOM
1 — Annual mean temperature 16,1 355
CpeaHerofoBas Temnepartypa
2 — Mean diurnal range 14 42
CpepHuii CYTOYHBIN Aana3oH TemnepaTyp (MomecsayHo) ! !
3 — Isothermality 12,3 44
MN30TepMUYHOCTb
4 — Temperature seasonality 10,8 24
Ce30HHOEe BapbUpOBaHWE TemnepaTypbl
5 — Max temperature of warmest month 01 13
MaKcrMmanbHas TemnepaTypa camoro Ten0ro mecsaua ! !
6 — Min temperature of coldest month 6.5 12
MuWHMMaNbHan TemnepaTtypa CaMoro Xo/04HOro Mmecaua ! !
7 — Temperature annual range 05 09
ABCONIOTHAA aMNANTYAa TemnepaTyp ! !
8 — Mean temperature of wettest quarter 15 11
CpeaHnan TemnepaTypa Camoro BAasKHOro KeapTana ! !
9 — Mean temperature of driest quarter 06 53
CpefHAa TemnepaTtypa CaMoro Cyxoro KBaprana ! !
10 — Mean temperature of warmest quarter 02 03
CpefHAA TemnepaTypa CaMoro Tensoro Keaprana ! !
11 — Mean temperature of coldest quarter 03 6.7
CpefiHAA TemnepaTypa CaMoro X0/104HOro KBapTana ’ ’
12 — Annual precipitation 13,6 247
lof,0Bas cymma 0CaZikoB
13 — Precipitation of wettest month 13 36
OcajiKu1 Camoro BAaXKHOro Mecala ! !
14 — Precipitation of driest month 4 11
Ocafkn camoro cyxoro mecsua ’
15 — Precipitation seasonality 09 06
Ce30HHOEe BapbUpPOBaHWE O0CaKOB ! !
16 — Precipitation of wettest quarter 0 0
Ocafikn CaMoro BNaXKHOroO KBapTana
17 — Precipitation of driest quarter 02 02
OcajKu camoro Cyxoro Keaprasa ! !
18 — Precipitation of warmest quarter 19 09
Ocafikm camoro Tensioro KBapTana !
19 — Precipitation of coldest quarter 10,8 0

Oca/ikn Camoro X0/04HOro KBapTana

Note: In highlighted green—five most significant variables

lMpumeyvaHue: 3eneHbim 8bl0esieHbl 5 Haubosee 3HAYUMBbIX nepemeHHbIX

DISCUSSION

The ecologo-geographic modelling of the species
distribution demonstrates that both models for climatic
conditions of 1970-2000 almost coincide with the real data
on the A. barabensis distribution over its range, but the
maximum entropy model demonstrates higher levels of
suitability than the ellipsoid envelope one. The recent
finding of this species near the westernmost segment of its
geographic range on the European slope of the Ural Mts.
validates partly our prediction [63].

The first maximum entropy model of the species
distribution was published in 2018 [14], but it was limited
to the territory of Mongolia. If one compares our model
and the model for Mongolia some evident similarity would
be observed, however, our model shows the wider
distribution of the areas suitable for A. barabensis across
all territory of the country. These differences may be
explained by both the limited set of the original data

concerning Mongolia and some disagreements in the
climatic variables, because the authors used the set of local
data for the country [14]. The similarity remains almost the
same for forecasted shifts based on increasing greenhouse
gas emissions.

Our predictions, especially based on the high levels of
greenhouse gas emissions, show two opposite trends. In
the western and south-eastern parts of the species range,
suitability of conditions will decrease, and one may
forecast that A. barabensis will become relatively rare and
its abundance will decline (Fig. 7). In the central and north-
eastern parts of the range, especially in the intermountain
basins of the Altai-Sayan Mts., in Mongolia, and in the
southern parts of East Siberia, the suitability will remain
almost the same or even increase. This means the Baraba
buzzing grasshopper may remain one of the main pests
across these territories.
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Jackknife of regularized training gain for Angaracris_barabensis
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Figure 5. Jackknife of regularized training gain for the Angaracris barabensis distribution model
(all bioclimatic variables for 1970-2000; 25 replicates with cross-validation)
PUCYHOK 5. TecT CKNafHOro HOXa AN MOLENWN pacnpocTpaHeHua Angaracris barabensis
(Bce BMOKAMMaTMYECKMNE NepeMeHHble aaa neproga 1970-2000 rr.; 25 NOBTOPHOCTEN C Kpocc-Banuaaumen)
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Figure 6. Predicted probabilities of suitable conditions for Angaracris barabensis (forecasts of bioclimatic variables

for 2021-2040 and 2041-2060 according the global climate model CNRM-ESM2-1 [48]; point-wise means for 25 replicates):
(A), (C), (E) — 2021-2040; (B), (D), (F) — 2041-2060; (A), (B) — the 1-2.6 Shared Socioeconomic Pathway based on low
greenhouse gas emissions; (C), (D) — the 2—4.5 Shared Socioeconomic Pathway based on intermediate greenhouse gas
emissions; (E), (F) — the 3-7.0 Shared Socioeconomic Pathway based on high greenhouse gas emissions [49]

PUCYHOK 6. MporHo3npyemble BEPOATHOCTU pacnpeaenieHna noaxoaalmx ycnosuii ana Angaracris barabensis (NporHossl
B6UOKNMMATUUYECKUX NepeMeHHbIX 33 2021-2040 rr. u 2041-2060 rr. B COOTBETCTBUM C [1106a/1bHOM KAMMaTUYECKOM
mogaenbto CNRM-ESM2-1 [48]; cpegHue no nukcenam ans 25 nostopHocrten): (A), (C), (E) — 2021-2040 rr.;

(B), (D), (F) — 2041-2060 rr.; (A), (B) — cueHapuit U3MEeHEHUA KOHLLEHTPaLMKN NapHUKOBbIX ra3oB B aTMmocdepe 1-2.6,
OCHOBaHHbIV Ha HWU3KUX YPOBHAX SMUCCUM NAPHUKOBBIX ra3os; (C), (D) — cueHapuit USMEHEHUA KOHLLeHTPaL MK
NMapHUKOBBIX ra3os B aTMocdepe 2—4.5, OCHOBAHHBbIN Ha CPeHNX YPOBHAX SMUCCUM MAPHUKOBLIX Fa30B;

(E), (F) — cueHapuit U3MeHEeHUA KOHLEHTPaUUM NapHMKOBbIX ra3os B atTmocdepe 3—7.0, OCHOBaHHbIM

Ha BbICOKMX YPOBHAX 3MUCCUM NAapPHMKOBbIX ra3os [49]

0 500

1,000 km
S|

Figure 7. Forecasted trends in the Angaracris barabensis distributions: Predicted suitability for current conditions versus
for 2041-2060 and the 3—7.0 Shared Socioeconomic Pathway based on high greenhouse gas emissions

(cf. Fig. 2 and 6, F). Positive trend in red, negative one in blue

PucyHok 7. MporHo3unpyemble UsmeHeHuaA pacnpegenenusa Angaracris barabensis: ConoctaBneHue oueHOK NPUrogHoCcTU
MecToobUTaHUI Ans coBpemeHHOoro nepuoaa v gna 2041-2060 rr. No cLeHapuio USMEHEHUA KOHLEHTPALLMM NAPHUKOBbIX
rasos B aTmocdepe 3—7.0, 0CHOBAHHOMY Ha BbICOKMX YPOBHAX 3IMUCCUM MAPHUKOBbBIX ra3os (cp. Puc. 2 u 6, F).

YnyyweHue ycaosuli 8bi0eneHO KPACHbIM, yXyoweHUe — CUHUM

CONCLUSIONS

Examination of the published and unpublished data
concerning the latitudinal, longitudinal and altitudinal
distribution patterns of Angaracris barabensis shows there
are no evident contemporary shifts of its range boundaries
associated with global warming per se or this tendency is
extremely weak. Main changes look like very limited and
may be explained by changes of annual precipitation levels

and/or their rhythms. Besides, they may be determined by
local transformations of ecosystems resulted from
increasing human activity, for instance, agriculture field
abandoning, overgrazing, development of irrigation
systems. However, the distribution of suitable conditions
can change significantly during the next several decades.
Ecological modelling predicts opportunities of possible
northward and northeastward shifts of applicable habitats
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in Central and East Siberia and persistence of areas of
feasible harmfulness in South Siberia, Mongolia and China
(mainly across the Tibetan Plateau). However, in this huge
area, there are very sparse monitoring systems. In this
context, integration of ecologo-geographic modelling and
data of remote sensing [64; 65] on the basis of the GIS
looks like very prospective and important [66; 67].
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