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Abstract

Concluding data on distribution limits of small mammals that have isolated geo-
graphic ranges in the montane forest zone of the Crimean Peninsula are presented.
The analysis is based on data collected for forty years of mammal research in the
Crimea, with a total sampling effort of 600 000 trap-nights and more than 63 000
trapped specimens of small mammals. The article considers the geographic range
of two insectivore species of the family Soricidae (Neomys anomalus and Sorex
pusillus) and three rodent species that belong to the families Muridae (Sylvaemus
tauricus and S. uralensis) and Cricetidae (Microtus obscurus). These are forest-
dwelling species that find food, shelter and other favourable conditions necessary
for full and permanent existence of their populations in forest communities. This
group of Micromammalia is of the greatest interest from the viewpoint of zoogeog-
raphy and evolution since they have been geographically isolated from their main
range for thousands of years. Their gene pool therefore preserved both ancestral
genetic material and new alleles that have been amassed during the entire period of
isolation and have been filtered by natural selection. Range boundaries of these
species have been affected by various environmental components that have been
acting as main limiting factors. These are hydroclimatic factors (humidity and
moisture that determine meso- and microclimatic parameters of biotopes), floristic
factors (dominating flora composition that determine trophic and topic features of
local animal populations), and landscape and edaphic factors. Neomys anomalus
and Sorex pusillus are stenotopic and hygrophilous species that inhabit the wettest
biotopes of mountain forests of the Crimea thus they have the smallest geographic
ranges. The geographic range of Sylvaemus tauricus is wider and is related to the
distribution of oak-beach forests. The species Sylvaemus uralensis and Microtus
obscurus are the most eurytopic and their geographic range expands even to the
Crimean Lowland in a north-eastern direction. Natural and climatic conditions that
are present in the montane and piedmont zones are optimal for the species S. ura-
lensis and M. obscurus, which are thus abundant and dominating here among small
mammals.
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Meski mnomupeHHs ripcbKOJIICOBUX BU/IB APiOHUX cCaBIiB
(Eulipotyphla, Rodentia) y Kpumy

Irop €Bcrad’en

Pesrome. HaBeneHo mizcyMKoBi faHi o Mekax reorpadidHnx apeaiiB IpiOHHMX CcaBIiB, SKi MAIOTh 130J150-
BaHi apeaju B ripcbkoticoBiii 30Hi Kpumcbkoro miBoctpoBa. B ocHOBI aHami3y nexarts aani 3a 40-pidnuii nepi-
o[ BUBUCHHs (hayHH ccaBLiB Ha Teputopii Kpumy. 3a ueit yac BimnpansoBano 6inbiie 600 Trc. macTko-HOYeH i
BiJJIOBTICHO Oinble 63 THC. OpiOHUX ccaBLiB. B crarTi po3misHyTi apeanu OBOX BUAIB Insectivora, poauHu
Soricidae: Neomys anomalus i Sorex pusillus, Ta Tppox BuuiB rpusyHis (psx Rodentia): Sylvaemus tauricus,
S. uralensis (Muridae) ta Microtus obscurus (Cricetidae). i Buzi qpi6HuX CCcaBLiB 1O COCOOY KHUTTS € JIiCO-
BHUMHU MENIKAHIISIMH, SIKi B JIICOBHX TOBapUCTBaX 3HAXOAATH c0Ol 1)Ky, YKPHUTTS Ta IHIII CIPHUATINBI YMOBHU IJIS
MOBHOIIIHHOTO Ta TOCTIHHOTO icHyBaHHA 1X momyiinii. L{s rpyma Micromammalia mpeacTaBisie HanOinbIIniz
iHTEpecC 3 TOUKHU 30py 300reorpadii Ta eBOJIOLI], TaK K caMe BOHHU € TeorpadivHIMH 130JIITaMH Bil OCHOBHOT'O
apeajy MpoTAroM THCSUYONiTh. ToMy B iX momyssimiiHOMY reHo(OH/II 30eperiucs sK IPeIKOBi FTeHeTHYHI MaTe-
piany, Tak i 3'IBHIIMCA HOBi T€HHI XapaKTEPUCTHUKH, HAKOMTMYCHHS SIKUX HIIUTO BeCh MepioA 130Jsimii 1 GimeTpy-
Basiocs MpUpoIHUM Bindopom. Ha dopmyBaHHS Mex iXHIX reorpadiuHux apeaniB BU3HAYaJbHUI BIUIMB HaJa-
I0Th Pi3HI KOMIIOHEHTH CEpEeAOBHINA, SKi BHCTYIAIOTh B POJI OCHOBHHX JiMiTyrouux ¢akrtopis. Lle, mepmr 3a
BCE, — TIAPOKIIMAaTHYHI (aKTopu (BOJOTICTH MOBITPS i IPYHTY, IO BU3HAYAIOTH ME30- 1 MIKPOKJIIMAaTHYHI Ta-
pameTpu 0i0ToMiB); (IIOpHCTHYHI GakTOpH (TOMiHYIOUHIA CKiTal GIopH, Mo 3a0e3meuye OCHOBHI )KUTTEBI BiI-
paBJIEHHS MEIIKAIOUNX B HUX MOIMYJIIIIH TBapuH, SIK TPOPIYHMX, TaK i TONIYHMX); TaHmadTHI Ta exadivni pa-
ktopu. Buzu Neomys anomalus Ta Sorex pusillus — creno6ionTHi rirpodinu, siki HacensoTh HalBooTiIIi Gio-
TOIMM B Jiicax Tipcekoro Kpumy, ToMy BOHH MaiOTh HaiiMeHnn reorpadiuni apeamd. Apean Bumy Sylvaemus
tauricus mmpmmi, i BiH IpUB’A3aHKUIM 0 PO3IMOBCIOKEHHS 1y00B0O-0yKoBHUX JiciB. Bumau Sylvaemus uralensis
u Microtus obscurus — Haii6inbur eBprOIOHTHI BH/IH, apealld IKMX BUXOSTh HABITH HA TEPUTOPiI0 PiIBHHHHOTO
Kpumy B miBHIUHO-cXigHOMY HanmpsaMKy. [IpupoaHO-KIiMaTHYHI YMOBH, SIKi iICHYIOTb SIK B TIPCBKill, TaK i B mme-
peAripHiil IPUPOIHKX 30HAX, ONTUMANBHI 1uist BUAiB S. uralensis u M. obscurus, Tomy TyT 11 BHIM € (OHOBUMH
JIOMIHYIOYHMH BUIaMH cepel IPiOHUX CCABIIB.

KntogoBi cnoBa: ¢ayna, npiOHi ccaBii, TpU3yHH, 3eMIICpUIKH, apeann, Kpum.

Introduction

Yet in the 19th century, the very first zoologists who had started to study the nature of the Cri-
mea [Pallas 1831; Nordmann 1840; Koeppen 1883] paid attention to the specifics of the local fauna,
which had differed in many aspects from faunas of adjacent territories. Primarily it was the sharp
heterogeneity between faunas of the Crimean steppe and the Crimean Mountains. In terms of zooge-
ography, the Crimean steppe represents a slightly impoverished district of the steppe province of the
Euro-Siberian region of the Palaearctic, whereas the Crimean Mountains harbour a montane forest
fauna, which is close to the fauna of the Mediterranean south such as Transcaucasia, the Balkans,
Syria, and the Aegean Islands [Puzanov 1949].

The montane forest zone of the Crimean Peninsula represents a peculiar ‘island’ harbouring
populations of various mammal species that have been existing in isolation for thousands of years
and hundreds of kilometres far from the main part of their geographic range [Puzanov 1938]. The
role of isolating barriers for populations of Crimean mammals is played by the sea and open steppe
and semi-desert areas [Evstafiev 2010]. These sites are characterized by the absence of woody vege-
tation and arid summer climate.

Due to the centuries of isolation, the gene pool of populations of montane forest species has
changed under the influence of evolutionary factors. Since exchange of genetic material with indi-
viduals from other, mainland populations did not occur, their gene pool has become particularly
unique, which is yet to be studied. The distribution of all montane forest species of small mammals
within the zone of mountain forests is mosaic, though continuous in general, and range boundaries
are identical from the side of the Crimean southern coast.
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In the north, however, from the side of the Crimean steppe, range boundaries of montane forest
species vary. They are determined by the heterogeneity of the Crimean foothills, which represent a
wide transitional zone between montane meadows and forests and lowland steppe communities, as
well as by differences in the level of preference of montane forest species of various habitat types.

But how far north can montane forest species of small mammals disperse to the forest steppe
and steppe zones and what factors act as ecological barriers to range expansion beyond the territory
of the Crimean Mountains?

Material and Methods

General geographic features of the studied region and the materials and methods used were de-
scribed earlier [Evstafiev 2015]. The present work is based on materials collected during epizooti-
ological expeditions in the territory of the Crimean Peninsula by zoologists of the Crimean Anti-
Plague Station and of the Department of Especially Dangerous Infections of the Crimean Republican
Sanitary and Epidemiological Station.

Standard and widely accepted methods of census and trapping of small mammals were used
[Kucheruk 1952; Kucheruk & Korenberg 1964; Popov 1967; Karaseva & Telitsyna 1996]. The sam-
pling effort for the entire research period was 600 000 trap-nights and more than 63 000 specimens
of small mammals were collected. Primary data have been amassed in electronic spreadsheets using
Microsoft Excel [Evstafiev 2017].

Maps of geographic ranges of species were prepared in Quantum GIS v.1.7.4. using spreadsheet
data on trappings of small mammals. Each trapping locality of small mammals is a site of around
2 km in diameter with various types of habitats. Within each locality, trapping has been carried out
for the past 40 years for 1-3 to 1015 times in various years and seasons.

Maps presented in this article show the territories through which runs the northern ‘forest steppe
boundary” of geographic ranges of species considered. In Fig. 1, main trapping localities are shown
only within the area of the northern boundary of distribution of the considered forest-dwelling spe-
cies of insectivores and rodents.
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Fig. 1. Trapping localities of small mammals for the last 40 years. The red line outlines the boundaries of the moun-
tain forest zone of the Crimea: the descriptions of species ranges in this article refer to the periphery of this zone.

Puc. 1. Toukn Bijut0BY ApiOHUX cCaBIiB MPOTATOM ocTaHHIX 40 pokiB. UepBoHA JIiHIS OKPECITIOE MEXIi TipChKOIICO-
BOi 30HK KpuMmy: omucH BUIOBUX apealiB y Liil CTAaTTi CTOCYIOThCs nepudepil miei 30Hu.
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Trapping localities (there are too many of them) related to the montane forest zone of the Cri-
mea (indicated with a red line in Fig. 1), where the species considered have a continuous range, are
not shown in Fig. 1. At a first approximation, the boundary of the montane forest zone corresponds
to the hypsometric level of 250-300 m a.s.l.

In Fig. 1 and on maps showing range boundaries of montane forest species (Figs 2-6), the
boundary between the steppe and piedmont zones is indicated by a thin brown dashed line (after
[Andrienko et al. 1977]). At a first approximation, this line runs through the settlements Kacha—
Viline—Hvardiiske—Annivka—Naidonivka—Prudy—2Zolote Pole—Feodosia.  Its  hypsometric
value ranges from around 40 m a.s.l. in coastal areas (Kacha, Feodosia) to almost 140 m in the cen-
tral part of the piedmont zone (Hvardiiske).

A review of geographic range limits of isolated species

Family Soricidae Fischer, 1817

Both species of the family found in the Crimea—the Caucasian pygmy shrew (Sorex pusillus)
and the Mediterranean water shrew (Neomys anomalus)—are stenotopic and have the most restricted
geographic range in the Crimean Mountains.

Mediterranean water shrew (Neomys anomalus)

The Mediterranean water shrew is a rare species throuout its range (southern and central West
Europe and north-west Ukraine) and it is represented in the Crimea by the subspecies Neomys
anomalus mokrzeckii Martino, 1917.

In general, the species’ biology has been studied insufficiently [Flint et al. 1970; Evstafiev
2016]. In the Crimea, the Mediterranean water shrew has been found exclusively in the mountainous
part of the peninsula and it does not occur below 400-500 m a.s.l. The abundance of the Mediterra-
nean water shrew in the Crimea has remained low, and a total of 11 specimens have been caught for
the entire period of research.

Since the number of record localities of the species is very low, here we present all known lo-
calities not only the marginal ones. In particular, the Mediterranean water shrew was caught in the
southern, mountainous part of Bilohirsk (Balanov Reservoir), Simferopol, and Bakhchysarai raions,
as well as in the territory of Alushta Raion (near the sources of the Kacha and Chorna rivers, which
are located on protected areas) at a height of 300 to 600-800 m a.s.l. In addition, the species was
recorded (corpses of dead animals) near Velyka Yalta and in Sudak Raion (Fig. 2).

Mediterranean water shrews were caught in the years very unevenly. The first two individuals
were trapped in July 1987 on a single trap-line in Bakhchysarai Raion. The next time Mediterranean
water shrews were caught was eleven years after the first record: two specimens in 1998 and another
two in 1999 in Bakhchysarai and Simferopol raions. The latest known specimen was also trapped in
Bakhchysarai Raion in 2008.

The obtained data allows suggesting that the main range of the Mediterranean water shrew is
restricted to forested areas of the central and western parts of the Crimean Mountains, which are
located in the territory of Bakhchysarai, Simferopol, Bilohirsk, and Alushta raions. It can also be
suggested that the species occurs in hardly accessible areas of the eastern Crimean Mountains, from
the central part of Bilohirsk Raion to Sudak Raion to the east, which can be confirmed by a record of
the species near the village of Shchebetovka.

The analysis of rather scarce data on the abundance and distribution of the Mediterranean water
shrew shows that the species’ range covers forest habitats with the highest level of moisture along
banks of permanent or temporary bodies of water (mainly mountain streams).

Caucasian pygmy shrew (Sorex pusillus)

In the Crimea, the Caucasian pygmy shrew forms an isolated population that is clearly separat-
ed from the species Sorex minutus, which is widely distributed in the Palaearctic [Dolgov 1985].
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Fig. 2. The Mediterranean
water  shrew  (Neomys
anomalus) in the Crimea:
circles — all record locali-
ties of the species; red bold
dashed line — the sup-
posed northern edge of the
species’ range in the mon-
tane forest zone.

Puc. 2. Psconibkka Maina
(Neomys anomalus) B
Kpumy: Toukm — Bci Mic-
O BIAJIOBY PSICOHIXKOK;
YyepBOHa (KUpHA) IIyHK-
TUpHA JiHIT — 1MOBipHa
IiBHIYHA MeXa apeayry BH-
Iy ¥ TIpCBKOJIIICOBIH 30Hi.

Fig. 3. The Caucasian

pygmy  shrew  (Sorex
pusillus) in the Crimea:
circles — the most

northern and northwestern
record localities of the
species; red dashed line —
the supposed northern edge
of the species’ range in the
montane forest zone.

Puc. 3. Miguus noHTHYHA
(Sorex pusillus) 8 Kpumy:
TOYKHM — HaWOIIbII IMiBHI-
yhgi Ta NiBHIYHO-3aXigHl
MICIIS BiIJIOBY; YepBOHA
MYHKTUPHA JIiHiS — IMOBI-
pHa MiBHIYHA Meka apeary
y TipCBKOJIICOBIi1 30Hi.

Research on shrews of the Crimea allowed S. Dahl [Dahl 1931] to consider them as Sorex
minutus gmelini Pallas, 1811. However ‘Sorex gmelini’ (Pallas, 1811) is identical to S. pusillus
Gmelin, 1774, not to S. minutus, and thus the name ‘Sorex (minutus) dahli Zagorodniuk® [Zago-
rodniuk 1996] was proposed for the Crimean shrew, which is completely isolated from the continen-
tal form. The word ‘minutus’ here denotes a group of species not a particular species, for which it
was proposed to consider the Caucasian S. pusillus [Zagorodniuk 1996: 59], also known as ‘S. vol-
nuchini Ognev, 1922.” The latter is also supported by molecular data [Vega et al. 2020]. The species

has been known in the Crimea since the Pliocene [Dulitsky 2001].

The current distribution of the Caucasian pygmy shrew in the Crimea covers the zone of shibli-
ak and deciduous forests alternating with shrubberies (Fig. 3). The northern range edge of the spe-
cies in the Crimea practically coincides with the boundary between the forest and piedmont zones,

while most records of the species come from below 300 m a.s.l.

A practically isolated micropopulation of the Caucasian pygmy shrew in shibliak near the vil-
lage of Kazanky of Bakhchysarai Raion should be mentioned separately. This micropopulation has
been existing here during the entire period of research. The species’ abundance is low everywhere
and only in separate years it can slightly increase reaching 3% of catches in 100 trap-nights.
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Family Muridae Illiger, 1811

Of the representatives of this family, three species have isolated geographic ranges in the mon-
tane forest zone of the Crimea: the yellow-necked wood mouse Sylvaemus tauricus s. str. (Pallas,
1811), pygmy wood mouse Sylvaemus uralensis (Pallas, 1788) [Heptner, 1940], and black rat Rattus

rattus ruthenus Ognev et Stroganov, 1936.

Yellow-necked wood mouse (Sylvaemus tauricus)

The yellow-necked wood mouse was first described in the Crimea by Pallas based on materials
from Chersonesus (now vicinities of Sevastopol) as ‘Mus sylvaticus var. taurica’ [Pallas 1811: 168],
which later was accepted as species name for all European large forms of wood mice—Sylvaemus
tauricus (= Apodemus flavicollis auct.) [Zagorodniuk 1992]. Accordingly, the montane forest popu-
lation of this species is represented by the nominate subspecies Sylvaemus tauricus tauricus.

The yellow-necked wood mouse is a specialized granivore of woody plants (oak, beech, horn-
beam and some others), the geographic range of which in the Crimea is thus restricted to forests of

the montane forest zone of the peninsula (Fig. 4) [Evstafiev 2003, 2015a].
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Fig. 4. Northern range edge
of the yellow-necked wood

mouse  (Sylvaemus tau-
ricus) in the Crimea.
Puc. 4. [IliBHiuHa Mexa

apeaily MHUIIIAKa XOBTOIPY-
noro (Sylvaemus tauricus)
B Kpumy.

Fig. 5. Northern range
boundaries of the pygmy
wood mouse (Sylvaemus
uralensis) in the Crimea
with some details on the
northern and northwestern
directions. Numbers 1 and
2 mark isolates beyond the
main range (details in the
text).

Puc. 5. ITiBHiuHi Mexi ape-
any mumn ypanbepkoi (Syl-
vaemus uralensis) 8 Kpumy
3 JeTami3ali€lo y MiBHIY-
HOMY Ta MIBHIYHO-3aXiJIHO-
My Hanpsmkax. Luppamn 1
i 2 MO3HAYEHO 130JITH 11033
OCHOBHHM apeaioM (aeTani
y TeKCTi).
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Studies have revealed that the share of yellow-necked wood mice in woody-shrubby biotopes of
the forest zone is 35.1% of all small mammals trapped in this zone, whereas 10.3% in the foothills.
In natural herbaceous biotopes (glades, forest edge), yellow-necked wood mice made up 19.1% of
trapped small mammals in the forest zone and 5.1% in the foothills [Evstafiev 2004].

The yellow-necked wood mouse is widely distributed within its range, which can be confirmed
by the share of trap-lines on which the species was recorded. In the montane forest zone, the share of
productive trap-lines was 63.3% on woody-shrubby biotopes and 46.9% in herbaceous ones; these
numbers in the piedmont zone were 30.7% and 20.1%, respectively.

Pygmy wood mouse (Sylvaemus uralensis)

The pygmy wood mouse is represented in the Crimea by the subspecies Sylvaemus uralensis
bessleri Dahl 1929, which was described as ‘Sylvaemus sylvaticus baessleri’ based on materials
from the Crimean Mountains (‘Crimean State Reserve’: Dahl 1929]. Its distinctness has drawn the
attention of systematists many times [Heptner 1940; Zagorodniuk 1992], and in the structure of the
geographic range of this species the Crimean population clearly has a distinct position as well
[Zagorodniuk 2020].

The pygmy wood mouse is one of the most abundant small-mammal species of the montane
forest and piedmont zones of the Crimea. Its share is 29.4% of the total number of trapped small
mammals in the forest montane zone and 39.1% in the piedmont zone. In biotopes of the steppe zone
of the peninsula, the share of the species in samples does not exceed 5.3%.

The geographic range of the pygmy wood mouse covers most parts of the montane forest and
piedmont zones of the Crimea; its northern boundaries with some details on the northern and north-
western directions are shown in Fig. 5. The map shows two isolates located beyond the main range:
(1) near the villages of Vilino, Otradne, and Kochergino of Bakhchysarai Raion; and (2) record lo-
calities in the steppe zone of Kirovske Raion (blue dashed line). This species, similarly to the ‘com-
mon’ vole, enters steppe areas through forest stripes and river valleys, but does not occur north of
the valley of the Salgir River.

Black rat (Rattus rattus ruthenus)

The black rat is an autochthonous species of the Crimea and currently is the least studied and
the rarest species among small mammals of the peninsula. The distribution of the species in the Cri-
mea is restricted to the narrow strip of the southern coast. Single individuals of the black rat were
occasionally recorded only in forest and woody-shrubby biotopes, in vicinities of Velyka Yalta.

The origin of these rats is unclear. It is possible that they had arrived to the Yalta Seaport on
ships and subsequently dispersed to anthropogenic and natural biotopes of Velyka Yalta. Cases of
transportation of black rats to seaports of the Crimea (Kerch, Yalta, and Sevastopol) by merchant
ships and the subsequent settlement of animals in the port’s territory have been recorded numerous
times [Evstafiev, 2015b, 2020].

Family Cricetidae Fischer-Waldheim, 1817

Altai vole (Microtus obscurus). The vole that inhabits the montane forest south of the Crimean
Peninsula had been considered a subspecies of the common vole M. arvalis iphigeniae Heptner,
1946 [Heptner 1946; Ognev 1950]. Currently, M. obscurus is recognized as separate species, which
is represented in the territory of the Crimea by a geographically isolated subspecies M. o. iphigeniae
Heptner, 1946 [Zagorodniuk 1993].

The Altai vole is the most abundant species in the montane forest zone occurring in yaylas,
glades, trails, burnt areas, and on the forest edge. On the other hand, the species avoids continuous
deciduous forest with no herbaceous undergrowth, which is related to its feeding specifics. A total of
7870 specimens of M. obscurus were collected (64.5% in the mountains, 30.2% in the foothills, and
5.2% in the steppe); their share among all trapped small mammals was 47.2%, 25.6%, and 1.3%,
respectively.
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The species’ long-term relative abundance was 5.0, 2.6, and 0.1 individuals per 100 trap-nights.
The aggregated distribution of the species in a particular biotope can be suggested by the number of
trapped voles on one productive trap-line (100 trap-nights), which was 9.1, 6.6, and 3.9 individuals.

The geographic range of the Altai vole is rather wide and similar to that of the pygmy wood
mouse. The northern range boundary of the species in the Crimean Peninsula generally coincides
with the boundary of the piedmont zone (Fig. 6). Only in the north-eastern direction beyond the
piedmont zone the species has been found in the steppe as relative large isolates, practically in the
entire territory of Kirovske Raion and in part of Sovietskyi Raion (see circles No. 2 within the blue
dashed line in Fig. 6). The northernmost isolate of M. obscurus beyond the main range was found in
vicinities of the village of Almazne in Sovietskyi Raion.

The origin of the montane forest mammal assemblage

In order to understand how and when isolated populations of small mammals appeared in the
montane forest zone of the Crimea along with their specific complex of ectoparasites we should
consider the peninsula’s geological history.

Modern lowland and mountain landscapes of the Crimean Peninsula had formed during the Ne-
ogene period of the Cenozoic. It was the time when the Crimean Mountains emerged in the south of
the peninsula [Puzanov 1938]. In the Pleistocene, the time of large-scale glaciations and alternating
periods of glaciations and interglacials, the formation of most of the modern forms of relief, faunas,
and floras had completed.

The last glacial maximum in the north of Europe took place in the territory of modern Scandi-
navia about 100 000 years ago. The ice sheet, which could reach a depth of 2 km, had expanded
forcing animals and plants to the south. At that time, sea level had dropped and various kinds of land
bridges had appeared allowing many species to spread into new and earlier inaccessible territories,
including the area of the Crimean Mountains.

About 7000 years ago, climate had become warmer and continental glaciers had disappeared
permanently. The steppe zone of the Crimean Lowland acquired its modern form [Gromov 1961].
Animal species that had colonized mountain forests of the Crimea had lost their connection with
their continental populations forming local isolates. The modern fauna of terrestrial mammals of the
Crimea has been forming since that very time [Dulitsky 2001].

At present, the group of terrestrial montane forest small mammals in the Crimean Peninsula is
represented by two insectivore species (Caucasian pygmy shrew Sorex pusillus and Mediterranean
water shrew Neomys anomalus) and three rodent species (yellow-necked wood mouse Sylvaemus
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tauricus, pygmy wood mouse Sylvaemus uralensis, and Altai vole Microtus obscurus). At the same
time, the Caucasian pygmy shrew (as ‘S. minutus gmelini Pallas’) and the Mediterranean water
shrew (as N. anomalus mokrzeckii Martino) are considered rare and endangered taxa that require
protection [Tovpinets & Evstafiev 2002, 2005].

This group of small mammals represents the greatest interest from the viewpoint of zoogeogra-
phy and evolution for having been geographically isolated from the main species range for thou-
sands of years. Their gene pool has preserved ancestral genetic materials but also acquired new ge-
netic features that have been amassed during the entire period of isolation and have been filtered by
natural selection. Therefore, considering the importance of biodiversity conservation and as detailed
as possible account of intraspecific genetic structure of species, the study of isolated population is of
great interest on both morphobiological and molecular levels [Evstafiev & Tovpinets 2002].

A brief description of small mammals of the Crimean Mountains

A detailed description of the fauna, ecology, and epizootology of small mammals of the Cri-
mea, including montane forest species, was presented earlier [Evstafiev 2015, 2016, 2017] thus here
we only consider some aspects important to the topic of the present study.

The core of the small-mammal assemblage of the montane forest zone includes species that
have isolated geographic ranges here. The Altai vole is a clearly dominating species and its share in
trappings varies from 35.6% to 71.6% and in average is 46.2%. The pygmy wood mouse is a sub-
dominant (29.4%) followed by the yellow-necked wood mouse (19.2%), while the share of other
species is less than 2%.

In the piedmont zone, which is transitional between the montane forest and steppe zones, is a
specific ecotone with highly varying abiotic and biotic environmental factors and the highest diversi-
ty of biotopes. As a result, species of the montane forest and steppe zones co-exist in this territory.

The fauna of the foothills is quite variable and mosaic, which is related to the ecological prefer-
ences of local species and depends on meso- and microclimatic conditions of particular habitats. Wet
and shady biotopes with woody-shrubby vegetation are inhabited by species of the montane forest
mammal assemblage, whereas light, dry, and steppe-like habitats are occupied by species of the
steppe mammal assemblage.

Therefore, the Altai vole in the piedmont zone (25.7%) is dominated by the pygmy wood mouse
(39.1%) and is followed by the steppe wood mouse Sylvaemus witherbyi (11.7%), house mouse Mus
musculus, yellow-necked wood mouse Sylvaemus tauricus, social vole Microtus socialis, and lesser
white-toothed shrew Crocidura suaveolens.

Factors affecting geographic range limits of isolated species

The formation of range boundaries is affected by a set of biotic and abiotic factors [Lobkov
2004; Lee-Yaw et al. 2016]. The southern range edge of all forest-dwelling species practically coin-
cides with the southern coast of the Crimea, where the species considered do not occur below 300—
500 m a.s.l. Their range boundaries are determined here by the characteristic southern coastal land-
scape (rather steep and rocky mountain slopes), quite dry though warm climate, and characteristic
xerophytic Mediterranean vegetation [Kochkin 1967; Andrienko et al. 1977; Shcherbak 1988].

Contours of geographic ranges are determined by ecological features of species [Lee-Yaw et al.
2016]. All of the considered species of small mammals recorded in the piedmont and forest zones
are forest-dwelling animals according to their ecological needs and require the presence of woody-
shrubby vegetation as source of food and shelter. They react differently to the impact of various
abiotic and biotic components of the ecosystem, which defines the main features of their habitats
[Slonim 1971]. The habitat of each species is an ecological niche in the structure of a particular natu-
ral ecosystem, i.e. a place in the natural environment where individuals of species are able to find
food, shelter, protection, and mating partners.
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Since individuals of the considered species react differently to the main structural components
of the ecosystem, it is important to identify those that are essential for the formation of biotopes and,
respectively, range boundaries [Abdurakhmanov et al. 2003; Babenko & Markov 2017].

Mediterranean water shrew (Neomys anomalus) and Caucasian pygmy shrew
(Sorex pusillus)

The Mediterranean water shrew is a hygrophilous species with low ecological plasticity and
thus can be considered as a stenotopic species. Its stenotopic feature is the most evident regarding to
the level of moisture of the habitat. The Mediterranean water shrew is adapted to live under condi-
tions of increased moisture and prefers to settle under the canopy of deciduous forest, where it in-
habits dense herbaceous and shrubby vegetation in marshy and wet areas, floodplains, banks of
streams and other small bodies of water. Such biotopes occur quite rarely in the montane forest zone
of the Crimea and thus the geographic range of this species is very restricted (see: Fig. 2). Being
stenotopic is what limits widespread distribution and defines local distribution patterns.

The Caucasian pygmy shrew has habitat preferences similar to those of the Mediterranean water
shrew thus geographic ranges of the two species in the montane forest zone of the Crimea often
overlap (see: Fig. 3). The Caucasian pygmy shrew is also hygrophilous and stenotopic, though has a
higher level of ecological plasticity, especially regarding moisture. Respectively, this species inhab-
its not only banks of waterbodies in moist forest habitats, but also occurs in dense herbaceous and
shrubby vegetation under the canopy of deciduous forest, in loose forest floor, and hollows in the
soil and rotting wood.

The Caucasian pygmy shrew as a more eurytopic species in comparison with the Mediterranean
water shrew is able to spread into the piedmont zone along valleys of permanent rivers, such as
Chorna, Kacha, Alma, and others. However, it does not form abundant settlements here either.

The stenotopic nature of both insectivore species limits their ability for widespread distribution
under conditions of the arid Crimean climate and determines their mosaic occurrence. These species
have all-years-long access to diverse food including insects, terrestrial crustaceans and other small
invertebrates only in highly humid microhabitats. Beyond such habitats, especially in ones with low
humidity, these animals loose water fast, which leads to their dehydration and death. Therefore,
these two species cannot exist in xerophylic and even mesophylic biotopes of the Crimean Moun-
tains for long time. Due to the lack of precipitation in summer months, most small streams and
springs dry up and after the vegetation period of spring ephemerals completes the second herbaceous
plant cover cannot be formed in forest balkas and valleys. This leads to the lack of diverse inverte-
brates here, which form the food base for both shrew species.

The dry air and forest floor during the entire summer are limiting factors that affect the for-
mation of highly mosaic geographic ranges of these shrews, mainly in the middle and upper belts of
the forest zone.

Yellow-necked wood mouse (Sylvaemus tauricus)

The yellow-necked wood mouse as a specialized granivore is trophically and topically closely
related to deciduous trees, such as oak, hornbeam, beech, and others. It can be clearly traced by the
boundaries of its range: the species spreads into the piedmont zone only through continuous forests
of oak and hornbeam with Oriental hornbeam, European cornel and other shrubs in the understorey
(see: Fig. 4). At the same time, the yellow-necked wood mouse avoids light sparse woods with well-
developed herbaceous vegetation.

Pygmy wood mouse (Sylvaemus uralensis) and Altai vole (Microtus obscurus)

Geographic ranges of the pygmy wood mouse and the Altai vole (see: Figs 5-6) are similar and
the widest. Their northern edge practically coincides with the conditional boundary between the
piedmont and steppe zones in Bakhchysarai, Simferepol, and Bilohirsk raions. It runs along the
northernmost sites of the downy oak that form isolated shibliak-type woods here alternating with
agricultural lands.
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In the south-east of the Crimean Lowland, geographic ranges of these two species reach the
steppe zone in Kirovske Raion, even up to the bank of Lake Syvash, which practically coincides
with the second zone of hydrological zonation that covers the area of river valleys of the eastern
slope of the Crimean Mountains [Ovcharuk & Todorova 2016]. This area is crossed by the main
streambed of the North Crimean Canal as well as valleys of many rivers that flow from the Crimean
Mountains (from Biyuk-Karasu in the north to West Bulganak, Indol, Subash and others in the
south-east) and is generally characterized by more hygrophilous conditions that contribute to higher
productivity of vegetation during the entire summer. This provides sufficient food base for the her-
bivorous Altai voles and mainly granivorous pygmy wood mice.

Isolated populations and zoogeographic division. Synperates

Currently two approaches are used to zoogeographic zonation: faunagenetic and landscape-
zonal (zonal-climatic). The faunagenetic approach focuses on endemics and relics, the presence of
which underlines the uniqueness and ancientry of fauna of a particular region [Menzbir 1934; Se-
menov-Tyan-Shansky 1935], whereas the landscape-zonal approach is based on the study of animals
that are ecologically related to habitats (components of phytocoenoses) and to each other. In the
latter case, zoogeographic regions often coincide with landscape zones, which is also observed in the
Crimean Peninsula.

Regardless of the approach of zoogeographic division, the establishment of boundaries between
different zoogeographic units is of great importance in order to determine the uniqueness of faunal
assemblages. In the course of zoogeographic zonation, regional units are formed by superimposition
of range boundaries regardless of their coincidence with natural barriers—geographic, climatic, or
other. For this purpose, the method of synperates is used [Reshetylo 2012], when range boundaries
of various species are superimposed on a map and they coincide or turn out to be closely located to
one another (Fig. 7). The revealed stripes of concentration of range boundaries are synperates, which
usually coincide with various barriers of species dispersal. At present, however, the exact geographic
range is known only for less than 1% of organisms thus the value of synperates as a biological pre-
requisite of determination of geographic assemblages of the biota has been limited so far.

Analysis of obtained data revealed that geographic ranges of the species considered demonstrate
the presence of two synperates. One is formed by ranges of the Mediterranean water shrew, Cauca-
sian pygmy shrew, and yellow-necked wood mouse, and another one is formed by ranges of the
pygmy wood mouse and the Altai vole.

The first synperate is clearly associated with the montane forest zone, whereas the second one is
not related to any obvious geographic barriers. In the south-western and central parts, range bounda-
ries practically coincide with the boundary between the piedmont and steppe zones, while in the
north-western part the synperate expands to the lowland steppe area. At the same time, ranges of
West Palaearctic species form the first synperate, whereas the second synperate is related to East-
Palaearctic species.

When analysing (visualizing) geographic ranges of the considered species (Fig. 7), it can be
seen that they form a specific ‘Russian doll’ when in the row of Neomys anomalus — Sorex pusillus
— Sylvaemus tauricus — Sylvaemus uralensis — Microtus obscurus the range of each subsequent
species includes the range of preceding species. At the same time, the relative abundance of each
species in this sequence also shows an increasing tendency.

An important prerequisite of formation of geographic assemblages of the biota is the superim-
position of area and outlines of geographic ranges of many taxa: small mammals, their arthropod
parasites, birds, and others [Mordkovich 2005]. The revealed synperates show that each groups of
species is characterized by similar habitat preferences and environmental requirements. The coinci-
dence of range boundaries is not a universal though quite widespread phenomenon largely favoured
by coenotic relations of species and especially by the determination of ecological successions
[Razumovsky 1999].
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Fig. 7. Northern range boundaries of all of the studied species based on data presented in Figs. 2—6. Numbers indicate
landmark cities: 1) Sevastopol, 2) Simferopol, 3) Bilohirsk, 4) Feodosia.
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Therefore, the Crimean foothills represent an ecotone between the forest and steppe natural
zones and a region of concentration and superimposition of range boundaries of various species,
including those considered in this study.

Conclusions

1. All of the considered species of insectivores and rodents related to the Crimean Mountains
are forest-dwelling species that find food, shelter, and other conditions for full and permanent exist-
ence of their populations in woody-shrubby communities. These species form isolates in the Crimea,
which are entirely separated from other populations of respective species.

2. Studies revealed that the formation of range boundaries of groups of species and particular
species is affected by various components of the environment acting as basic limiting factors.
Among them, the most important are (1) hydroclimatic factors: humidity and moisture that define
meso- and microclimatic parameters of biotopes; (2) floristic factors: dominating composition of
vegetation that supports basic vital functions of animal populations, including trophic and topic re-
quirements; (3) landscape and edaphic factors.

3. The Mediterranean water shrew (Neomys anomalus) and Caucasian pygmy shrew (Sorex pu-
sillus) are stenotopic hygrophilous species inhabiting the wettest biotopes of montane forests of the
Crimea. Due to high aridity and insufficient amount of precipitation (especially in summer), the
number of favourable biotopes suitable for all-year-long existence is quite low thus these species
have restricted geographic ranges and low population abundance.

4. The geographic range of the yellow-necked wood mouse (Sylvaemus tauricus) is wider and
associated with the distribution of deciduous oak-beech forests with admixture of hornbeam, Orien-
tal hornbeam, European cornel, and others. The pygmy wood mouse (Sylvaemus uralensis) and Altai
vole (Microtus obscurus) are the most eurytopic species, the geographic ranges of which expand
north-east to the territory of the Crimean Lowland up to Lake Syvash. The species Sylvaemus ura-
lensis and Microtus obscurus are the most abundant among small mammals in the montane and
piedmont zones and they dominate in most small-mammal communities.
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