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We analysed the composition of the steppe assemblage in the mammal fauna of
Transcarpathia (Ukraine), which is represented by three rodent species such as the
European ground squirrel Spermophilus citellus, the common hamster Cricetus crice-
tus, and the steppe mouse Mus spicilegus. These species have not been considered in
the composition of the local fauna or they were mentioned only in general checklists, or
even with obvious mistakes in descriptions of both key characters and record localities.
Here we present detailed descriptions of distribution of each steppe species based on
actual record localities as well as ecological and biogeographic features. In total, we
have generalized data on 13 record localities of Spermophilus citellus, 7 of Cricetus
cricetus, and 8 of Mus spicilegus. We also revealed and described general trends in the
distribution of these species: all of them occur in the lowland part of Transcarpathia
between the valleys of the Tisza and Latorica rivers and adjacent areas. Generally,
steppe species in Transcarpathia are related to anthropogenically transformed biotopes:
the European ground squirrel mainly occurs along banks of dammed rivers in zones of
floods, while the common hamster and the steppe mouse are both related to agricul-
tural lands. The absence of natural populations in indigenous biotopes and, in fact, the
absence of typical key steppe habitats suggest that steppe species appeared in Trans-
carpathia as the result of expansion from their main geographic range as suitable habi-
tats gradually appeared at the range periphery. The closest centre of distribution of each
species is located beyond the studied region, namely in the Great Hungarian Plain, and
the records described here are marginal: they are instable and attributed to the zones
of range pulsation, which depends on climatic factors and current landscape features of
the lowland part of Transcarpathia. The state and dynamics of range-edge populations
of steppe species in Transcarpathia might be largely affected by the hydrological regime,
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wintering conditions, human activity, etc., as well as by “edge effects” that usually take
place in fragmented populations. The influence of such processes probably could ex-
plain the low abundance and rarity of steppe species in the region, and, in the same
time, makes topical the issue of their conservation. At present, conservation issues es-
pecially concern two species, namely the European ground squirrel and the common
hamster, which are keystone species in steppe and forest steppe ecosystems.

Keywords: steppe fauna, rodents, rare species, biotopes, Transcarpathia, Ukraine

INTRODUCTION

Species diversity is largely influenced by landscape heterogeneity, in each type of
which historically unique zonal and local communities emerge. The relatively high diver-
sity of landscapes and ecological communities is particularly common for mountainous
regions and adjacent territories, which is due to several ecological factors including
geographical and altitudinal zonation, high density of watercourses, ecotone effects,
artificially transformed biotopes, etc. (e.g., [39, 51]).

The Carpathian Mountains and adjacent regions are located at the junction of forest,
forest steppe, and steppe belts of Europe. In a biogeographic context, the Carpathian
Basin draws a special interest since it is the westernmost fragment of the Great Eurasian
Steppe. Steppe communities that exist here are relatively isolated and they are sur-
rounded by mountain systems having a connection with the East European steppe only
through the northern Balkans [30]. Through this relatively narrow contact zone elements
of the steppe fauna could enter the Carpathian Basin and disperse further north, inclu-
ding the territory of Transcarpathia (i.e. Zakarpattia Oblast), which is the most remote
northern part of the Great Hungarian Plain (Fig. 1). Such remoteness of Transcarpathia
from the steppe faunal core and the immediate proximity of mountain assemblages are
the main factors drawing interest to the analysis of the species composition of lowland
communities, particularly to the presence and distribution patterns of steppe species
represented by range-edge populations in the region.

Czech <

Republic Ukraine

Fig. 1. The location of the Transcarpa-
thian region (red frame) within the
Carpathian Basin
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The distribution of steppe species in plains is usually determined by the arrange-
ment of not only the steppe biome’s borders itself, but also of river valleys [17, 25].
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Research on steppe faunal assemblages allowed formulating the concept of “steppe
faunal core” (SFC), which in Eastern Europe includes more than 30 mammalian species
distributed mainly within the steppe belt but some of them also entering the forest
steppe [56]. The SFC naturally decreases westward by the number of species, espe-
cially at such important biogeographic barriers as large river valleys, which generally cut
the steppe belt from north to south into several “fragments”. Earlier, it was shown that
the East European SFC consists of 28 mammalian species to the west from the Volga,
16 from the Don, 12 from the Dnipro (Dnieper), 10 from the Southern Bug, and only
7 from the Danube [56].

The Transcarpathian fauna in the context of presence and distribution of steppe
species has not been analysed before due to several reasons. Firstly, the region is
largely isolated from the steppe belt (both from the Northern Black Sea Region and the
Balkans), and, secondly, steppe species are usually not considered in its fauna’s com-
position. Besides, the lack of attention to the steppe elements in the region is caused
not only by high rarity of these animals but also because more diverse mountain com-
munities have drawn much more research interest. Therefore, steppe species in the
fauna of Transcarpathia were either not considered at all or indicated ambiguously
[3, 46, 47, 50, 52].

The aim of our research was to analyse the complete available dataset on the exact
record localities, geographical distribution, and biotope selection of steppe mammal
species in the Transcarpathian fauna, to describe species ranges and current state of
population, as well as to analyse changes in the composition and distribution of steppe
species in the region.

MATERIAL AND METHODS

Data for analysis of the Transcarpathian steppe mammal assemblage were col-
lected from several sources. Firstly, all available museum collections were examined,
including the mammal collection of the National Museum of Natural History, NAS of
Ukraine, Kyiv (NMNHU), State Natural History Museum, NAS of Ukraine, Lviv (SNHM)
and three zoological museums functioning at Ukrainian national universities in Kyiv
(ZMKU), Lviv (ZMLVU), and Uzhhorod (UZZM).

A significant part of data was collected by critical analysis of literature sources, inter-
viewing of local zoologists and interested people (i.e. teachers, gamekeepers, hunters),
as well as during field expeditions in 2004-2018 to the places of supposed occurrence
of steppe species with suitable biotopes. In total, ca. 40 positive interviews of colleagues
and residents were conducted.

A database was created that includes all records and record localities of steppe
mammal species, which was applied to construct maps of distribution by QGIS software
using layers of own creation, Google map data and public domain maps (Natural Earth).

The taxonomy and nomenclature used in this paper follows the scheme proposed
earlier for the mammal fauna of Ukraine [60].

RESULTS AND DISCUSSION

In subsequent sections, we present the composition of steppe faunal assemblage in
Transcarpathia. Each species is described according to a common scheme: 1) general
information, 2) signs of presence and field diagnostics, and 3) former and current records.
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Composition of the steppe faunal assemblage in Transcarpathia

According to the latest surveys of the mammalian fauna of the Ukrainian Eastern
Carpathians [2, 3, 63] and other publications [22, 45], the presence of 10 typical steppe
species of mammals could be expected in Transcarpathia:

Order Rodentia (9 species):

» European ground squirrel, Spermophilus citellus (Linnaeus, 1766); « Podolian
ground squirrel, Spermophilus odessanus Nordmann, 1840; « Nordmann birch
mouse, Sicista loriger (Nathusius, 1840); * lesser mole rat, Nannospalax leucodon
(Nordmann, 1840); « Balkan mole rat, Spalax graecus Nehring, 1898; « Podolian
mole rat, Spalax zemni Erxleben, 1777; « common hamster, Cricetus cricetus (Lin-
naeus, 1758); » grey dwarf hamster, Cricetulus migratorius (Pallas, 1773); * steppe
mouse, Mus spicilegus Petényi, 1882;

Order Carnivora (1 species):

« steppe polecat, Mustela eversmanii Lesson, 1827.

Data collected during recent years clearly suggest the presence of only three of the
10 possible steppe species, namely of the European ground squirrel (Spermophilus
citellus), common hamster (Cricetus cricetus), and steppe mouse (Mus spicilegus), rep-
resenting three families, Sciuridae, Cricetidae, and Muridae. It is not by chance since at
range edges and under unfavourable conditions the fauna is represented exclusively by
species of different genera or even families, described as the “principle of monotypiza-
tion of higher taxa” [62].

The occurrence of the European ground squirrel in fauna of Transcarpathia was
first described with record details by Reshetnyk [42]. Later, the species was mentioned
without details in different general fauna surveys (the latest by Bashta and Potish [3]),
and its range was recently reconstructed with information on then known records [64].
The common hamster was usually listed for the local fauna either based on ambiguous
records and without description and mapping of distribution [3, 43] or it was not men-
tioned at all [31, 34]. The first report on records of M. spicilegus appeared in 2007 [3],
although accompanied by slightly ambiguous descriptions, which allows suggesting that
the species might have remained undiscovered in the region until recently. The idea of
the absence of the steppe mouse in the fauna of Transcarpathia was supported earlier
by the results of analysis of old mice samples [29].

The presence of the steppe polecat (M. eversmanii) suggested earlier in the Trans-
carpathian fauna (e.g., [52, 55]) is questionable. Firstly, current records of the species are
unknown and museum specimens from Transcarpathia in zoological collections of
Ukraine are absent too [13]. Secondly, analysis of literature sources revealed that locali-
ties of the species’ records presented in fauna surveys (e.g., [3, 52, 55, 63]) originated
from Abelentsev [1], who, however, also had no actual materials and presented records
referring to two older sources. In one publication cited by Abelentseyv, there is no informa-
tion on the steppe polecat in Transcarpathia at all [12], while searches for the other source
(Konyukhovich, 1953 as cited in [1]), were unsuccessful. However, we suggest that all
records of the polecat in Transcarpathia originate only from the latter source. Currently,
there is no evidence that the steppe polecat is present in fauna of Transcarpathia.

The European ground squirrel, Spermophilus citellus (Linnaeus, 1766)
General information. The European ground squirrel in one of the least studied ro-
dents in the Ukrainian fauna. The species is distributed in Central and Southern Europe,
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including the countries of the European Union neighbouring with Ukraine [24; 40]. The
ground squirrel reaches the territory of Ukraine by three range fragments including the
Transcarpathian one [61]. The occurrence of the species in Transcarpathia had been
debated for a long time (e.g., [50, 46, 47]), although it was strongly suggested [41].

According to old sources, the European ground squirrel was a common species in
the Tisza river’s valley in the late 19th century [35]. However, it was “first” discovered in
Transcarpathia only in 1964 near Chop [42], where the species occupied old dams
along the Tisza and Latorica rivers and had an abundance of ca. 25-30 specimens per
hectare. Later, the European ground squirrel was mentioned only formally referring to
Reshetnyk’s works (e.g., in [3, 21]). The first revision of the species’ distribution in the
region was carried out in 2010 with our participation [64], which is here complemented
by recently obtained data.

Signs of presence and field diagnostics. If present, the species is easily notice-
able and well known to locals, especially herders and hunters. Interviewing of locals
usually gives positive results: they easily recognise and describe the species by its
typical stance (and sometimes its voice too) and characteristic vertical burrows.

Records. We found 24 specimens from 4 localities in museum collections (Table 1).
All specimens were collected in 1964 and 1966 and they are deposited in the mammal
collection of NMNHU. In total, we have knowledge about 13 record localities of the
European ground squirrel, the majority of which were reported by our zoologist colleagues
from the Uzhhorod National University. Practically all record localities were reported from
lowlands of southwest Transcarpathia, the area located along the state border. Field re-
search conducted in 2004—-2006 and 2014—-2018 between Uzhhorod and Chop, Chop
and Berehovo, and Berehovo and Khust were unsuccessful further suggesting the high
rarity of the species. Published data are extremely scarce: Reshetnyk [42] recorded the
species in the vicinities of Chop. Later, in the survey of the mammal fauna of Transcar-
pathia, another record from “Selmentsi,” Uzhhorod Region was reported [3].

The common hamster, Cricetus cricetus (Linnaeus, 1758)

General information. The common hamster is a rare steppe mammal species
that has been shown to display a clear tendency of population decline and range con-
traction during recent decades in Ukraine [31, 43, 57] as well as generally in Europe
[26, 38, 49, 54]. In the region of the Ukrainian Carpathians, the species’ distribution is
restricted to piedmont and adjacent lowland areas of Ciscarpathia (i.e. Prykarpattia)
and Bukovina [43].

Regarding Transcarpathia, the status and distribution of the common hamster have
been generally debated. For instance, Turyanin [52, 53] described the species for “low-
land forest steppe areas of all Ciscarpathian regions” (p. 103), but did not mention even
a single record of the species for Transcarpathia. The common hamster is not listed
either for Transcarpathia in the latest surveys of the Ukrainian mammal fauna [34, 57].
Some information, although, again, without any specific description or cartographic
data, is given in the latest survey of the mammal fauna of Transcarpathia [3]. The au-
thors of this survey stated that the common hamster occurs in various secondary bio-
topes along the Tisza and Latorica rivers. However, on the added map, they indicated
that the species is distributed in the entire lowland part of Transcarpathia despite their
statement that the hamster is extremely rare in the region. On the other hand, according
to the Red Data Book of Ukraine (RDBU), the common hamster is absent in Transcar-
pathia at all [31].
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Table 1.

Records of the European ground squirrel (S. citellus) in Transcarpathia

Tabnuus 1. 3Haxigku xoBpaxa eBpornencbkoro (S. citellus) Ha 3akapnatTi

Region Locality Year | Record details Data source*
Uzhhorod Uzhhorod 1965 1 collection specimen *collection of NMNHU,
(study skin No. 11864) leg. E. Reshetnyk
-unknown- 1966 1 museum specimen *collection of UZZM,
(study skin and skull No. 5386) leg. E. Reshetnyk and
O. Vaitsekhovska
Kholmok 2002 observation of animals *T. Dudynsky, P. Lovas,
pers. com.
Kontsovo 2002 many burrows revealed, *T. Dudynsky, P. Lovas,
one specimen caught pers. com.
by a hunting dog
Haloch 1985-90  observation of animals * T. Dudynsky, P. Lovas,
pers. com.
Komarivtsi 1966 6 museum specimens (5 study *collections of UZZM
skins and 4 skulls in UZZM and NMNHU,
No. 5380 (15), 5382, 5382*", leg. E. Reshetnyk
5685, 5387 and 1 study skin
and skull in NMNHU No. 5685)
1985-90  observation of animals *T. Dudynsky, P. Lovas,
pers. com.
Mali 1985-90  observation of animals *T. Dudynsky, P. Lovas,
Selmentsi pers. com.
2006 burrows revealed on a pasture, Bashta and Potish, 2007
interviewing of locals
Solomonove 1966 10 museum specimens (study *collection of NMNHU,
skins and skulls No. 5681-5684, leg. E. Reshetnyk
5686-5691)
Chop 1964 5 museum specimens (study *collection of NMNHU,
skins and skulls No. 2853-2857) leg. E. Reshetnyk
Solovka 2003 observation of animals *T. Dudynsky, P. Lovas,
pers. com.
Berehovo Batovo 2003 observation of animals *T. Dudynsky, P. Lovas,
pers. com.
Borzhava 2006 observation of a ground squirrel  B. Dracsko, pers. com.
near the Vérke channel
Vary 1950s interviewing of elderly locals N. Matyus, pers. com.
Vynohradiv Perekhrestia 1940s interviewing of elderly locals T. Héder, pers. com.
[Transcarpathia] -unknown- ? 1 museum specimen *collection of UZZM,

(study skin No. 8)

leg. ?

* Records listed in our previous review [64]
* 3Haxigku, BkasaHi y HawoMy nonepegHbomy ornsagi [64]

' The date of record on the label of this specimen is “25.02[sic!].1966” and its inventory number indicated
here as “No. 5382*” is actually “No. 5382” on the label, i.e. the same as the number of the previous speci-
men. Probably, these are mistakes made during copying of the original label
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Reliable records of the species in the region have not been published, which also
indicates the lack of data and insufficient research into the hamster’s distribution in the
region. However, during recent years we have received more and more reports on re-
cords of the species and even its relatively high abundance in some locations. The in-
crease of abundance is probably due to a population outbreak, which occurs periodi-
cally in this species [14, 37]. Such population growth was observed in 2012-2016 with
a subsequent decline in Uzhhorod Region (V. Chumak, personal communication).

Signs of presence and field diagnostics. Since the common hamster occurs
mainly in agricultural lands and behaves quite aggressively, its presence is well known
to locals. Sightings of hamsters and cases of trappings were reported from several
sources (Table 2).

Table 2. Records of the common hamster (C. cricetus) in Transcarpathia
Tabnuys 2. 3Haxipkn xom’sika 3Bu4anHoro (C. cricetus) Ha 3akapnatTi

Region Locality Year Record details Data source
Uzhhorod Chop 1966 1 museum specimen (study skin and collection of NMNHU,
skull No. 5696) leg. E. Reshetnyk
Korytniany 2005-18 observation of animals, roadkills, and V. Chumak, pers. com.

settlements in kitchen gardens and
fields, also many hamsters were hunted
by domestic cats

2012 2 museum specimens (skulls without working collection of
inventory ID) the authors stored
at NMNHU, leg.
V. Chumak
Kholmok 1998 a dead animal found in a field along V. Gleba, pers. com.
the railway
Mukachevo Rakoshyno 1995-96 abundant on crop fields, locals killed R. Kish, pers. com.

may animals as pests often by filling
the burrows with water

2017 roadkills between Mukachevo and R. Kish, pers. com.
Uzhhorod

Berehovo Velyka Bakta 1947-48 10 museum specimens (fluid preserved  collection of NMNH,
specimens No. 164—-167; study skins leg. |. Sokur
and skulls No. 3733, 3734, 3736, 3737,
3750; study skin No. 6281)
Vary 2018 field next to an old orchard N. Matyus, pers. com.

Vynohradiv Perekhrestia  1940s interviewing of elderly locals T. Héder, pers. com.

Curiously, in some Ukrainian speaking villages of Mukachevo Region, the local
name of the hamster is “hyrchyk” (Ukr.: «rmpumk»), which is practically the ukrainized
reproduction of the species’ Hungarian common name “hércs6g.” This may indicate the
long-time presence of the hamster in such villages, at least since the 19th century, when
the region was a part of Hungary.
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In addition to reports received from colleagues and locals, we also conducted field
research in order to find hamsters in locations beyond the reported ones, but without
positive results. Museum specimens of the common hamster from Transcarpathia are
deposited mainly in the mammal collection of NMNHU, most of which were collected
in the 1940s and 1960s.

Records. The list of records includes museum specimens and records reported
by zoologist colleagues and local residents (Table 2). In total, we have information on
7 record localities of the species.

The steppe mouse, Mus spicilegus Petényi, 1882

General information. The steppe mouse is a common species in the fauna of the
Carpathian Basin, including the countries neighbouring with Transcarpathia such as
Slovakia [8, 9, 23], Hungary [5] and Romania [4]. For Transcarpathia, the steppe mouse
was first mentioned in 1934 from the floodplain of the Borzhava river, namely from
vicinities of Velyki Komiaty, Vynohradiv Region [48]. However, further revision of speci-
mens revealed that they belong to M. musculus [29]. The steppe mouse was not men-
tioned at all in publications of the second half of the 20th century until the latest review
of the mammal fauna of Transcarpathia [3]. Although, it can be also related to the fact
that the species status of the steppe mouse was accepted in Ukraine only in 1989 [33],
shortly after it took place in Europe [6].

However, the description of the steppe mouse in the above-mentioned fauna re-
view [3: 156] contains several contradictive statements, including 1) the necessity of
discrimination of M. spicilegus from Apodemus agrarius, 2) the uncommonly large size
of mounds described (4 m in diameter and 0.8 m in height), and 3) the construction of
mounds from grass and remains of plants mixed up with soil. In practice, the issue is to
discriminate the steppe mouse from M. musculus, the size of mounds is far smaller and
their structure also differs from that described in the mentioned source. Therefore, the
authors of the review might describe some crop residues left in the fields by farmers
instead of mounds built by the steppe mouse.

Signs of presence and field diagnostics. In the field, there are two reliable signs
of the species’ presence: firstly, the specific mounds built by the animal, and secondly,
if the animal was captured, the absence of musky scent which is a very specific feature
of its sibling species, the house mouse, M. musculus. According to our data, mounds of
the steppe mouse in Transcarpathia (Fig. 2-3) do not differ substantially from those
studied in other regions of Ukraine (we have examined hundreds of them). Usually, they
are located on fallows, ruderal lands, field edges, and harvested crop fields (sunflower,
corn, and wheat). Small (“young”) mounds have conical shape, they are 20-70 cm
in diameter and 25-35 cm in height, while “older” and well-constructed mounds (espe-
cially second-year ones) are elongated, 100—-160 cm in length and up to 40 cm in height.
Mounds represent, basically, plant materials collected by the animals and covered by
a ca. 5-7 cm thick layer of ground. Around the mound, several (usually 10—15) pits can
be found from which the mice dug out the soil. The inner structure of the examined
mounds in Transcarpathia is usually represents three well distinguished layers: closest
to the ground and in the centre of the mound we found ears of grasses, mainly of Se-
taria viridis, covered by a relatively thick layer of hay-like plant material, while the outer
layer represents a ca. 57 cm thick cover of ground. Stocks of grains, achene, beans,
siliques, follicles, etc. were not revealed, which allows suggesting that mounds serve
rather for isolation (thermo- and hydro-) than food stores for winter.
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Records of the steppe mouse in Transcarpathia have yet been reported only based
on the species’ specific mounds, and attempts of trapping animals have been unsuc-
cessful. Currently, there are data about records of mounds from 8 localities (Table 3).

Table 3. Records of the steppe mouse (M. spicilegus) in Transcarpathia
Tabnuys 3. 3naxiaku muili kypraHueBoi (M. spicilegus) Ha 3akapnaTTi

Region Locality | Year | Record details Data source
Uzhhorod Palad-Komarivtsi 2005-07 ca. 10 mounds revealed [3]

Mali Heivtsi 2005-07 4 mounds revealed [3]

Mali Selmentsi  2005-07 7 mounds revealed [3]

Haloch 2005-07 11 mounds revealed [3]
Berehovo Hut 2018 14 mounds revealed on fallows, harvested our data

corn fields, vineyards

Mala Byihan 2018 9 mounds revealed on fallows and harvested  our data
corn fields

Rafailovo 2015 ca. 10 mounds revealed on corn fields during  our data
harvesting

Mukachevo  Barkasovo 2015 ca. 10 mounds revealed on corn fields during  our data
harvesting

Fig. 2. A mound of the steppe mouse on a harvested cornfield (left) and ears of Setaria viridis found inside
the mound (right). Near Hut, Berehovo Region in November 2018. Scale 5 cm

Puc. 2. KypraHyvk mMuLi cTenoBoi Ha npnbpaHoMy KyKypya3siHOMy noni (3niBa) Ta konocku Setaria viridis,
3HangeHi BcepeauHi kypraHus (cnpasa). Okonuui c. 'yt Beperiscbkoro p-Hy. Jluctonag 2018. Lkana
5cm
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Fig. 3. A mound found on a fallow (left) and surrounded by pits from which mice burried out the soil to build
the mound (right). Near Hut, Berehovo Region in November 2018. Scale 5 cm

Puc. 3. Kypranuuk, 3HangeHun Ha nepenosi (3niea) i OTOMEHWUI MKamu, 3 SKUX MWL BUKONanu rpyHT Ans
nobynosu KypraHus (cnpasa). Okonuui c. 'yt Beperiscbkoro p-Hy. Jluctonag 2018. LWkana 5 cm

Distribution and changes in abundance of the studied species
Analysis of all available data, often highly scarce due to the rarity of the studied
species, allows reconstructing the distribution range of steppe species in Transcar-
pathia. In particular, data show that the range of the European ground squirrel has two
segments in the region covering biotopes along the state border (Fig. 4), which are
practically the continuation of the species’ main range located in the Great Hungarian
Plain [10, 18].
T r iy - Spermaophilus citellus
@ Record localities

" Fig. 4. Records of the European ground
squirrel, S. citellus, in Transcarpa-
thia in the western (A) and sou-
thern (B) range segments

Puc. 4. 3Haxigkn xoBpaxa eBpOMNencbKoro,
i e S. citellus, Ha 3akapnatTi y 3axia-
01020 km SR ell ' : Homy (A) Ta nieaeHHomy (B) cer-
- i LR R S MeHTax apeany

The European ground squirrel is represented in the region by a very scarce popula-
tion, which is concentrated in the northwest part of the Transcarpathian lowland (Uzh-
horod Region). The species’ distribution is related almost exclusively to anthropogenically
transformed biotopes, mainly used as pastures. The vast majority of records is from the
zones of former floodplains that were already dammed by the time of the species’ first
records (in 1964). Earlier, it was suggested that damming of floodplains could be playing
a major role in either preservation of ground squirrel population or, basically, its emer-
gence in the result of dispersal from neighbouring regions of Slovakia and Hungary [64].
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The current population decline and range contraction of S. citellus in Transcar-
pathia, which has been observed during recent decades, in our opinion, might be rela-
ted to the decrease in livestock abundance leading to the contraction of the area of
pastures and to their successional overgrowth.

Unlike the European ground squirrel, the common hamster has demonstrated
a gradual increase in abundance and range, which could be related to the growing area
of agricultural lands in the region. According to our database, the common hamster, simi-
larly to the ground squirrel, has a mosaic distribution in Transcarpathia existing in
a number of local settlements. Most of the records are known from the lowland parts of
Uzhhorod and Mukachevo Regions, particularly from the area between the valleys of the
Uzh and Latorica rivers. The other, smaller range segment is located between the valleys
of the Tisza and Borzhava rivers in the south of the Transcarpathian lowland (Fig. 5). The
two range segments are certainly isolated, particularly by the area of the former Szernye
Mochar (i.e. Chornyi Mochar), a grand wetland complex, which currently, however, is sub-
stantially drained.

Available data show the contraction of the southern (B) range segment, while in the
western segment (A) the abundance of hamsters has increased in the past 10—-12 years.
In particular, we have data on frequent sightings of hamsters by locals near their estates,
as well as on catches of hamsters by domestic predators. For instance, in Korytniany,
Uzhhorod Region cats could catch about 25 to 30 hamsters during summer around
a single estate (V. Chumak, personal communication). In addition, frequent records of
roadkills also evidence the increase in abundance, e.g. in summer 2007 the average
number of roadkills on the 10 km long road section of Korytniany—Uzhhorod was
3-5 hamsters every morning (V. Chumak and R. Kish, personal communication).

Cricetus cricetus

S
G
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o

Fig. 5. Records of the common hamster,
C. cricetus, in Transcarpathia in
the western (A) and southern (B)
range segments

Puc. 5. 3Haxigkn xom’'sika  3BUYaMHOIO,
C. cricetus, Ha 3akapnatTi y 3axia-
Homy (A) Ta niBgeHHomy (B) cer- 0 1020 km
MeHTax apeany -

The growth in abundance of hamsters has been probably a temporal outbreak thus
the general tendency of population decline still takes place and the species should be
considered vulnerable in Transcarpathia. According to the Red Data Book of Ukraine [31],
the reason for population decline of the common hamster in Ukraine is its extirpation by
people. Indeed, during fieldworks in spring, hamsters may suffer large-scale extirpation
(V. Chumak, personal communication), although, as we can see, even under the con-
stant pressure of this factor the Transcarpathian population has managed to survive and
even increase its abundance. In our opinion, the local hamster populations in both range
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segments are more threatened by a wide use of pesticides, which became a common
practice during recent years.

Another important factor having influence on hamsters in case of population growth
is the death of animals on roads, which has become usual in the western (A) range seg-
ment (in particular, near Korytniany and Rakoshyno). Obviously, the species has no
adaptations to roads as environmental factors, and animals die when crossing roads
attempting to migrate to new sites. For comparison, during census of roadkills con-
ducted in 2004 in Transcarpathia we did not find any dead hamsters [58], although we
inspected roads that run through currently known localities. This also confirms the sig-
nificant population outbreak of hamsters during at least the last 10 years.

The steppe mouse is a recently discovered thus a little known species in the Trans-
carpathian rodent fauna. The species appeared here in the early 2000s and currently
known records allow suggesting that the steppe mouse also has a mosaic distribution
in the region having two range segments and, respectively, two routes of expansion
from the neighbouring Slovakia and Hungary (Fig. 6). However, such hypothesis in the
light of little available data is highly preliminary and new findings can be expected from

Mus spicilegus
< Record localities

Fig. 6. Distribution of the steppe mouse,
M. spicilegus, in Transcarpathia in
the western (A) and southern (B)
range segments

Puc. 6. lMowwnpeHHs muwi KypraHUeBoi,
M. spicilegus, Ha 3akapnatTi y 3a-
xigHomy (A) Ta niBgeHHomy (B)
cermMeHTax apeany

0 1020 km
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A significant number of mounds revealed in each locality allows suggesting that the
steppe mouse became a common species in areas of its occurrence. In Transcarpathia,
the steppe mouse inhabits fallows, vineyards, and agricultural lands (corn, sunflower,
and cereal fields) adapting to crop rotation. The examined content of mounds in vicini-
ties of Hut, Berehovo Region revealed the absolute predomination of ears of perennial
grasses, particularly of Setaria viridis. This concerns even mounds located directly on
crop fields. Possible further range dynamics of the species in the region should be
a subject of subsequent research.

Noteworthy, all three steppe species have generally similar outlines of their distribu-
tion range, as well as similar range fragmentation into two segments, western and
southern (see Figs 4-6). The range of each species tends to the lowland parts of valleys
of large rivers in the bordering areas of Transcarpathia.

Range dynamics in the context of landscape transformation

of the Transcarpathian lowland

Landscape transformation, especially of anthropogenic origin, has a large impact
on distribution patterns of steppe species. Being adapted to steppe and steppe-like

ISSN 1996-4536 (print) ¢ ISSN 2311-0783 (on-line) e BionoriyHi Ctygii / Studia Biologica e 2018 e Tom 12/Ne3—4 e C. 75-94



LIVING ON THE EDGE: DISTRIBUTION PATTERNS OF STEPPE MAMMALS IN TRANSCARPATHIA (UKRAINE) 87

biotopes, habitat loss leads to range contraction and fragmentation, especially on its
edge. Among steppe species of Ukraine, such process takes place in the greater mole
rat (Spalax microphthalmus), which population existing on the species range edge in
Eastern Ukraine underwent significant fragmentation during the past few decades [65].
However, large-scale landscape transformation also can create new habitats on range
peripheries suitable for emergence of new populations. In case of steppe species in
Transcarpathia, we witness an example of the latter process.

All three steppe species occur in Transcarpathia in anthropogenically transformed
biotopes and their abundance directly depends on human activity (decrease in cattle
breeding and successional overgrowth of pastures, increase/decrease of the area of
arable lands, use of plant protection chemicals, etc.). It begs the conclusion that distri-
bution ranges of steppe species in the region are not natural but secondary. Moreover,
the absence of natural populations in indigenous biotopes and, in fact, the absence of
typical key steppe habitats suggest that steppe species appeared in Transcarpathia as
the result of expansion from their main geographic range as suitable habitats gradually
appeared at the range periphery.

Natural complexes of the Transcarpathian lowland sufficiently changed during the
past two or three centuries, and the current landscape had been formed by the middle
of the 20th century. This could also explain the former absence of currently known
steppe species in the Transcarpathian mammal fauna. Landscape transformation oc-
curred here in two main ways as the result of which unique animal and plant communi-
ties were lost. On the one hand, it was the large-scale deforestation [20, 36]. On the
other, it was the regulation of rivers with damming of streambeds, as well as the drai-
nage of the Szernye Mochar (i.e. Chornyi Mochar) along with the Szernye Lake in its
eastern part. Szernye Mochar was a grand wetland complex in the central part of the
Transcarpathian lowland between the valleys of the Latorica and Tisza rivers (Fig. 7)
and it was almost completely drained in the period from the 1870s to 1950s [7, 28]. Both
processes, i.e. deforestation and river regulation, led to the gradual increase of the area
of disturbed and cultivated landscapes. Obviously, it contributed to the dispersal of
steppe plant and animal species to Transcarpathia from the Great Hungarian Plain.

The natural reasons for emergence of the steppe mammalian assemblage in Trans-
carpathia could be related to the ecological plasticity of species in its composition. In
particular, all three species occurring in the region show generalist tendencies allowing
them to occupy suitable habitats that appear on range periphery.

An important biological feature of steppe species of Transcarpathia is also their
way of wintering. All of the studied species, representing the northernmost steppe as-
semblages, have specific wintering adaptations practically allowing them to avoid the
direct influence of factors of winter. The ground squirrel and the hamster hibernate in
burrows, while the steppe mouse winters under the protection of mounds.

Analysis of species ranges shows that the common hamster is absent in the area
of the former Szernye Mochar, while the European ground squirrel occurs locally only in
its northwesternmost part. In our opinion, such distribution pattern is due to the annual
amassment of water on significant areas of the former Mochar in winter or in spring
(Fig. 8). Respectively, the water can fill up the burrows while the animals are hibernated
thus being unable to escape and eventually dying.

Therefore, regular annual flooding is probably an important limiting factor for the
ground squirrel and the hamster in the central part of the Transcarpathian lowland, while
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Mukaclng!ia.

Véasdrosnamény

Fig. 7. The former Szernye Mochar wetland (drawn after S. Frisnyak in [7]), which was gradually drained
between the 1870s and 1950s. Consequently, unique wetland complexes were lost in areas that con-
stantly (1) or temporarily (2) were covered with water. Instead, agricultural lands, pastures and other
secondary biotopes emerged, suitable for steppe species

Puc. 7. KonunwHin BogHo-60noTHMI komnnekc “CepHe mo4ap” (3rigHo 3 pucyHkom S. Frisnyak 3a: [7]),
KU nocTynoBo 6yno ocyleHo 3 1870-x 4o 1950-x pp. Y pe3ynbTaTi 3HULWEHO YHiKanbHi BOAHO-
60onoTHI KOMMMeKcU Ha AinsiHkax, Lo nocTiiHo (1) abo nepioanyHo (2) nepebysanu nig Bogot. Ha
IXHbOMY MiCLi BAHWKIM arpoLieHO3M, MacoBMLLA 1 iHLWI BTOPUHHI BioTonu, npuaaTtHi 4ns iCHyBaHHS
CTENnoBMX BUAIB

Fig. 8. Areal flood in the territory of the former Szernye Lake, a possible limiting factor of distribution of hiber-
nating steppe mammal species in Transcarpathia. View from Nagybereg, December 2017. Courtesy
of Laszl6 Téth

Puc. 8. HakonnyeHHs Boan Ha TepuTopii KoMULHLOro o3epa CepHe — hakTop, Wo, MMOBIPHO, NiMITye noLumn-
PEHHS 3UMOCNNAYNX CTENOBKX CcaBLiB Ha 3akapnatTi. Burnsg 3i c. Benwiki beperw, rpyaens 2017 p.
®orto: llacno TosT
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it has less impact on the steppe mouse. The steppe mouse winters close to the surface
and, since it does not hibernate, in case of flooding is able to get into safety in time,
while the ground squirrel and the hamster are hibernating in burrows which can be sud-
denly flooded when the animals are sleeping. Settlements of the European ground
squirrel and the common hamster in the southern part of the former Szernye Mochar
(range segment B) exist in well-dammed and canalized areas where the influence of
flooding is limited, just as the distribution of these species into neighbouring and peri-
odically flooded areas, which can explain the species’ restricted distribution in this part
of the region.

Protection and prospects of steppe species conservation

Patchy distribution pattern has an important influence on population dynamics, in
particular due to increasing of edge effects, limited gene flow in the result of isolation
between separate segments and the main part of the species range, increasing of in-
breeding, etc. [11, 15, 16]. As a result, the effective population size decreases that leads
to reduction in natural population growth as well [44]. The influence of such processes
probably takes place in the Transcarpathian part of the range of steppe species, which
explains their low abundance and rarity, and, in the same time, makes topical the issue
of their conservation. Currently, conservation issues especially concern two species,
namely the European ground squirrel and the common hamster, which are keystone
species in steppe and forest steppe ecosystems [56].

The current situation with S. citellus in Transcarpathia is critical due to contraction
of the area of suitable habitats thus the species is close to extinction. In the latest edition
of the Red Data Book of Ukraine, the species was already listed as extinct [32]. As pro-
posed earlier [64], the most promising ways of restoration of the ground squirrel popula-
tion in Transcarpathia could be the implementation of a complex of conservation measu-
res including the artificial release of animals. However, the decline in the area of suitable
habitats, in particular due to significant reduction of cattle breeding and of grazed pas-
tures in the region, might prevent the ground squirrel’s restoration. Further existence of
the species in the region is practically impossible without creating protected areas with
a respective level of grazing pressure.

As mentioned above, in recent years, local increase of the hamster’s abundance
had occurred on the background of general population decline in both Europe and
Ukraine. The hamster is threatened in Transcarpathia due to its direct extirpation by
people and domestic carnivores (probably by wild ones too), death on roads, use of
plant protection chemicals, etc. The reduction of spring-sown cereals in favour of winter-
sown cereals can also affect the survival of population, since in case of reduced food
supply females of the common hamster probably do not produce enough offspring for a
sustainable population [27]. Yet in case of long-term preservation of current population
trends, the expansion of the species’ range could be expected in the region.

Currently, the steppe mouse is in the stage of range expansion and its dispersal in
the region seems not to be limited by any obvious factor. Since the species is more com-
mon for agricultural lands, especially for field-edge habitats, human economic activity
contributes to the species dispersal. The current dispersal of the steppe mouse in Trans-
carpathia is similar to its expansion northward in the main part of the species range in
Ukraine, both in Podolia and in central and eastern Ukraine [19, 59].

Steppe species exist in Transcarpathia on the edge of their geographic range sur-
rounded by the Carpathians. Ecotone effects and respective consequences at the junction
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of steppe, forest steppe, and mountain biotopes determine the biogeographic uniqueness
of Transcarpathia as a model region in the study of co-existence of different faunal as-
semblages, in particular of steppe species alongside forest and mountain ones.
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XUTTA HA TPAHI: OCOBJIMBOCTI NOLUMPEHHA CTENOBUX CCABLIB
HA 3AKAPINATTI (YKPAIHA)

3. bapkaci, I. 3a2opodHrok

HauioHanbHuli Haykogo-rnipupodHuyul myseli HAH YkpaiHu
gyn. boedana XmenbHuybkozo, 15, Kuie 01030, YkpaiHa
e-mail: zlbarkasi@ukr.net

lMpoaHarnizoBaHO cknaj CTENOBOro KOMMNIEKCy y ckragi TepiodayHu 3akapnarTts
(YkpaiHa), Lo npeacTaBneHnin TpbOMa BUAaMu rpu3yHiB: XOBpax eBpPOnencbkun (Sper-
mophilus citellus), xom’sik 3BudanHun (Cricetus cricetus) i muwa kypraHuesa (Mus spici-
legus). Ui Buan paHiwe He posrnsgany y cknagi micueBoi dhayHn abo 3ragyeanu ix
nuLe y 3aranbHUX CrMcKax, 4acTo HaBiTb 3 OYEBUAHUMU NMOMUIKAMU KITHOHOBUX O3HAK
i Micub 3Haxigok. Y Ui npaui M1 nogaemMo AeTarnbHUA ONUC NOLLUMPEHHS KOXHOro cre-
noBOro Buay, 6asytounch Ha 3Haxigkax Lmx BUAiB y GioLeHo3ax Ta Ha iXHiX eKONorivyHmMx
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i BioreorpadiuHmx ocobnmeocTax. 3aranom, Bigomo npo 13 Micub cnocTepexeHb Sper-
mophilus citellus, 7 — Cricetus cricetus, 8 — Mus spicilegus. Takox BUSBNEHO 1 ONNCAHO
3aranbHi TeHOEHUiT LMX BUAIB: yCi TPU CTEMNOBUX BUAM TPANSATbCA HA PIBHUHHIN Yac-
TVHI 3akapnatTsa, Mk gonvHamu pidok Jlatopuusa i Tuca Ta Ha npunernnx AinsHkax.
3’sicoBaHo, WO CTenoBi BUAM Ha 3akapnatTi NoB’sA3aHi 3 aHTPOMiYHO TPaHCOPMOBaHU-
M1 BioTonamm: XoBpax €BPONENCLKUIA NepeBaXkHO TParSISeTbCA y300BX pidok (qambax
Yy pafioHax po3nuBy) i Ha nacoBuLax, ToAi K XOM'sIK 3BUYANHUIA | MULLA KypraHLueBsa
NnoB’A3aHi 3 arpoLeHo3amn. BigcyTHICTb NpUpoaHMX Nonynsuii B aBTOXTOHHMUX BioTonax
BKasye Ha Te, LLO CTEMNOBi BUAWN 3'ABUINCA Ha 3akapnaTTi BHACIiOOK eKCraHcii OCHO-
BHOMO apeary MOLUMPEHHS Y Mipy NOSIBU MPUAATHUX ONA MNOCENeHHsA OCenuLl Ha Kpai
apeany. Hanbnmk4ynin LeHTp NOLUMPEHHS KOXHOro Buay nepebyBae nosa perioHom [o-
cnimpkeHHs1, BnacHe Ha CepeaHbOoAyHaNChKI HU30BWHI, @ ONucaHi i3 3akapnatTs 3Haxia-
KN € MapriHanbHMMK: BOHW HecTabinbHi 1 HanexaTb OO0 30H nynbcadii apeany, Lo,
Y CBOIO Yepry, 3anexuTb Big NaHawadTHO-KITIMaTUYHUX dakTopiB i NOTOYHUX NaHaLwwad-
THUX 0CcOBNMBOCTEN piBHNHHOIO 3akapnatTd. CTaH i AMHamika KpanoBux Nonynsuin cTe-
noBuX BUAiB Ha 3akapnatTi MOXYTb OyTW 3HAYHOK MipPOK0 3yMOBIIEHI MAPONOriYHNM pe-
XMMOM, YMOBaMM1 3UMYBaHHS, JIFOOCHKOK OiSNbHICTIO TOLLO, @ TaKOX “KpanoBUMMK edpek-
Tamu”, WO 3a3BMyar MaroTb Miclie Y oparMeHTOBaHUX nonynsuisx. Bnnmeom takmx npo-
LLeciB MOXHa MOSICHUTU HU3bKY YMCENBHICTb | BUCOKMI CTYMiHb PapUTETHOCTI CTENOBUX
BWUAiB Y PErioHi, LLIO, 30Kpema, akTyanisye NMTaHHS IXHbOI OXOPOHU. Ha CborogHi nnTaHHs
OXOPOHM 0COBMNMBO CTOCYETHCSA ABOX BMAIB, 30KpEMA, XOBpaxa €BPOMENCHKOro Ta XoMm’'ska
3BUYANHOrO, SiKi € KNIOYOBMMU BUOAMM CTENOBMX i NICOCTEMNOBUX EKOCUCTEM.

Knroyoei cnoea: ctenoBa dayHa, rpusyHu, pigkicHi Bugu, 6iotonu, 3akapnarTs,
YkpaiHa

OpepxaHo: 17.10.2018

ISSN 1996-4536 (print) ¢ ISSN 2311-0783 (on-line) e BionoriyHi Ctygii / Studia Biologica e 2018 e Tom 12/Ne3—4 e C. 75-94



