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Abstract

The distribution patterns of the common predatory bush-cricket Saga pedo (Pallas, 1771) across the
Asian part of its geographic range are revealed. It is the most widespread member of the genus and
is the only species crossing the 55th parallel in the north direction. Preferable habitats of S. pedo are
more or less uniform across its range, it favors variable steppe or steppe-like habitats covering by
relatively dense grass vegetation with presence of forbs and especially shrubs. In the western parts of
its range, the species is commonly distributed across regions with the subtropical Mediterranean and
the temperate southern broadleaf forests, and its populations are mainly associated with local open
landscapes. In the central and eastern parts, its distribution is different, because it is usually found
over the forest-steppe, steppe and semi-desert life zones and also in the mountains of Middle Asia. The
MaxEnt models produced 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 estimate the suitability of conditions for the species and demonstrate that, in the future,
the general character of its distribution may change very significantly, especially in the southern half of
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the West Siberian Plain. The conservation status of S. pedo is discussed for the Asian part of its range
as well.

Keywords
Saginae, South Siberia, Middle Asia, rare species, steppe, forest-steppe, semi-desert, mountains,
modelling, forecast

Introduction

More than 250 years ago, P.S. Pallas (1771) described the unique species Gryllys
(Tettigonia) pedo from some unknown locality. Later, it was included in the genus
Saga Charpentier, 1825, the type species of which was Locusta serrata Fabricius,
1793 (= Saga pedo) by original monotypy (Cigliano et al. 2025). Today we com-
monly call this species not only the formal name, but either the common predatory
bush-cricket or the matriarchal katydid. The uniqueness of this bush-cricket (Fig. 1)
is determined by a combination of several peculiarities: (1) its large size (S. pedo is
one of the largest species of Orthoptera in general), (2) winglessness, (3) its tetra-
ploid chromosome number and parthenogenetic reproduction (Goldschmidt 1946;
Kolics et al. 2012), and (4) a secretive lifestyle, since it is a typical ambush predator
with predominantly nocturnal activity of adults. In addition, it is the most widely
distributed species of the genus Saga despite the specificity of its reproduction and
limited migratory capabilities (Kolics et al 2012). Furthermore, S. pedo was intro-
duced in the area of the Great Lakes in North America (Cantrall 1972). S. pedo is
the only member of this genus included in the [IUCN Red List and in many regional
Red Books and Red Lists (Hochkirch et al. 2016).

In the European parts of its range, the general patterns of the species distribu-
tion and bionomics were described and discussed in many publications (Kalten-
bach 1964; Holusa et al. 2013; Lemonnier-Darcemont et al. 2016; Anselmo 2022;
Ancillotto and Labadessa 2023; Repetto et al. 2024; Brandmayr et al. 2025; Della
Rocca et al. 2025). The species distribution models were produced recently as well
(Ancillotto and Labadessa 2023). However, the similar data for the Asian parts of
the species range remain limited and scattered across various publications, mainly
some regional Red Books. The aims of this article are to reveal general patterns of
the species distribution across the Asian parts of its range, to characterize some
peculiarities of its ecology, and to produce several models of its distribution for the
present and future periods.

Materials and methods

Field data were collected from 1975 until 2023 in the southern part of West Si-
beria and in Kazakhstan. The quantitative and qualitative sampling of insects was
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employed to characterize the species distribution patterns across local ecosystems.
In accordance with this approach, insects were seized with a standard net (40 cm
diameter) over a period of 10-30 minutes (Gause 1930; Sergeev 1986, 1992). In ad-
dition, each habitat was surveyed to find species not collected during the census per
se. The Glonass/GPS handheld gizmos were used to determine geographical coor-
dinates. For the locations of the species in earlier periods, we used Google Earth
Pro (©Google, 2020) to assess these parameters. We have also used some data on
general distribution of the species from the collections of Zoological Institute (Saint
Petersburg), from several books and articles and also Internet resources (Adelung
1906a, 1906b; Uvarov 1910; Pylnov 1914; Bey-Bienko 1928, 1929; Nefedov and Mi-
ram 1939; Bekuzin 1972; Guseva 1986; Kadyrbekov et al. 2017; Temreshev and Es-
inbekova 2017; Gerasimov and Krivosheev 2018; Krasutsky et al. 2022; Snegovaya
and Kerimova 2022; Childebaev and Taranov 2023; GBIF 2025).
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Figure 1. Saga pedo in the Kulunda steppe (W
geev).

Our database of the S. pedo occurrences across the Asian part of its range and
the adjacent, south-eastern parts of Europe includes 242 records (See Suppl. material
1: Table S1). We exploited the QGIS 3.18.3 software (QGIS 2025) and a Lambert
conformal conic projection to produce maps. The Maxent 3.4.4 software (Phillips et
al. 2006, 2017; Elith et al. 2011) was used to model the species ecological-geographical
distribution. The full packages of the bioclimatic variables at the 30 arcsecond spatial
resolution (Fick and Hijmans 2017; WorldClim 2022) were used to produce
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such models for the current period. In addition, the model based on a combina-
tion of the bioclimatic variables, monthly solar radiations and elevations was gener-
ated as well. The "Future climate data" for two periods (2021-2040 and 2041-2060)
downscaled from the global climate model CNRM-ESM2-1 (Séférian 2018) at the
30 arcsecond spatial resolution and for the Shared Socioeconomic Pathway 3-7.0
(Meinshausen et al. 2020) were used to reveal some viable changes in the species
distribution. The accuracies of these models were rated by the AUC (the area under
the receiver operating characteristic curve) values for set of 25 replicates with cross-
validation. The significance of variables was revealed on the basis of their predictive
contributions and the Jackknife tests.

Results and discussion

Ecological-geographical peculiarities of Saga pedo

S. pedo is widely distributed across the southern regions of Europe (Kaltenbach
1964), from the central parts of the Iberian Peninsula up to the central and
southeastern parts of European Russia and North-West Kazakhstan and from the
southern parts of the Czech Republic and the Republics of Tatarstan and
Bashkortostan (Russia) up to Sicily and the North Caucasus, but its range is insular,
especially near the northern boundary (Kolics et al. 2012; Hochkirch et al. 2016).
In Europe, the species is commonly distributed across the areas occupied once
upon a time by the subtropical Mediterranean and temperate southern broadleaf
forests. Its populations are mainly associated with local open landscapes either
transformed or mountain, e.g., clearings, other openings, abandoned vineyards
(Anselmo 2019). On the East European Plain, its distribution is quite different,
because in the region, S. pedo is usually found at the forest-steppe and steppe life
zones. The known northern boundary of the species range corresponds well to
the northern boundary of the forest-steppe life zone. In the easternmost parts of
this Plain, some localities of S. pedo are found near the 55th parallel (Fig. 2)
(Karmazina and Shulaev 2015; GBIF 2025). S. pedo slightly penetrates also to the
South Caucasian region along both the coast of the Black Sea (at least up to the
Gelendzhik vicinities, i.e. across the areas with the Mediterranean climate) (our
data; GBIF 2025) and the coast of the Caspian Sea in North-East Azerbaijan
(Snegovaya and Kerimova 2022). All other indications of the presence of the
species in the South Caucasus (especially for Georgia and Armenia, and for the
Sochi region in Russia) should be checked as they most likely relate to Saga
ephippigera Fischer de Waldheim, 1846 (Tarbinsky 1940).

In the Asian part of the range, S. pedo is widely distributed across the forest-
steppe and steppe life zones of the West Siberian Plain from the Ural Mts. to the
Kulunda steppe between the Irtysh and Ob Rivers (Fig. 2) (Sergeev 2021a). In the
westernmost part of the Plain, S. pedo crosses the latitude of 55° N. Moreover, in
1968, the species was found in Ekaterinburg (about 56°46' N) (Gorbunov and Olsh-
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vang 2018), however, this single finding could have been the result of an accidental
introduction of this bush-cricket, since, firstly, it was found within the boundaries
of a large city, and secondly, this city is located in the forest life zone not very
suitable for the species. That is why this locality was excluded from our analysis.
From the west to the east, the northern boundary of the species distribution shifts
southward. In the south-eastern parts of the West Siberian Plain, all known
occurrence points of S. pedo are located south of 55° N. The southern boundary
of the species range corresponds to the southern boundaries of the semi-deserts.
However, in South-East Kazakstan, it occurs in the northern desert life zone,
but in azonal habitats, e.g., on meadows of local flood-plains (Childebaev 2007).
Across the local plains and hills of the Kazakh Uplands (Saryarka), mean
temperatures are relatively moderate (average temperatures of July are from 17 °C
to 25 °C, the same for January: from -13 °C to -19 °C), and annual precipitation
ranges amongst 246 and 530 mm (Isachenko 1985)). In addition, its several local
populations were found in the mountains of Tien Shan, Hissaro-Alay, and Kopet
Dagh (Bekuzin 1972; Huang and Yu 1987; Chelpakova 2006; Kokanova 2011;
Kreuzberg 2019). In the mountains of Middle Asia, they are commonly
associated with middle elevations and mountain steppe habitats.
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Figure 2. Distribution of Saga pedo in the eastern parts of its range.

Preferable habitats of this species are more or less uniform across its range.
From South-West Europe up to the Kulunda steppe, S. pedo favors variable steppe
or steppe-like habitats covering by relatively dense grass vegetation with presence
of forbs and especially shrubs (Childebaev and Storozhenko 2004; Della Rocca et
al. 2025), however, according our data, the height of the vegetation cover is not
very important (cf. Holusa et al. 2013). We observed this species on plots with both
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high (Fig. 3) and low vegetation (Fig. 4). In mountains of South Europe, it often
prefers landscapes with limestone or dolomite bedrocks at low and middle eleva-
tions (Kristin and Kanuch 2007; Lemonnier et al. 2009; Brandmayr et al. 2025; Della
Rocca et al. 2025). Adults are usually active at dusk and at night, larvae can be active
during the daytime (Lemonnier et al. 2009). In suitable habitats, the species density
can vary between 30 and 120 individuals per ha (Kristin and Kanuch 2007). Both
adults and larvae predate small animals, usually other insects, especially grasshop-
pers, other orthopteran insects, and praying mantises (Dvorskaya 2006; Kristin and
Kanuch 2007; Anselmo 2019). Larvae may also feed on nectar (McGrath 2020). As
a rule, individuals of this species very rarely catch the eye of researchers unless they
are being specifically searched for (Holusa et al. 2010; Anselmo 2022; Repetto et al.
2024). The sizes of local populations can vary greatly (Repetto et al. 2024), since due
to parthenogenetic reproduction there are no restrictions on inbreeding. However,
in most cases, they apparently do not occupy large areas, since the possibilities for
the dispersal of individuals are limited (Holusa et al. 2013; Anselmo 2022; Repetto
et al. 2024; Varga et al. 2025).

Figure 3. The female of Saga pedo in the typical mountain meadow habitat (Kyrgyz Ala-
Too, Tien Shan, Kazakhstan) (Photo M.K. Childebaev).

According our data, in the applicable habitats of the semi-deserts, the species
abundance varies between 6 and 12 individuals per hour. In the steppe life zone, it
can be relatively low (about 1 per hour). However, S. pedo is often found across local
transformed ecosystems suitable for the species, such as abandoned fields, strips be-
tween agricultural fields and verges. It was also found in safflower fields (South-East
Kazakhstan, Jetisu (Zhetysu) Oblast) (Dvorskaya 2006).
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Figure 4. The habitat of Saga pedo in the Kulunda steppe (W Bor-Forpost, Altai Krai)
(Photo M.G. Sergeev).

Ecological models of the species distribution

The model produced for the climatic data of the end of the 20th century uncovers
that the optimal areas of the species range are in the westernmost parts of the West
Siberian Plain (near the Ural Mts.) and locally in the southern part of the Kulunda
steppe, the eastern part of the Kazakh Uplands, and the northern parts of the moun-
tains of Middle Asia (Fig. 5A). The model based on the extended set of variables in-
cluding not only the bioclimatic data, but also the data on monthly solar radiations
and elevations, is very similar (Fig. 5B), but, in the easternmost parts of the species
range, the suitability of conditions is a little lower. Both models are well supported
statistically (AUC = 0.958 and 0.965 respectively) (Fig. 6).

The main bioclimatic variables clarifying the species distribution are annual
mean temperatures, precipitations of the driest quarter, precipitations of the driest
month, and maximal temperatures of the warmest month (Table 1). However, add-
ing of solar irradiance distribution and elevations significantly changes and some-
what evens out the predictive contributions of almost all variables. Precipitations of
the driest month, precipitations of the driest quarter, the precipitation seasonality,
and the solar radiation in August and December are the most significant. The Jack-
knife tests give opportunities to add several other variables, namely the precipita-
tion seasonality and mean temperatures of the warmest quarter for the first set of
variables and the solar radiation in January, February and November for the second
one. Almost all important variables are essential either for the species development
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during summer, especially in the end of this season, when ovipositions may occur,
or for an overwintering period.
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Figure 5. Predicted probabilities of suitable conditions for Saga pedo in the eastern parts of
its range: all bioclimatic variables for 1970-2000 (A) and all bioclimatic variables, elevations,
and monthly solar radiation (B) (point-wise means for 25 replicates with cross-validation).
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Figure 6. Reliability tests for the Saga pedo distribution models in the eastern parts of its
range: all bioclimatic variables for 1970-2000 (A) and all bioclimatic variables, elevations,
and monthly solar radiation (B) (25 replicates with cross-validation).
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Table 1. Predictive contributions for all data

Bioclimatic variables only

Bioclimatic variables +
elevation + monthly solar

Variable radiation
Percent Permutation Percent Permutation
contribution importance contribution importance
1 — Annual mean temperature 25.1 6.4 2.4 3.6
2 — Mean diurnal range 0.5 0.1 0.6 1.4
3 — Isothermality 0.7 1.7 0.4 1.8
4 — Temperature seasonality 1.3 5.5 0.6 18.4
5 — Max temperature of warmest 7.3 27.3 0.6 3.7
month
6 — Min temperature of coldest 6.5 0.1 0.7 0
month
7 — Temperature annual range 2 5.6 2 0.1
8 — Mean temperature of wettest 0.2 0.5 0.2 0.6
quarter
9 — Mean temperature of driest 0.8 1.4 0.6 0.8
quarter
10 — Mean temperature of 0 0 0.5 1.6
warmest quarter
11 — Mean temperature of coldest 0.8 239 0.3 0.1
quarter
12 — Annual precipitation 11.7 0.8 3.8
13 — Precipitation of wettest 0.1 0 0.1 0
month
14 — Precipitation of driest 11.5 1.8 19.6 2.5
month
15 — Precipitation seasonality 6.2 7.4 6.7 0.2
16 — Precipitation of wettest 33 0.7 3.5 1.9
quarter
17 — Precipitation of driest 22.2 0.4 16 0.7
quarter
18 — Precipitation of warmest 8.5 0.9 0.2 0.2
quarter
19 — Precipitation of coldest 0.2 4.5 0.9 1.2
quarter
Elevation - - 0.7 0.5
Solar radiation in January - - 0.2 0
Solar radiation in February - - 0.6 0
Solar radiation in March - - 0.1 0
Solar radiation in April - - 1.4 4.5
Solar radiation in May - - 0.2 0.1
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Bioclimatic variables only Bioclimatic variables +
elevation + monthly solar
Variable radiation
Percent Permutation Percent Permutation

contribution importance contribution importance

Solar radiation in June - - 2.7 10.5
Solar radiation in July - - 6.3 0.1
Solar radiation in August - - 9.8 233
Solar radiation in September - - 0.2 0.6
Solar radiation in October - - 0.1 0
Solar radiation in November - - 1.7 16.4
Solar radiation in December - - 19.3 1.2

Note: In bold — the most significant variables.

The models generated for the climatic conditions in the future predict some
dramatic shifts (Fig. 7). The territories with the suitable conditions may occupy al-
most the entire southern half of the West Siberian Plain up to the latitude of 60° N
in 2041-2060, except the terrains near the Irtysh River in the north-eastern parts
of Kazakhstan. However, this vast area (mainly between 55° N and 60° N) is now
covered mostly by coniferous (taiga) and mixed forests. Therefore, the dispersal of
S. pedo in the future is possible only with the appearance of suitable open steppe or
steppe-like habitats, that is, after a very noticeable transformation of the landscapes.

Therefore, many terrains at the southern parts of the West Siberian Plain and
the Kazakh Uplands are suitable for S. pedo. Consequently, we can assume the exist-
ence of numerous populations of this species across this territory. A series of recent
discoveries of S. pedo in the Chelyabinsk Oblast (Lagunov and Krasutskiy 2017;
1978; Childebaev and Storozhenko 2004; Krasutskiy et al. 2022) supports this hy-
pothesis. There are some insular populations of the species in the mountains of Tien
Shan, Hissaro-Alay, and Kopet Dagh as well. This means the species is much more
widespread here than previously thought (Pravdin 1978; Childebaev, Storozhenko
2004; Storozhenko 2004). However, our knowledge concerning the species distribu-
tion across the region remains limited since data on the occurrences and population
status of this species are still scarce, especially when compared with data for Europe,
even its southeastern parts (Republic of Bashkortostan, Samara, Saratov and Volgo-
grad Oblasts) (Fig. 2, Table 2). This largely determines that the species is involved in
the Red Books of Kazakhstan, Kyrgyzstan, Russia (including Red Books of almost
all steppe and forest-steppe regions of Russia between the Black Sea and the Altai-
Sayan Mts.), Turkmenistan, and Uzbekistan. Unfortunately, the lack of data deter-
mines chiefly the pronounced inconsistency in determining the conservation status
of the species (Table 2), although it is clear that the situation with its populations
across different territories varies.
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Figure 7. Predicted probabilities of suitable conditions for Saga pedo in the eastern parts of
its range: forecasts of 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 Socioeco-
nomic Pathway based on high greenhouse gas emissions (Meinshausen et al. 2020) (point-
wise means for 25 replicates with cross-validation).



The bush-cricket Saga pedo in the Asian part of its range 1067
Table 2. Rarity categories proposed for Saga pedo
Category Number of
Traditional-  TUCN (2001) "““r;_ences
Country/Region cf. (Mace and Source accorcing
the GBIF
Lande 1991)
database
(2025)
IUCN Red List: - Vulnerable Orthopteroid 5561
Global Specialist Group 1996
IUCN Red List: - Least Hochkirch et al. 2016~ 5487
European assessment Concern
Russian Federation Vulnerable (2)  Vulnerable Storozhenko 2021 255
Republic of Rare (III) - Olshvang 2014 43
Bashkortostan
Altai Krai Vulnerable (II) - Perunov and Jakovlev 0
2016
Astrakhan Oblast ~ Endangered (1) - Pirogovskii 2014 5
Chelyabinsk Oblast Rare (3) Near Lagunov and 13
Threatened Krasutskiy 2017
Kurgan Oblast Vulnerable (2) - Utkin and 0
Balakhonova 2012
Novosibirsk Oblast  Vulnerable (2) - Sergeev 2018 0
Omsk Oblast Endangered (1) - Sidorov and Kassal 0
2015
Orenburg Oblast Recovering (5) - Nembkov 2019 7
Samara Oblast Rare (III) - Diuzhaeva and 11
Liubvina 2009
Saratov Oblast Rare (3) Vulnerable Sinichkina 2021 35
Sverdlovsk Oblast ~ Rare (3) - Gorbunov and 0
Olshvang 2018
Volgograd Oblast ~ Vulnerable (2)  Least Komarov and Brekhov 42
Concern 2017
Republic of Vulnerable (4)  Vulnerable Nasyrova 2003 11
Kazakhstan
Kyrgyz Republic Vulnerable (II) ~ Vulnerable Chelpakova 2006 1
Turkmenistan Endangered (II) Endangered  Kokanova 2011 0
Republic of Endangered (I) Endangered Kreuzberg 2019 0
Uzbekistan

There is no doubt that at the forest-steppes, steppes, and semi-deserts, despite
the agricultural transformation of many local ecosystems, areas suitable for the ex-
istence of populations of this bush-cricket have been preserved. This is especially
noticeable in areas with complicated, especially hilly, terrains with various slopes,
terraces, and balkas and with plain territories where diversified farming systems de-
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veloped with various agricultural fields, including the abandoned ones, their edges,
pastures, verges, forest shelter belts etc. The species populations may be found in
the steppe or steppe-like habitats with natural or semi-natural grassy vegetation and
especially with presence of some shrubs and/or high forbs. In addition, the bush-
cricket may occur in human-dominated ecosystems, such as fallow fields, strips
between agricultural fields, and verges. The main limitations for researchers are de-
termined by the secretive lifestyle of these insects. Individuals of S. pedo must be
specifically sought out. This requires considerable time and labor. However, activi-
ties of researchers, citizen scientists and casual observers may significantly change
our ideas about the distribution and rarity of the species and affect its conservation
status in a region (Table 2).

The model produced for the climatic data at the end of the 20th century is quite
similar to the model generated for Europe (Ancillotto and Labadessa 2023) in its
south-eastern parts despite significant differences in datasets and modelling ap-
proaches. Over the next few decades, there is a potential for a significant increase in
the area of habitats suitable for the model species, especially in the southern half of
the West Siberian Plain.

Conclusions

There are significant differences between distribution and conservation statuses
of S. pedo at the southern half of Europe (except its south-eastern areas) and the
Asian parts of its range. In Europe, its populations are mainly at the broadleaf forest
and Mediterranean life zones. They are commonly associated with relatively open
steppe-like habitats either distributed across mountain slopes at middle altitudes
or formed as a result of human activity often associated with agricultural develop-
ment and combined deforestation (Repetto et al. 2024; Brandmayr et al. 2025; Della
Rocca et al 2025). This is why some forms of modest human activity, e.g., traditional
agropastoralism, create favorable conditions for S. pedo (Della Rocca et al 2025).
In the region, populations of this species may be eliminated or their abundance
can decrease as a result of agriculture intensification or afforestation (Repetto et al
20240. The similar problems were revealed for the European populations of another
steppe species, namely the grasshopper Bryodemella tuberculata (Fabricius, 1775)
(Dey et al 2021).

In Asia and the south-eastern parts of Europe, the main habitats of S. pedo are
at the forest-steppe, steppe and semi-desert life zones where open, steppe or steppe-
like ecosystems were and, in some areas, are still dominated. The main threats to
this species are related to the intensification of agriculture, plowing of steppes and
overgrazing. However, S. pedo occurs here not only in natural or semi-natural eco-
systems, but also at heterogeneous landscapes in which it may use mosaically dis-
tributed plots with suitable conditions. This suggests that the situation with this
species does not cause concern, and its populations, at least some of them, are at
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applicable conditions now and, according the models for the future periods, may
become more wealthy in the future. The distribution of suitable terrains and the
foretold shifts are similar to those for another steppe bush-cricket, namely Mira-
miola pusilla (Miram, 1927) (Sergeev and Molodtsov 2024), and two grasshopper
species (Asiotmethis jubatus (Uvarov, 1926) and Mesasippis arenosus (Bey-Bienko,
1930) (Baturina et al. 2024). However, the predicted changes of the S. pedo distribu-
tion are more pronounced and clearly expressed in large northward shifts. In the
mountains of Middle Asia, the populations of the common predatory bush-cricket
are most likely very local and associated with middle altitudes of outer ranges of
Tien Shan, Gissaro-Alay, and Kopet Dagh. These colonies may be affected by over-
grazing and some changes in the altitudinal distribution of mountain steppes due to
global warming. Unfortunately, the areas where the environmental conditions are
very suitable for S. pedo almost match the similar areas for very important pests,
namely the Italian locust Calliptamus italicus (Linnaeus, 1858) (Sergeev 2021b; Ser-
geev et al. 2025) and the handsome cross grasshopper Oedaleus decorus (Germar,
1825) (Popova et al 2022). Moreover, S. pedo can occur in the same local habitats as
these two species. Therefore, treatments against these pests may result in the elimi-
nation of the local populations of S. pedo (Sergeev 1996, 1998, 2021b).

In any case, S. pedo is included in almost all national and regional Red Books
(Table 2). However, the conservation statuses of this species are quite different, from
"Endangered"” in Turkmenistan, Uzbekistan, and two region of Russia (Astrakhan
and Omsk) to "Least Concern"” in the Volgograd Oblast and in Europe as well and
even "Recovering” in the Orenburg Oblast. Such a diversity of assessments, on the
one hand, is undoubtedly due to the uniqueness of each region, and on the other
hand, is often determined by the degree of study of the model species, the search
for which often requires significant effort and time. It should also be noted, the spe-
cies populations can exist in the several nature reserves, namely Orenburg (Russia),
Naurzum, Korgalzhyn, and Alakol (Kazakhstan), Képetdag and Kéytendag (Turk-
menistan), and some national parks (e.g., Tarbagatai and Bayanaul in Kazakhstan).
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