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The biogeographic groups of rodent (arvicoline) and beetle species in the modern fauna of the Urals and
Western Siberia based on the longitudinal patterns of their present-day distribution are established.
Occurrence of species of the Transpalearctic, West Palearctic (European), East-Palearctic, and Central-
Palearctic faunal groups is estimated at different stages of the Late Quaternary development of the
present-day fauna of the region. The border between the European and East-Palearctic faunal groups
represents a vast territory where the ranges of the species included in those groups intersect. The border
territory includes the Ural Mountains and the lowlands lying west and east of it (the East-European Plain
and the West Siberian Plain). The biomes of those territories represent the North-Eurasian corridors
providing migrations of species from the different faunal complexes in the west—east, east—west, and
north—south directions. The importance of the study area for faunal correlations throughout the
continent is determined by presence of the key arvicoline taxa traditionally used for correlation purposes
(taxa Dicrostonyx, Lagurus, Microtus gregalis), and by the gradual change in faunal composition along the
latitudinal gradient of environment at any given stage of the Quaternary. Transzonal faunal correlations
within the Urals and Western Siberia integrating the evolutionary morphological studies of the key taxa

and assessment of the faunal successions may serve as a basis for Trans-Eurasian correlation.

© 2011 Elsevier Ltd and INQUA. All rights reserved.

1. Introduction

Nowadays, the Urals and Western Siberia represent a biogeo-
graphic crossroads in the Northern Eurasia where the ranges of
European, Siberian and transpalearctic faunal elements intersect
(Bol'shakov et al., 2000; Kozyrev et al, 2000; Zinovyev and
Olshwang, 2003; Ravkin et al., 2009, etc.). The Urals has been
suggested by Hewitt (1996, 2004) as a possible suture zone, i.e. an
area with a clustering of contact zones, hybrid zones, and phylo-
georaphic breaks (Remington, 1968; Swenson and Howard, 2005).
According to the studies on clustering of contact zones and phy-
logeographic breaks (Hewitt, 2004; Swenson and Howard, 2004,
2005; Swenson, 2006), the distribution of species and genetic
diversity within species are differently patterned within and
among regions and biomes in relation to the histories of climatic
changes and to geographical background. The patterns of
geographical distribution of extant species and genetically distinct
forms within species appear to reflect the biogeographical speci-
ficity of the Urals and Western Siberia determined by the
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geographical position and geological history of the region during
the Quaternary. Formation of modern biomes took place on the
basis of the Pleistocene biomes that had been drastically trans-
formed during the Late Quaternary, namely at the Late Pleistoce-
ne—Holocene transition. As compared to the European territory,
which is relatively well-studied with respect to paleogeographic
patterns and faunal relationships in the Late Quaternary (Markova,
1998; Taberlet et al., 1998; van der Made, 2011), the central part of
Northern Eurasia has received much less consideration.

This paper brings attention to the following issues. First, do the
different faunal elements (rodents and insects) reflect the same
biogeographic patterns? Second, how is the crossroads position of
the region is reflected in the Late Quaternary fossil record? Third,
what are the perspectives of the region for faunal correlations
throughout Europe and Asia? Four, how can the data on present-
day distribution of the key taxa be used for biostratigraphical and
paleoecological purposes?

To address those issues, the focus is on the two model groups —
arvicoline rodents and beetles that represent homoiothermal and
poikilothermal components of the biota. Those groups represent
traditional objects of biostratigraphical, biochronological, and
paleoecological studies (Agadjanian, 1979; Medvedev, 1979). Arvi-
colines are commonly employed in Quaternary biostratigraphy due
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to their rapid evolution, abundant fossil record, and wide
geographical ranges. Their remains provide paleoenvironmental
and paleoclimatic evidence on a number of levels (from the major
vegetation types at regional and continental scales to local envi-
ronments). Beetles are strictly confined by temperature conditions
and show high levels of ecological and morphological stability.
Beetle species are attributed to particular layers of terrestrial phy-
tocenoses that allows their use as indicators of soil, humidity,
insolation, and vegetation type.

The Quaternary history of fauna of the region can be divided into
three stages (Smirnov, 1992, 1993, 2001): 1) gradual trans-
formations of biomes during the Pleistocene; 2) revolutionary
biotic changes (Upper Pleistocene—Holocene transition), and 3)
recent (Holocene) stage of development of the biomes. This study
focuses on the Late Pleistocene and Holocene stages of develop-
ment of the present-day biomes in the region. Since the Late
Pleistocene, the insects and rodents of the Urals and Western
Siberia are represented by modern species that makes it possible to
use the data on their zonal-biotopical reguirements to reconstruct
the landscape, climatic and environmental characteristics of the
quaternary ecosystems and enables direct comparison of
geographic distributions in living and extinct forms within the
same species.

The study is aimed to outline directions and extent of trans-
continental and regional faunal interchange through the territory
of the Urals and Western Siberia during the Late Quaternary, and
the development of present-day biomes of the regions (based on
the key rodent and insect taxa).

2. Regional setting

The Ural Mountains represent a mountain system in the middle
of Eurasia stretching from the Arctic coast in the north to the
Mugodzhar Hills of Kazakhstan in the south. Geographically, the
Ural Mountains mark the northern part of the border between the
continents of Europe and Asia. The West Siberian Plain formed by
the Trans-Ural peneplain that to the east transforms into an accu-
mulative plain is one of the largest plains in the world, providing an
opportunity to assess both the climatic gradients and the differ-
ences in geological history reflected in sedimentation characteris-
tics (Arkhipov et al., 1977; Stefanovsky, 1997).

Latitudinal landscape zonality is strongly pronounced in the
West Siberian Plain, where the tundra (arctic and subarctic), forest-
tundra, taiga, forest-steppe, and steppe biomes are distinguished
(Ilyina et al., 1985). In the Ural Mountains, the same biomes are
present, although the latitudinal zonation is complicated by alti-
tudinal gradients in elevated areas (Olenev, 1965). In Western
Siberia, the large river valleys provide the pathways for the inter-
osculation of southern and northern faunal elements.

Through the Quaternary, there were considerable differences
from the modern geographical situation in the study area related to
glaciations. The most recent radiocarbon data suggest that during
the last 40,000 years the territory of the Ural-Siberian Arctic has not
been covered by ice-sheets or ice-dammed water (Astakhov, 2009).
According to the current knowledge of the Quaternary ice sheet
history (Svendsen et al., 2004), as many as 4 major glaciations have
been recorded in the Barents and Kara sea region during the last
150,000 years, but the glacier coverage was limited and did not
expand onto the mainland. Thus, during the last 150,000 years the
northern and central territories of the Western Siberia were not ice-
or water-covered as previously believed (Arkhipov, 1965, 1997;
Velichko, 1984).

During the Late Pleistocene, the territory experienced
pronounced continental climate that could be regarded as arid and
cool (Astakhov, 2009). Tundra-, tundra-steppe, and steppe-like

formations existed over the major part of the study area (Borodin,
1996; Smirnov, 2001). In the Holocene, the climate turned more
humid due to the Flandrian transgression that has led to decline of
the arid biomes, and formation of the taiga zone (Astakhov, 2009).

Zonal pattern of distribution of small mammal faunas was
present in Western Siberia at all stages of the Quaternary (Borodin,
1996). Based on data known for the Ural Mountains, a zonal pattern
in distribution of small mammal faunas is described by Smirnov
(2001). Zonal distribution of sub-fossil insect faunas of this area is
known for MIS 3 (Zinovyev, 2007, 2011).

The main source of materials for biostratigraphic and bio-
chronological purposes is represented by fluvial and lacustrine-
and-fluvial deposits in the West Siberian Plain and by karst cavi-
ties in the Ural Mountains. Moreover, there are some additional
sources of faunal materials such as peat bogs with sub-fossil insect
assemblages, and small mammal remains from the deposits of the
infillings of burrows (Borodin et al., 1997). Because of the differ-
ences in sedimentation processes, the Quaternary fossil records in
the two regions are not uniformly documented. In Western Siberia,
the best documented is the southern part of the plain where the
fossil record characterizes the entire time span from the Eopleis-
tocene to the end of the Late Pleistocene. In the northern part of
Western Siberia (Arctic zone), all the localities of micromammal
and insect faunas are not older than Late Pleistocene. In the Ural
Mountains, all the localities known up to the present are not older
than the beginning of the Late Pleistocene.

There are four regional stratigraphic schemes developed for
the region: the Urals and Trans-Urals (Stefanovsky, 1997); the
Western Siberia without Trans-Urals (Unificirovannaya..., 2000) the
Southern Pre-Urals and Southern Urals (Danukalova, 2010); and
the Northern Pre-Urals (Shik et al., 2004).

3. Materials and methods

Much paleontological deduction is based on the principle of
actualism, which implies using the present as the key to the past. At
the same time, the principle of historicism provides a basis for
understanding the processes in modern ecosystems. The two
principles are indissolubly conjoined when one needs to deal with
distribution patterns in recent animal species and in their direct
ancestors (Smirnov, 1988; Benton and Harper, 2009). This paper
uses both neontological and paleontological approaches in order to
outline directions and extent of transcontinental and regional
faunal interchange through the territory of the Urals and Western
Siberia (Fig. 1) during the Late Quaternary development of present-
day biomes of the regions. Distribution patterns of the key rodent
and insect taxa in the modern biomes are compared with those
inferred from the paleozoological analysis of the Late Pleistoce-
ne—Holocene sites known in the Urals and Western Siberia.

The analyzed material includes the authors’ collections and also
some published data (Fig. 2, Table 1). A total of 91 localities of small
mammals were analyzed. To analyze the sub-fossil insect assem-
blages, the key localities (20 of 111 known for the study area) with
the most representative insect faunas with radiocarbon dates were
chosen (Table 1). In the steppe zone in the study area there are no
localities of sub-fossil insects, in contrast to the steppes of lower
reaches of Volga and Ural Rivers, where numerous insect faunas are
described (Bidashko and Proskurin, 1987; Bidashko, 1994; Bidashko
et al.,, 2005).

The data on modern distribution of rodent and insect taxa is
taken from the literature (Medvedev, 1982; Andreeva and Eryomin,
1991; Kryzhanovskij et al., 1995; Borodin, 1997; Pavlinov et al.,
2002; Zinovyev and Olshwang, 2003; Shenbrot and Krasnov,
2005; Zinovyev, 2006, 2007; Berdyugin et al.,, 2007; Markova
et al., 2010). The chorological classification proposed by Chernov
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Fig. 1. Map showing general situation of the study area (indicated by a quadrangle frame) in the Northern Eurasia. Solid line — the border of the West Siberian Plain, dashed line —
the border of the Ural Mountains; figures indicate the areas of the Ural Mountains: 1 — Polar Urals, 2 — Northern Urals, 3 — Middle Urals, 4 — Southern Urals.
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Fig. 2. The Late Pleistocene and Holocene sites of small mammal and beetle faunas in the Ural Mountains and West Siberian Plain. Black signs indicate the sites of the Late

Pleistocene age, white signs indicate the Holocene sites; 1-104 — identification numbers of the sites in Table 1.
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The Late Pleistocene and Holocene sites of arvicoline rodents (a) and beetles (b) in the Ural Mountains and Western Siberia. Taphonomic types of the sites: f — fluvial and
lacustrine-and-fluvial type, k — karst cavities, nk — non-karst rocks, b — burrows of Alopex lagopus; p — peat bogs.

No  Arvicolines/ Locality Taphonomic Radiocarbon dates Citation
Beetles type (when available), years BP

1 a Mariinsk f - Zazhigin, 1980

2 a Shadrintsevo f — Zazhigin, 1980

3 a Tal’'menka f — Zazhigin, 1980

4 a Shumikha f — Zazhigin, 1980

5 a Shelabolikha f - Krukover, 2007

6 a Belovo f - Krukover, 2007

7 a Alexeevskiy f — Zazhigin, 1980

8 a V. Alabuga f - Stefanovsky et al., 2003

9 a Vvedenskoe f - Stefanovsky et al., 2003

10 a Vtoraya Pristan’ f — Zazhigin, 1980

11 a, b Mega f 26,285 + 590 (SOAN 982) Smirnov et al., 1986; Zinovyev, 2011
33,100 = 2300 (I0AN 132)

12 a Bobrovka II (Gornyi Denschik) f — Smirnov et al., 1986

13 a Dem’yanka-Ostrov f — Smirnov et al., 1986

14 a, b Nizhnyaya Tavda (N. Tavda) f 24,820 + 750 (SOAN 4535) Strukova, 2003; Zinovyev, 2006, 2011
27,400 + 335 (SOAN 4534)

15 a Ngoyun f Layer 8 — 14,208 + 192 (IPAE-177) Unpublished data

16 a Nyamuyu-Nado I f - Smirnov et al., 1986

17 a Zveroboy k Layer 4 — 4100 =+ 200 (GIN-9006) Smirnov et al., 1999

18 a Yangana-Pe 4 k Bottom — 1720 + 120 (GIN-10,157) Smirnov and Golovachov, 1999

19 a Yangana-Pe-3 k 23—103 cm — 2459 &+ 80 (GIN-10,214) Smirnov and Golovachov, 1999

20 a Lyabtose f >33,316 (IPAE-64) Unpublished data

21 a Burrows of Alopex lagopus b - Borodin et al.,, 1997

22 a Gornokazymsk f — Smirnov et al., 1986

23 a, b 430 km, 430 km “a” f 24,000 + 150 (IPAE-63) Smirnov et al., 1986; Zinovyev, 2011

24 a Pel’yakh-Yugan f - Smirnov et al., 1986

25 a, b Aganskiy Uval 1290/1 f 23,300 + 500 (IPAE-176) Borodin et al., 2001

26 a Pymva-Shor k Layer 3 — 8500 = 250 (GIN-9005), Smirnov et al., 1999
Layer 4 — 10,000 + 250
(GIN-9004), Layer 5 — 11,125 + 80 (TUa-1394)

27 a Shezhim k — Smirnov and Sadykova, 2003

28 a Pikhtovka k — Smirnov and Sadykova, 2003

29 a lordanskogo 1,2,3 k - Smirnov and Sadykova, 2003

30 a Ushma-1 k - Teterina and Ulitko, 2002

31 a Ushminskaya (Shaytan-Yama I) k — Smirnov, 1996

32 a Shaytanskaya (Ivdel river) k Layer 9 — 14,485 Smirnov, 1996

33 a Cheremukhovo-1 sections 1,2,4 k Section 1, 2: layer 5 — 4930 + 75 Strukova et al., 2005; Bachura
(SBRAS — 5137); layer 12, and Strukova, 2002
horizon 53 — 28,520 + 850 (AA-36,469), Section 4,
layer 2 — 18,784 + 379 (IEMEG-1259)

34 a Medvezhya Cave k Horizon A — 12,230 (LE-3059), Smirnov, 1996; Bachura and
horizon B — 16,130 (LE-3060), Kosintsev, 2007
17,980 + 200 (LE-3061)

35 a Studenaya Cave k Kochev, 1993

36 a Lisya Cave k 7213 + 86 (IEMEG — 1338) Bachura and Kosintsev, 2007

37 a Zhilishche Sokola k - Smirnov, 1996

38 a Kakva-4 k 12,800 =+ 300 (GIN-9444) Smirnov et al., 1999

39 a Lobvinskaya Cave k Smirnov, 1995

40 a Bolshaya Makhnevskaya Cave k 3628 + 86 (IEMEG -1385) Fadeeva and Smirnov, 2008

41 a Makhnevskaya Ledyanaya Cave k Arvicola terrestris — 36,480 (+350, —310) (GrA-35,460) Fadeeva and Smirnov, 2008

42 a Makhnevskaya — 2 k Horizon 6 — 11,146 + 282 (IEMEG -1377), Fadeeva and Smirnov, 2008
Horizon 9 — 24,811 =+ 426 (IEMEG -1376)

43 a Kamen’ Koziy k 9467 + 252 (IEMEG — 1332) Fadeeva and Smirnov, 2008

44 a Kamen’ Lazarevskiy k — Fadeeva and Smirnov, 2008

45 a Kamen’ Gorelyi k - Fadeeva and Smirnov, 2008

46 a Rasik k Horizon 21 — 12,680 + 180 (GIN-10,569) Fadeeva and Smirnov, 2008
Horizon 24 — 13,250 + 180 (GIN-10,568)
Horizon 27 — 13,330 + 120
(GIN-10,567) Horizon 30 — >38,400 (GIN-10,566)

47 a Bolshoy Glukhoy k Horizon 13 — 10,607 + 158 (IEMEG -1049), Smirnov, 1993; Fadeeva and
Horizon IX — 38,200 + 900 (GIN-8404) Smirnov, 2008

48 a Shaytanskiy (Chusovaya river) k Horizon 22 — Clethrionomys rufocanus Smirnov and Sadykova, 2003;
9970 + 50 (CAMS-35,891) Fadeeva and Smirnov, 2008
Dicrostonyx 12,530 4+ 60 (CAMS-35,890)

49 a Shaytanoozerskiy Kamennyi nk Layer 4—5 — 22,460 + 340 (SBRAS -3824), Borodin et al., 2000b

Ostrov | Layer 5 — 23,170 + 1420

(SBRAS-3825)

50 a Bosonogaya Cave k - Strukova, 2003

51 a Mironovskaya III Cave k Horizon 13 — 5340 + 80 (Ki-15,949) Rupysheva and Strukova, 2010

Horizon 25 — 9380 + 130
(Ki-15,942)

(continued on next page)
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No  Arvicolines/ Locality Taphonomic Radiocarbon dates Citation
Beetles type (when available), years BP
52 a Pershinskaya I Cave k Layer 3 — 7380 £ 150 (SOAN -3824), Strukova, 2000, 2003
Layer 6 — 15,580 + 130
(GIN-11,225)
53 a Lebedkino f - Strukova, 2000
54 a Rechkalovo f 25,500 =+ 400 (GIN-11,226) Borodin et al., 2003
55 a,b Nikitino f 24,480 + 550 (SOAN 4537) 28,460 + 800 Stefanovsky et al., 2002
(SOAN 4536)
56 a Dyrovatyi Kamen’ k — Fadeeva and Smirnov, 2008
(Vishera river)
57 a Verkhnegubakhinskaya Cave k - Fadeeva and Smirnov, 2008
58 a Peschera Tain k - Fadeeva and Smirnov, 2008
59 a Dolgogo Kamnya 1 Cave k - Fadeeva and Smirnov, 2008
60 a Dyrovatyi Kamen’ k — Smirnov, 1993
(Chusovaya river)
61 a Dyrovatyi Kamen’ k Horizon 11 — 9327 + 158 (IEMEG-1072) Smirnov, 1993
(Serga river)
62 a Bazhukovo III k - Smirnov, 1993
63 a Tavra Rock-shelter k - Smirnov, 1993
64 a Oleniy k Layer 2 — 4840 + 109 (IEMEG-180), Layer Smirnov, 1993
2a — 5440 + 117 (IEMEG-181),
Layer 4 — 5122 + 92 (IEMEG-182)
65 a Arakaevo VIII k Layer 12 — 15,739 + 590 (IEMEG-230) Smirnov, 1993
66 a Sukhorechensky k Horizon 1-2 — 248 + 158 (IPAE-107), Smirnov, 1993
Rock-shelter Horizon 3—5 — 921 + 204 (IPAE -110),
Horizon 7—8 — 2047 + 132 (IPAE-112),
Horizon 9—12 — 3210 + 121 (IPAE-114)
67 a Bagyshkovo k 3060 + 124 (IPAE -145) Smirnov, 1993
68 a Bobylek k Layer 2a — 14,200 + 400 (IPAE-164) Smirnov, 1993
69 a Idrisovskaya Cave k Horizon 8 — M. gregalis 21,970 + 80 (CAMS-35,883) Smirnov et al., 1990; Smirnov
Lagurus lagurus 35,820 + 390 (CAMS-35,881) and Sadykova, 2003
70 a Ignatievskaya Cave k Layer 2 — 14,038 + 490 (IEMEG -366), Smirnov et al., 1990
(sections 2, 5) Layer 3 — >27,500 (IEMEG-723)
71 a Prizhim II k 10—20 sm — 16,650 + 400 (IPAE-32), Smirnov et al., 1990
50—60 sm — 21,085 + 630 (IPAE-37)
72 a Serpievskaya I k 50—60 sm — 16,585 + 598 (IEMEG-722) Smirnov et al., 1990
73 a Serpievskaya II k 30—40 sm — 25,200 + 1800 (IPAE-46) Smirnov et al., 1990
74 a Sim I, I k - Smirnov et al., 1990
75 a Tyulenevo f — Zykov and Maksimova, 2004
76 a Ustinovo k Layer 1 — 4380 4 170 (IPAE-47), Smirnov et al., 1990
Layer 3 — 12,400 + 300 (IPAE-49)
77 a Sukharysh Cave k — Smirnov, 1992
78 a Yuzhnyi f - Stefanovsky et al., 2003
79 a Miasskoe f - Stefanovsky et al., 2003
80 a Kamenka k - Smirnov, 1992
81 a Streletskoe f — Stefanovsky et al., 2003
82 a Syrtinskaya Cave k Layer 1 — 4029 + 51 (IEMEG -1337), Kuzmina, 2006; 2009
Horizon 13 — 13,990 + 340 (SBRAS-5134),
Horizon 18 — 17,160 + 190 (SBRAS-5132),
Horizon 24 — 22,050 + 200 (SBRAS-5133)
83 a Verkhnyaya Gusikha k - Kuzmina, 2006
84 a Khudolaz k - Kuzmina, 2006
85 a Chernyshevskaya-III, V k — Kuzmina, 2006
86 a Alekseevskaya Cave k Horizon 1 — 1470 + 90 (GIN-11,330), Kuzmina, 2006, 2009
horizon 2 — 2550 + 100 (GIN-11,331),
horizon 3 — 4990 + 100 (GIN-11,332),
horizon 4 — 8100 =+ 240 (GIN-11,333),
horizon 5 — 8450 =+ 200 (GIN-11,334)
87 a Sobinskaya Cave k — Smirnov and Sadykova, 2003
88 a Verblyuzhka-1 k — Kuzmina, 2006
89 a Pizhma-1 k Layer 5 — 9940 + 150 (GIN-10,570) Ponomarev et al., 2005
90 a Sedyu-1 k Layer 1 — 10,560 + 280 (GIN-3224) Kryazheva and Ponomarev, 2008
91 a,b Mal’kovo f 31,800 + 350 (GIN-5338) Maleeva and Stefanovski, 1988
92 b Karymkary p 131,000 =+ 31,000 (TL date) Arkhipov and Volkova, 1994
93 b Syoyakha-Mutnaya f 30,700 + 1100 (UPI-716) Zinovyev, 2011
(Se-Yakha)
94 b Kul'egan-2247 f Point I — 21,815 + 225 (SOAN-6837), Zinovyev, 2006
Point II — 26,730 + 250 (LOIA-8663)
95 b Skorodum f 26,500 £ 550 (SOAN 4538) Zinovyev, 2003
96 b Andriyshino f 41,900 + 800 (GIN-5337) Stefanovsky et al., 2007
97 b Kul'egan-2241 f 10,700 + 325 (IPAE-94) Zinovyev, 2005
98 b Bol'shaya Gorka f 13,390 + 150 (SOAN 7309) Zinovyev, 2005
99 b Zelyonyi ostrov f 10,780 + 70 (Le-8972) Zinovyev and Nesterkov, 2003
100 b Yadayakhodykha-4 f 3533 YR BP (Dendrochronological data) Zinovyev et al., 2001
101 b Yadayakhodykha-8 f 3769 YR BP (Dendrochronological data) Zinovyev et al., 2001
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Table 1 (continued )

No  Arvicolines/ Locality Taphonomic Radiocarbon dates Citation
Beetles type (when available), years BP
102 b Agan-4068/2 f Layer 2 — 2200 + 150 (IPAE-96), layer 3 Zinovyev, 2005
(top), 9770 + 300 (IPAE-97), layer 3
(bottom) — 11,400 + 350 (IPAE-98)
103 b Loz'va-1 f 5770 + 60 (SOAN-4539) Zinovyev and Fadeyev, 2002
104 b Shurala f 27,600 + 150 (Ki 15,505) Zinovyev, 2011

(1975) for terrestrial animals was used. Following Chernov, species
distribution pattern is considered to be (a) zonal when a species is
confined to zonal habitats within a single zone, (b) polyzonal when
a species is distributed in zonal habitats of two or more zones, (c)
intrazonal when a species occurs in intrazonal habitats wihin
a single zone, and (d) intrapolyzonal when a species is confined to
intrazonal biotopes of two or more zones. Habitats are considered
to be ‘zonal’ when related to zonal vegetation types (in Russian,
plakor areas), ‘extrazonal’ when related to plakor vegetation of one
zone penetrating into another zone (such as forests penetrating
into tundra through the river valleys), ‘intrazonal’ when habitats
are included in zonal vegetation but do not form an independent
zone being more influenced by specific characteristics of local
environments than by regional macroclimate (such as bogs, flood-
plain vegetation, etc.), and ‘azonal’ when habitats are not strictly
confined to any particular zone and could be found in different
zones (for example, meadows, stony outcroppings, and other
biotopes widely distributed over many zones).

Characterization of the species ranges considered the
approaches of Smirnov (1988) and Brown et al. (1996). The major
emphasis was on geographic characteristics such as range limits,
longitudinal/latitudinal spread, and disjunct vs. continuous pattern
of distribution. Patterns of intraspecific genetic differentiation of
arvicoline rodents inferred from molecular and/or karyological data
(Fedorov et al. 1999, 2003, 2008; Brunhoff et al., 2003; Haynes et al.,
2003; Jaarola and Searle, 2004; Abramson, 2007) were also
considered.

4. Rodent faunas
4.1. Key taxa

Arvicolinae species are commonly used as biostratigraphical,
biochronological, and biozonational markers in interregional faunal
correlations within the Quaternary, and are widely employed for
paleoecological purposes (Smirnov et al., 1990; Maul and Markova,
2007). The present-day arvicoline fauna of the Urals and West
Siberian Plain includes 15 native species: (Ellobius (Ellobius) talpi-
nus Pallas, 1770, Clethrionomys (Craseomys) rufocanus Sundevall,
1846, Clethrionomys (Clethrionomys) glareolus Schreber, 1780,
Clethrionomys (Clethrionomys) rutilus Pallas, 1779, Lagurus lagurus
Pallas, 1773, Myopus schisticolor Lilljeborg, 1844, Lemmus sibiricus
Kerr, 1792, Dicrostonyx torquatus Pallas, 1778, Arvicola terrestris
Linnaeus, 1758, Microtus (Pallasiinus) oeconomus Pallas, 1776,
Microtus (Alexandromys) middendorffi Poljakov, 1881, Microtus
(Stenocranius) gregalis Pallas, 1779, Microtus (Microtus) agrestis
Linnaeus, 1761, Microtus (Microtus) arvalis Pallas, 1778 (obscurus
form), Microtus (Microtus) rossiaemeridionalis Ognev, 1924
(= Microtus levis Miller, 1908), and one introduced species —
Ondatra zibethica Linnaeus, 1766.

This paper follows the taxonomy and nomenclature proposed by
Pavlinov (2003) with some minor changes. In particular, Cleth-
rionomys Tilesius, 1850 is used as a valid name for red-backed voles
according to the latest taxonomic interpretation by Tesakov et al.
(2010).

Besides the species occurring in the present-day fauna of the
Urals and West Siberian Plain, there are several taxa that are known
for the Late Pleistocene and Pleistocene—Holocene transition
(Smirnov et al., 1986; Borodin, 1996, 2009). Among those, the genus
Eolagurus Argyropulo, 1946 has disappeared from the region due to
range contraction. There are several extinct taxa: jDicrostonyx
gulielmi Sanford 1870, f{Dicrostonyx henseli Hinton 1910, and
iMicrotus (Pallasiinus) ?malei Hinton 1907. Taxonomic status of the
extinct taxa is rather problematic (see Zazhigin, 2003; Borodin,
2009 for details).

This study primarily focuses on the native species. However, the
data on O. zibethica, acclimatized in the region in the 20th century,
can also be used for taphonomic inferences and dating of the bone-
bearing layers of Late Holocene age.

4.2. Present-day distribution patterns in arvicolines

4.2.1. Zonal patterns of species distribution

Zonal patterns of species distribution and zonal complexes of
small mammals in the study area are widely discussed from both
neontological (e.g., Shvarz and Pavlinin, 1960; Ravkin et al., 2009),
and paleontological viewpoints (e.g., Vangengeim, 1977; Borodin,
1996; Smirnov, 2001; Smirnov et al., 2007). In general, all the
arvicoline species known for the study area can be divided into the
three groups according to their distribution in modern landscape-
geographic zones: 1) species with zonal pattern of the present-
day distribution, 2) intrapolyzonal species, 3) polyzonal species.

4.2.1.1. Species with zonal pattern of distribution. This group
includes the species which are restricted to one of the modern
biomes in the study area. Among those, D. torquatus, L. sibiricus, M.
middendorffi are confined to tundra, M. schisticolor, C. rutilus, C.
rufocanus inhabit boreal forests (taiga zone). L. lagurus and E. tal-
pinus are restricted to the modern steppe zone. At present, those
species are clearly confined to zonal types of habitats (although
they could also be found in azonal and intrazonal biotopes within
the respective zone). Where available, they can use extrazonal
elements of landscape to expand their ranges to a neighboring
zone. This kind of dispersal is the most typical for C. rutilus which
occurs in water-flood forests of southern tundra (Borodin, 1997),
forest parks, and gardens, and for C. rufocanus, which is found in
urban lands (Chernousova, 2001).

4.2.1.2. Intrapolyzonal species. The group includes the species
related to intrazonal biotopes, and distributed in several zones (M.
oeconomus, A. terrestris). M. oeconomus primarily inhabits boreal
forest zone, and partially subarctic tundra, forest-steppe, and
steppe zones. A. terrestris inhabits intrazonal biotopes in all zones
from subarctic tundra to steppe. Both species do not avoid
anthropogenically transformed areas. O. zibethica, introduced in the
region in the 20th century, should also be included in the group of
intrapolyzonal species.

4.2.1.3. Polyzonal species. The group includes widespread species
whose modern ranges encompass more than one landscape-
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geographic zone where they are confined to zonal habitats, or
azonal landscapes within particular zones. Those are the species
related to nemoral and boreal forests (C. glareolus, M. agrestis),
steppe and tundra (M. gregalis), forest-steppe and azonal land-
scapes in steppes, nemoral and southern boreal forests (M. arvalis
obscurus and M. rossiaemeridionalis). C. glareolus is an inherent
species of nemoral forests that occurs in wide range of zonal
habitats; it is also present in boreal forests of the Urals and Western
Siberia. In the taiga zone, C. glareolus is considered to be more
common in grass forest habitats, being more abundant in
secondary forests than in native dark coniferous forests (Koneva,
1983). M. agrestis is often regarded as a species of the taiga
complex (Smirnov et al., 2007). However, the species occurs in
a wide range of habitats throughout Europe where it could be
regarded as polyzonal (van Kolfschoten, 1995), inhabiting woods,
grasslands, upland heaths, dunes, marshes, peat bogs and river-
banks, tending to prefer damp areas. Here, M. agrestis is consid-
ered as a species of azonal forest habitats with a polyzonal pattern
of distribution. In the study area, M. agrestis has expanded its
modern range through flood-plain forests into subarctic tundra,
and forest-steppe. Clethrionomys voles are related to zonal forest
habitats. C. glareolus expands its range using extrazonal elements of
landscape such as flood-plain forests in forest-steppe, and steppe.
Both C. glareolus and M. agrestis also occur in forest parks and
gardens (Chernousova, 2001). M. arvalis obscurus and M. rossiae-
meridionalis expand their ranges using azonal elements of land-
scape including those of natural (meadows), and anthropogenic
origin (agricultural lands, inhabited territories, deforested areas,
uncultivated grounds, etc.). M. gregalis inhabits river valleys in
subarctic tundra, steppe, forest-steppe (zonal and azonal habitats),
and alpine meadows (Gromov and Polyakov, 1977).

4.2.2. Present-day longitudinal patterns of arvicoline species
distribution

According to the modern distribution maps (Pavlinov et al.,
2002; Shenbrot and Krasnov, 2005), the longitudinal distribution
patterns of the arvicoline species known for the study area based
on the range limits are as follows:

I. Transcontinental pattern of distribution. The only species
of arvicolines inhabiting the Eurasian continent from the
Atlantic to the Pacific coast is the anthropogenically intro-
duced species O. zibethica, the modern range of which
encompasses the whole Holarctic.

II. West Palearctic (“European”) group. Modern ranges of the
species included in this group reach the Atlantic coast as
a western limit, eastward to Siberia to approximately 98°E (C.
glareolus), 105°E (M. arvalis obscurus), 133°E (M. agrestis), and
135°E (A. terrestris). The group includes the species with
polyzonal (C. glareolus, M. agrestis, M. arvalis obscurus), and
intrapolyzonal distribution (A. terrestris).

IIl. East-Palearctic group. Modern ranges of the species
included in this group reach the Pacific coast or Beringia as an
eastern limit and extend westward to the Northern Urals (M.
middendorffi), to northern European Russia (D. torquatus, L.
sibiricus, and M. gregalis), to Northern Europe (C. rutilus, C.
rufocanus, M. schisticolor), and to Northern and Central
Europe (M. oeconomus, isolated populations), but do not reach
Western Europe and the Atlantic coast. Some of the species
included in this group occur in the western parts of North
America (M. oeconomus, C. rutilus). The group includes
inhabitants of tundra (D. torquatus, L. sibiricus, M. mid-
dendorffi), boreal forests (C. rutilus, C. rufocanus, M. schisti-
color), steppe and tundra (M. gregalis), and also one
itrapolyzonal species (M. oeconomus).

IV. Central-Palearctic group. This includes the species distrib-
uted in the central (continental) part of Northern Eurasia.
These are the species with zonal steppe (E. talpinus, L. lagu-
rus), and polyzonal patterns of distribution (M.
rossiaemeridionalis).

The shape of the species’ ranges is considered according to
Brown et al. (1996). The species included in the groups II and III
have long ranges with east—west distances greater than north—
south distances. The north—south distance gradually changes with
longitude. Thus, the species included in group II (West Palearctic
group) have longer north—south distances in the the western parts
of their ranges whereas the eastern portions of the ranges are
rather attenuated. In M. arvalis and C. glareolus, the distribution
appears to be attenuated starting from Western Siberia, whereas in
M. agrestis and A. terrestris, the range narrowing occurs only in
Eastern Siberia.

The species of group III (Eastern Palearctic group) exhibit
a reverse pattern of range shape, having the attenuated portions in
the western parts of their ranges. It is especially pronounced in the
species related to the boreal forest zone (C. rutilus, C. rufocanus, M.
schisticolor), and in M. oeconomus.

Isolated populations outside the main range of the species
included in groups II and III are usually confined to the territories
where the range experiences attenuation (in the east for the
western group and in the west for the eastern group). This could be
regarded as indirect evidence of colonization—extinction dynamics,
ecological limiting factors, or a combination.

A disjunct (patchy) range is known for M. gregalis (included in
group III), usually regarded as a result of the decline of the species
in some parts of its ancient range.

In group IV (Central-Palearctic group), all the species have
ranges with almost equal north—south and east—west distances.
The steppe species (L. lagurus, E. talpinus) have relatively small
ranges confined to the center of Northern Eurasia, whereas M.
rossiaemeridionalis is more widely distributed. The latter is known
as a facultative synanthropic species (Tikhonova et al., 2009).
Occasional introduction of M. rossiaemeridionalis by human is
known for Svalbard, and hypothesized for the isolated populations
outside the modern continuous range (Sokolov and Bashenina,
1994).

4.2.3. Spatial vs. genetic patterns of intraspecies differentiation
Comparison of the patterns of species distribution with the

patterns of intraspecific genetic differentiation established three

patterns in the arvicolid species known for the study area.

1) The species which are represented in the Urals and Western
Siberia by the most eastern phylogeographic lineage (and/or
genetically distinct form) known for the species. These are the
species of West Palearctic group.

M. agrestis is represented in the study area by the eastern
mtDNA lineage (Jaarola and Searle, 2004). The highest genetic
diversity (based on molecular genetic markers) is found in the
European part of the species range.

M. arvalis in the study area is represented by the eastern
karyotypic form (obscurus). In general, the obscurus form is
considered to belong to the eastern mtDNA lineage (Haynes
et al., 2003; Heckel et al.,, 2005; Tougard et al., 2008). The
highest genetic diversity (based on molecular genetic markers)
is found in the European part of the species range (within
arvalis form).

C. glareolus in the study area is represented by the eastern
(Uralian) lineage that inhabits the territories from European
Russia to the eastern limit of the species range (Western Siberia
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and Altai) (Deffontaine et al., 2005). The highest genetic
diversity (based on molecular genetic markers) is found in the
European part of the species range.

2) In the Eastern Palearctic group, L. sibiricus and M. schisticolor
are represented in the study area by the most western mtDNA
phylogeographical groups known for the species. In L. sibiricus,
the western mtDNA phylogeographical group (Fedorov et al.,
2003) is distributed from the western limit of the species
range to the Lena River. In Myopus, the western clade (mtDNA)
is distributed from the western limit of the species range to the
Yenisey River (Fedorov et al., 2008).

Phylogeographic studies in M. gregalis have shown that
genetic distance between the narrow-skulled vole from the
northern (Yamal peninsula) and the southern (Omsk, Novosi-
birsk) parts of Western Siberia is less pronounced than the
distance between those and the more eastern populations of
the species (Mongolia, Buryat Republic, Chita region)
(Abramson, 2007).

For M. middendorffi, there are no phylogeographic data
available. There are subspecies — M. middendorffi ryphaeus
(Northern Urals and Yamal), M. middendor{fi middendorffi (from
the Taz River basin to the Kolyma River), and M. middendorffi
hyperboreus which is distributed from the Taymyr peninsula to
the Kolyma River and is sometimes regarded as a separate
species Microtus hyperboreus (Gromov and Polyakov, 1977).

3) Two species (M. oeconomus and D. torquatus) exhibit phyloge-
netic splits between the populations occurring in the regions
extending eastward and westward of the Ural Mountains. In D.
torquatus, there are two different phylogeographic groups
established based on mtDNA in the study area: the most
western group occurs in the north of European Russia, and
another one in the north of Western Siberia (Fedorov et al.,
1999). For M. oeconomus, the Urals is a border between the
North European and Central Asian mtDNA lineages (Brunhoff
et al., 2003).

4.3. Modern vs. paleontological patterns of arvicoline species
distribution

From the Late Pleistocene to Holocene and modern time, the
arvicoline species known for the study area experienced either
range contractions or expansions. The north—south changes in the
species ranges could be traced from their northernmost and
southernmost findings in the Late Pleistocene and Holocene sites.

The species of tundra habitats (D. torquatus, L. sibiricus, M.
middendorffi) have experienced significant northwards range
contraction since the Late Pleistocene to Holocene and the present.
The southern boundaries of the tundra species’ distributions based
on the southernmost findings in the fossil record (Maleeva and
Stefanovski, 1988; Smirnov et al., 1990, 1999; Smirnov, 1993;
Borodin et al., 2000a,b,c; Fadeeva and Smirnov, 2008), and based
on modern data (Shenbrot and Krasnov, 2005; Berdyugin et al.,
2007) are as follows (Late Pleistocene/Holocene/Modern): D. tor-
quatus — 52°55’ N/54°54’ N—56°33’ N/63° N; L. sibiricus — 54°50’ N/
56°33’' N/65° N, M. middendorffi — 57°08’ N/60°24’ N/62° N.

The steppe and semi-desert species (Eolagurus luteus, L. lagurus,
E. talpinus) have experienced southwards range contraction in the
study area. The northern boundaries of distribution based on the
fossil record (Smirnov, 1996; Strukova, 2000; Teterina and Ulitko,
2002) and modern data are as follows (Late Pleistocene/Holo-
cene/Modern): E. luteus — 57°41’ N/57°27'—60°42’ N/48°50' N; L.
lagurus — 60°42' N/59°36’—60°44’ N/about 55°50’ N; E. talpinus —
56°14' N/57°27" N—57°29' N/about 56° N. The most significant
southwards range contraction is found in E. luteus, which nowadays
occurs in semi-deserts of Eastern Kazakhstan, China, and Mongolia,

where the species is confined to the mosaic of intrazonal biotopes
with forbs avoiding extremely dry or wet habitats and gramineous
herb associations (Ismagilov and Bekenov, 1969). E. luteus became
extinct in the study area (between 60° N and 51° N) during the
Holocene. In the more southern areas (Northern Kazakhstan),
extinction of the yellow steppe lemming took place in the 19th
century (Kalabukhov, 1970).

The present-day distribution of arvicoline taxa nowadays
confined to tundra (Dicrostonyx, L. sibiricus, M. middendorf{fi), steppe
(L. lagurus), and semi-desert (E. luteus) and the most latitudinally
distant sites where those species are recorded in the Late Pleisto-
cene assemblages are shown in Fig. 3.

Another pattern of range contraction is known for M. gregalis
(Chaline, 1972; Smirnov et al, 1986; Rekovets, 1994;
Khenzykhenova, 1996; Maul and Markova, 2007; Markova et al.,
2010). Disjunction of the ancient continuous range of the species
has led to the present-day polyzonal pattern of its distribution, so
that the species is present in modern tundra and steppe zones in
the study area. The present-day distribution (dashed area) of M.
gregalis and the sites where this species is recorded in the Late
Pleistocene assemblages are shown in Fig. 4.

Intapolyzonal species in the study area appear to have widened
their range to the north from the Late Pleistocene to the Holocene
and present time. In the Late Pleistocene faunas, the most northern
findings of M. oeconomus and A. terrestris are known at about 60° N
(Borodin et al., 2000a,b,c). In the Holocene faunas (including those
of Early-, Mid-, and Late-Holocene time) they are known from
latitudes to 67° N in the Urals (Smirnov et al., 1999). A. terrestris is
also known from the Late Holocene bone-bearing layers of burrows
of Alopex lagopus at the same latitude (about 67° N) in the Yamal
Peninsula (Borodin et al.,, 1997). Nowadays, A. terrestris reaches
above 70° N using the big river valleys, and M. oeconomus is present
at least to 75° N (Shenbrot and Krasnov, 2005).

Clethrionomys species appear to have widened their range to the
north from the Late Pleistocene to Holocene. Based on the fossil
data (Smirnov, 1995, 1996; Smirnov et al., 1999; Borodin et al.,
2000a,b,c; Teterina and Ulitko, 2002; Fadeeva and Smirnov,
2008), and modern distribution of the species (Shenbrot and
Krasnov, 2005; Berdyugin et al., 2007), the most northern find-
ings are as follows (Late Pleistocene/Holocene/Modern): C. rufoca-
nus — 61°53’ N/67°08'—67°43’ N/above 68° N; C. rutilus — 60°24’ N/
59°38'—60°24' N/above 68° N; C. glareolus — 58°55’ N/59°28’ N/
about 65° N in the Urals and 55° N in the east of Western Siberia
(Berdyugin et al., 2007); Clethrionomys ex gr. rutilus-glareolus —
60°42’ N/67°43' N/65—68° N.

The fossil remains of M. schisticolor are known from
54°50'—60°42' N in the Late Pleistocene, and 56°45'—67°43' N
during the Holocene (Smirnov, 1993; Smirnov et al., 1999; Smirnov
and Sadykova, 2003; Fadeeva and Smirnov, 2008). Nowadays it
inhabits the altitudes from 54° to 62° in the Urals and reaches the
Arctic Ocean through the river valleys (Berdyugin et al., 2007).

The northernmost findings of M. agrestis in the Late Pleistocene,
Holocene and modern faunas — 60°42’ N/67°08'—67°43'/68° N
(Smirnov, 1993; Smirnov et al., 1999; Smirnov and Sadykova, 2003;
Berdyugin et al., 2007; Fadeeva and Smirnov, 2008). Thus, M.
agrestis is present in the northernmost localities known for the
study area from the Early Holocene. The faunas comprising M.
agrestis include also tundra and forest species (Smirnov et al., 1999).
Nowadays, M. agrestis is present in forest-tundra, and in flood-plain
biotopes in the southern tundras. The most southern findings of M.
agrestis in the study area (Late Pleistocene/Holocene/Modern) are:
54°5' N/51°23/—52°08’ N/52° N.

M. arvalis sensu lato is known in the sites between 51°23’ and
57°39' N during the Late Pleistocene and the entire Holocene. A
considerable increase in abundance of common voles described for
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Fig. 3. Map showing the present-day distribution (dashed areas) of arvicoline taxa nowadays confined to zonal tundra (Dicrostonyx, Lemmus sibiricus, Microtus middendorffi), steppe
(Lagurus lagurus), and semi-desert (Eolagurus luteus), and the most latitudinally distant sites where these species are recorded in the Late Pleistocene assemblages (dashed circles).

Identification numbers of the sites are given in Table 1.

the Late Holocene faunas of the Middle and Southern Ural Moun-
tains coincides with increased anthropogenic effect on natural
ecosystems (Smirnov et al., 1990; Smirnov, 1993). At present, the
northern limit of the common voles’ distribution occurs at least at
60° N in the Urals (based on the southernmost karyoloically dated
findings of M. arvalis obscurus (Markova et al., 2010)). In Western
Siberia, the northernmost findings of M. arvalis sensu lato are
known at 61° N (Starikov et al., 2009). Near the northern limit of
their distribution, the common voles are primarily confined to
anthropogenically transformed biotopes and human settlements.
Based on that, it is possible to suggest that expansion of the
common voles’ range to the north is relatively recent. However,
common voles might constitute a part of remains identified as

50°E

Microtus ex gr. arvalis-agrestis in the localities of the Late Pleisto-
cene and Holocene age at latitudes from 57°23" to 60°32’ N
(Fadeeva and Smirnov, 2008 and others).

To assess the longitudinal changes in distribution patterns of
the arvicoline species during the Late Pleistocene and Holocene,
the data on their occurrence in the localities of the Urals and
Western Siberia (Table 1) are compared with those known for
Europe and Eastern Siberia (Chaline, 1972; Sutcliffe and
Kowalski, 1976; Nadachowski, 1982; Sher, 1984; Rekovets, 1994;
Markova et al, 1995; Khenzykhenova, 1996; Maul and
Markova, 2007; Panasenko and Tiunov, 2010; Erbajeva et al,,
2011). Three patterns of longitudinal range dynamics could be
detected.
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Fig. 4. Map showing the present-day distribution (dashed area) of arvicoline species Microtus gregalis confined to modern tundra, forest-steppe, and steppe and the sites where this
species is recorded in the Late Pleistocene assemblages (dashed circles). Identification numbers of the sites are given in Table 1.
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First, there is a group of species that exhibited the longitudinal
range contractions from the Late Pleistocene to the Late Holocene
and modern time. These are all the species of tundra habitats (D.
torquatus, L. sibiricus, M. middendorffi) and steppe—semi-desert
landscapes (L. lagurus, E. luteus, E. talpinus). The changes in their
limits reflect the changes in zonality patterns from the Late Pleis-
tocene to the present time, namely the decline of the specific
Pleistocene biome called Mammoth Steppe (Guthrie, 2001), or
tundra-steppe inhabited by the hyperboreal mammal complex in
the study area (Smirnov, 2001). Another species whose range
dynamics from the Late Pleistocene to Holocene and present day
are strongly related to the tundra-steppe biome is M. gregalis. The
major westward expansion is dated to the Late Glacial when the
species was present in the fauna of the British Isles (Sutcliffe and
Kowalski, 1976), southern France (Chaline, 1972; Villa et al., 2010)
and Spain (Cuenca-Bescés et al., 2010). The easternmost findings of
M. gregalis in the Late Pleistocene are known from the Aldan River
valley (Simonov and Tesakov, 2007). Range contraction is also
detected in the intrapolyzonal species M. oeconomus, the west-
ernmost findings of which are known in the Late Pleistocene of
Spain (Cuenca-Bescos et al., 2010).

Second, there are several species that do not show considerable
longitudinal changes in their distribution during the studied time
span (Late Pleistocene and Holocene). These are the species of
boreal forests (M. schisticolor, C. rutilus, C. rufocanus), M. agrestis,
and intrapolyzonal species (A. terrestris). Although no substantial
longitudinal changes could be detected in the distribution patterns,
the abundance and occurrence vary significantly within the ranges
of those species during the Late Pleistocene and Holocene.

A third group of species has exhibited range expansion from the
Late Pleistocene to the Late Holocene and modern time. Those are C.
glareolus and M. arvalis sensu lato, natural expansion of which in
the Urals and Western Siberia has proceeded during historical time.
Thus, C. glareolus widens its range using deforested areas in the
boreal forests, and the common voles widely use different kinds of
anthropogenically transformed areas to expand their range. Both C.
glareolus and M. arvalis represent the West Palearctic elements in
the fauna of the study area.

The species of West Palearctic group increased their occurrence
from the Late Pleistocene to Holocene, as revealed in northern,
middle and southern parts of the study area (Fig. 5). Here, occur-
rence rate is calculated as the total number of records of a particular
species in fossil assemblages of a given time span on a given
territory. The species of the East-Palearctic group slightly decreased
their occurrence from the Late Pleistocene to the Late Holocene.
However, the species composition in the western and eastern
groups of arvicolines has not changed from the Late Pleistocene to
modern time.

The Central-Palearctic group is represented in the fauna of the
central and southern parts of the region during the Late Pleistocene
and Holocene as could be traced from the overall occurrence of the
species (Fig. 5). However, one of the central palearctic species (E.
luteus) has disappeared from the study area in the Holocene. O.
zibethica has been successfully introduced and underwent trans-
continental dispersal in the Eurasia during less than 100 years.

5. Insect faunas
5.1. Key taxa

The focus is on beetles, the most readily discovered insects in
the fossil record. The present-day fauna of beetles of the investi-
gated area is not perfectly studied. Approximately 1500 beetle
species are described in the Urals and Western Siberia: it is possible
that the real number of species amounts to about 10,000. The most
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Fig. 5. Percentage occurrence of West (European), East, and Central-Palearctic groups
of arvicoline species in the sities of the Urals and West Siberia in the Late Pleistocene
(P) and Holocene (H), and proportion of species of those groups in the modern fauna of
the region. The species that are problematic to assign to one of the groups due to the
lack of criteria for diagnostics of their fossil remains are given separately.

numerous groups are ground beetles (Carabidae), which include
about 300 described species (real number may be estimated as
400-500), and rove beetles (Staphylinidae), which include about
100 described species (real taxonomic diversity may be estimated
as 600—800 species). Species diversity and their zonal distribution
were described (Chernov, 1975, 1978; Korobeinikov, 1987;
Volkovich and Alekseev, 1988; Andreeva and Eryomin, 1991;
Kryzhanovskij et al., 1995; Mordkovitch and Lujbetchanskij, 1999;
Kozyrev et al., 2000; Mikhailov, 2000; Zinovyev and Olshwang,
2003; Zinovyev, 2007).

5.2. Present-day distribution patterns in beetles

5.2.1. Zonal patterns of species distribution

Despite the lack of information on the modern beetle faunas, it
is possible to determine some key species typical to zonal, poly-
zonal, inrazonal, and intrapolyzonal habitats (Medvedev, 1982;
Kryzhanovskij et al, 1995; Mikhailov, 2000; Nikolaev and
Kozminykh, 2002).
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5.2.1.1. Species with zonal pattern of distribution. Distributed
within one zone and include the species of zonal and intrazonal
habitats.

a) Zonal habitats within one zone

The group includes the species with zonal pattern of distri-
bution; these insects are subdivided into several sub-groups:
arctic (ground beetles Pterostichus vermiculosus, Amara alpina,
rove beetles Micralymma discksoni, Tachinus arcticus, leaf
beetles Chrysolina subsulcata, Chrysolina tolli); boreal (ground
beetles Notiophilus reitteri, Pterostichus dilutipes, Pterostichus
adstrictus, Carabus aeruginosus, weevils Rhyncholus ater, Callirus
albosparsus, Callirus abietis, bark beetle Phoelotribus spinulosus),
nemoral (carrion beetle Dendroxena quadrmaculata, longhorn
beetle Rosalia alpina) , and steppe group (ground beetles Car-
abus bessarabicus, Poecilus advena, Poecilus crenuliger, Poecilus
ravus, Poecilus hanhaicus, Cymindis lateralis, Amara fodinae,
Harpalus steveni, Harpalus circumpunctatus, dark beetles Ten-
tyria nomas, Belopus spp., leaf beetle Pallasiola absinthii, etc.).
These species are clearly confined to zonal types of habitats and
restricted to particular zones; in some cases these insects may
inhabit extrazonal elements of landscape in a neighboring
zone.

b) Intrazonal habitats

These insects inhabit intrazonal biotopes (according to the
classification of Chernov (1975)) within one landscape-
geographic zone — mainly flood-plains and bogs. It includes
inhabitants of arctic (Pterostichus costatus, Amara glacialis),
boreal (Trechus rivularis) and steppe (Agonum lugens, Agonum
viridicupreum) zones.

5.2.1.2. Species with polyzonal pattern of distribution. The group
includes insects whose modern ranges encompass more than
one landscape-geographic zone. These species may be related to
two or more natural zones. Some of them inhabit mainly zonal
habitats within these zones. These insects inhabit tundras and
boreal forests (ground beetles Pterostichus (Cryobius) pinguedi-
neus, Stereocerus haematopus, Stereocerus rubripes, Amara torrida,
Amara hyperborea, Dicheirotrichus mannerheimi, weevils Sitona
borealis, Hemitrichapion tschernovi), nemoral and boreal forests
(ground beetles Pterostichus oblongopunctatus, Calathus micro-
pterus, Tachyta nana, Trachypachus zetterstedti, Harpalus latus,
dark beetles Scaphidema metallicum, Diaperis boleti), forest and
steppe (ground beetles Carabus aurolimbatus, Carabus stsche-
glowi, Carabus estreicheri, Harpalus anxius, Harpalus froielichi,
Amara convexiuscula, dark beetle Opatrum sabulosum, leaf beetle
Entomoscelis adonidis), steppe and tundra (ground beetles Car-
abus sibiricus, Polystichus connexus, leaf beetle Chrysolina exa-
thematica gemmifera). Other species have wide ecological
requirements and widespread distribution. Their modern ranges
encompass more than two zones and they may live both in
zonal and azonal habitats (ground beetles Carabus arvensis,
Notiophilus aquaticus, Agonum sexpunctatum, ladybird Cocinella
septempunctata, etc.).

5.2.1.3. Intrapolyzonal species. This group includes the species
related to intrapolyzonal biotopes not restricted by single natural
zones — willow thickets, sedge and equisetum plant associations in
flood-plains (leaf beetles Plagiodera versicolora, Hippuriphila mod-
eeri, weevils Notaris aethiops, Tournotaris bimaculatus, Grypus
equiseti), clay and sand beaches of rivers (ground beetles Bembidion
obliquum, Bembidion striatum, Bembidion velox, Bembidion argen-
tiolum, click beetle Hypnoidus rivularis), meadows (leaf beetle
Chrysolina graminis), and bogs (Agonum ericeti).

5.2.2. Present-day longitudinal patterns of beetle species
distribution

Based on the data of modern distribution of beetles (Korotyaev,
1980; Medvedev, 1982; Kryzhanovskij, 1983, 2002; Gorodkov, 1984;
Kryzhanovskij et al.,, 1995; Anderson et al.,, 2000; Nikolaev and
Kozminykh, 2002; The Genus Carabus in Europe, 2003; Catalogue
of Palaearctic Coleoptera, 2006; Checklist of Beetles of the British
Isles, 2008), several longitudinal patterns can be established:

I. Transpalearctic group. These species distributed from the
Atlantic coast of Europe (namely, Ireland, France) to the
Pacific coast; some species have Holarctic distribution. The
group includes inhabitants of the forest (ground beetles P.
oblongopunctatus, C. micropterus), itrapolyzonal (ground
beetles Pelophila borealis, Nebria rufescens, Patrobus septen-
trionis), polyzonal (C. arvensis) and tundra habitats (Holarctic
ground beetle A. alpina).

II. Western (“European and Euro-Ob”) group. Modern ranges
of the species included in this group reach the Atlantic coast
as a western limit and reach the Urals and Western Siberia as
their eastern limit (ground beetles Carabus nitens, Carabus
glabratus, Cychrus caraboides, Platynus livens, A. ericeti, leaf
beetle Chrysolina varians). The group includes the species of
zonal (nemoral and boreal zones) and intrazonal habitats.

Ill. Eastern (“East-Palearctic”) group. Modern ranges of the
species included in this group reach the Pacific coast or
Beringia as an eastern limit and extend westward to Eastern
and Northern Europe, but do not reach Western Europe and
the Atlantic coast. The group includes inhabitants of the
boreal forests (ground beetles Carabus maeander, Carabus
tuberculosus, Carabus canaliculatus), intrazonal (ground
beetle Nebria subdilatata), and tundra habitats (ground
beetles Pterostichus sublaevis, Pterostichus agonus, P. costatus,
leaf beetles C. tolli, C. subsulcata). Some species of this group
inhabit mainly steppe zone, but have isolated localities in
plain and mountainous tundras of the Polar Urals and Yamal
(weevil Coniocleonus ferrugineus, leaf beetles Cryptocephalus
orochona, C. exathematica gemmifera).

IV. Central (“Central-Palearctic”). These species distributed in
the central part of the Northern Eurasia from Transbaikalia,
Altai and Sayan Mountains to the Urals and European part of
Russia (ground beetles Carabus schoenherri, C. sibiricus, C.
aurolimbatus, Carabus loschnikovi, P. dilutipes). The group
includes the species of mesic and arid habitats. C. sibiricus
inhabit steppes, dry biotopes in forest-steppe (slopes of hills,
relict steppe plots), open habitats in tundras and sandy
ravines in taiga.

The present-day beetle fauna of this region clearly corresponds
to latitudinal zonality, taking into account the widest distribution of
intrazonal and intrapolyzonal landscapes, such as bogs and flood-
plains. In general, the fauna has a transitional character between
European and East Siberian faunas, although the transpalearctic
species predominate (Volkovich and Alekseev, 1988; Kryzhanovskij,
2002).

There are numerous examples of west boundaries of the East-
Palearctic beetle species’ distribution and east borders for West
Palearctic species in the study area. These borders are the Ural
Mountains (East-Palearctic and Beringian beetles — C. canaliculatus,
Bradycellus glabratus, Carabus vietinghoffi, Bembidion infuscatum;
West Palearctic beetles — Pterostichus quadrifoveolatus, Licinus
cassideus, Bembidion humerale, etc.) and West Siberian Plain (East-
Palearctic — C. tuberculosus, C. maeander, Pterostichus laticollis, N.
subdilatata; West Palearctic — C. glabratus, C. caraboides, Patrobus
atrorufus, C. varians). The Urals is considered as a boundary for the
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distribution of some morphologically similar species (sibling
species), in particular carabids Pterostichus aethiops (European
beetle) and Pterostichus maurusiacus (Central-Palearctic beetle)
(Kryzhanovskij, 2002).

Some species exhibit disjunctive distribution, such as C. sibiricus.
Not long ago it was considered as a steppe species (Kryzhanovskij,
1983). Nowadays this species was found in South Yamal
(Korobeinikov, 1987; Andreeva and Eryomin, 1991; Kozyrev et al.,
2000; Zinovyev and Olshwang, 2003) and in the Vakh River
valley (A.G. Men’shikov, personal communication). A similar type of
distribution is known for P. connexus, C. exathematica gemmifera,
that indicates their larger areas in the past (Samko, 1932; Mikhailov,
2000; Zinovyev and Olshwang, 2003; Zinovyev, 2006).

There are also nemoral species with disjunctive ranges, such as
carrion beetle Dendroxena quadripunctata (distributed in central
and South Europe, South Urals and has isolated population in Altai
mountains and south of Central Siberia); rhysodid beetle Rhysodes
sulcatus (nemoral forests of South Europe, found in South Urals and
Altai mountains); longhorn beetle R. alpina (nemoral forests of
South Europe, found in South Urals) (Kryzhanovskij, 1983, 2002;
Nikolaev and Kozminykh, 2002).

5.3. Modern vs. paleontological patterns of beetle species
distribution

From the Late Pleistocene to Holocene and modern time, the
processes of range dynamics can be observed not only in the single
species (Fig. 6) but also in the entire insect complexes. Sub-fossil
insect faunas from the Late Pleistocene are represented mainly by
cryophilous (zonal and intrazonal arctic and polyzonal arcto-
boreal) species (Zinovyev, 2007). Their amount declines south-
wards, whereas zonal (boreal, steppe) and polyzonal (including
intrapolyzonal) insects increase their abundance.

In the Eemian Interglacial (MIS 5e) locality Karymkary, the
thermophilous insect faunas of boreal intrazonal type are deter-
mined with the presence of ground beetle Trechus secalis, and some
species which are not found in the study area during other periods
of the Pleistocene. Neither arctic nor arcto-boreal carabids
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(Pterostichus (Cryobius) spp.) were recovered from these sites
(Zinovyev, 2007).

Entomological data on the Early Valdai Glaciation (MIS 5a and 4,
105,000—50,000 BP) are rather incomplete. The insect faunas from
the sites of this age (e.g., Andryushino) belong to arctic and non-
analogue types (Zinovyev et al., 2007).

The most complete information was obtained for the period of
the end of MIS 3 in the study area between 67° N and 57° N
Previous results (Zinovyev, 2007) allow the outlining of some
elements of natural zonality.

At the sites lying north of 61° N, cryophilous arctic and arcto-
boreal species (including P. costatus, P. sublaevis, the subgenus
Cryobius of the genus Pterostichus) dominated during this interval,
whereas sub-boreal steppe species (P. ravus, Chrysolina perforata
and Chrysolina aeruginosa) were either absent or rare. Between 61°
N and 59° N, the sub-fossil beetle faunas of this age are of subarctic
type with the presence of a single sub-boreal steppe species (P.
ravus).

The MIS 3 interstadial faunas from sites situated south of 59° N
contain sub-fossil beetle assemblages of a non-analogue type
characterized by combinations of species which are not found
together in present-day faunas. The main feature of this faunal type
is a combination of arctic, arcto-boreal and sub-boreal steppe
insects. These faunal assemblages contain arctic and arcto-boreal
ground beetles of the Pterostichus (Cryobius) group, A. alpina, and
the steppe species Poecilus major, P. ravus, P. hanhaicus, Blitophaga
sericea, Aclypaea bicarinata, C. perforata, Colaphellus sophiae, and
Porcynolus murinus. These faunas could be classified as non-
analogue and are indicative of tundra-steppe. However, their
species composition differs from that in the relict tundra-steppe
communities existing today in the Eastern Siberia. In particular,
the Western Siberian sub-fossil insect assemblages of that age
contain the weevil Otiorhynchus politus, and some halophilous
species of the genus Pogonus (Zinovyev, 2007) which are not known
for the East Siberian faunas.

Analysis of longitudinal characteristics suggests that during MIS
3 many East Siberian species occurred in the study area. Present-
day ranges of these species do not reach Western Siberia and
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Fig. 6. Map showing the present-day distribution (dashed areas) of beetle taxa nowadays confined to East-Palearctic tundra (Pterostichus costatus), Central-Palearctic steppe
(Blitophaga sericea), and East-Palearctic steppe (Poecilus ravus) and the Late Pleistocene sites where these species are recorded in the deposits dated back to the end of MIS 3 (dashed

circles). Identification numbers of the sites are given in Table 1.
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Urals (Korotyaev, 1980; Kryzhanovskij et al., 1995). In particular, the
pill beetle Morychus viridis has been found in most of the Western
Siberian sites of MIS3. However, the modern range of this beetle
covers territories of East Siberia from Chukotka to Yana River
(Kuzmina and Korotyaev, 1987). Sher and Kuzmina (2007) have
claimed M. viridis as “...a real symbol of the Pleistocene biota in
North-Eastern Siberia”. The East Siberian species found in Pleisto-
cene sites of the Urals and Western Siberia and absent in the
modern fauna are ground beetles P. ravus, P. hanhaicus, Pseudota-
phoxenus dauricus, Amara minuta, weevils Sterhanocleonus eruditus,
Tournotaris ochoticus.

After the Late Pleistocene—Holocene transition (MIS2—MIS 1),
the processes of afforestation and water logging caused reductions
in the ranges of arctic and arcto-boreal species and the disappear-
ance of some sub-boreal steppe species. During the same time, the
expansion of polyzonal and boreal species occurred over the
territories of the Urals and Western Siberia (ground beetles C.
micropterus, P. oblongopunctatus, etc.); the majority of these insects
have transpalearctic types of longitudinal distribution. Moreover,
several European beetles (e.g., C. nitens, C. glabratus, C. caraboides, P,
livens) have appeared here during the Holocene because they have
never been found in the Late Pleistocene beetle assemblages in the
study area. However, some species of the European group were
already present in the study area in the Late Pleistocene (e.g.,

Table 2

a ground beetle A. ericeti, which was found in MIS 3 sites of the
northern part of the Western Siberia (Zinovyev, 1988)). Most of the
East-Palearctic species left this territory (M. viridis, P. ravus, P.
hanhaicus, A. minuta) or could survive this time in the northern
edge of this region, in the Polar Urals, Yamal, Gydan, lower Ob’ River
(e.g., C. sibiricus, C. exathematica gemmifera).

6. Comparison between arvicoline and beetle data

The biogeographic groups of arvicolines and selected insect
species in the modern fauna of the Urals and Western Siberia based
on the longitudinal patterns of their present-day distribution are
shown in Table 2.

The Transcontinental (Transpalearctic) group is well repre-
sented among native beetles in the study area and includes zonal
tundra, forest, and intrapolyzonal species (Table 2). Among arvi-
colines, no native species with transcontinental pattern of distri-
bution are found in the modern fauna of the region. This could be
explained by faster evolution rates in rodents (namely, in Arvico-
linae) as compared to all the members of the order Coleoptera.

The West Palearctic (“European”) group of beetles includes
intrapolyzonal, azonal, forest, and steppe species (Table 2). The
same biotopic groups are found in the European arvicolids, but
without steppe species. Modern distribution of the West Palearctic

Biogeographic groups (I-1V) of arvicoline species and selected beetle species in the modern fauna of the Ural Mountains and Western Siberia based on the longitudinal patterns

of their present-day distribution.

Pattern of distribution (habitat affinity) Arvicoline species

Beetle species

I. Transpalearctic (Transcontinental) group
Intrapolyzonal (intrazonal)
(introduced) species

Polyzonal (azonal) —

Zonal (zonal tundra): —

Polyzonal within tundra and boreal -
forests (intrazonal)

Polyzonal (nemoral and boreal forest habitats) —

II. West Palearctic (European) group
Intrapolyzonal (intrazonal) Arvicola terrestris
Intrpolyazonal within nemoral and boreal -

forests (intrazonal)

Ondatra zibethica — non-native

Nebria rufescens, Patrobus septentrionis, Lebia cruxminor,
Hydrothassa hannoverana, Plagiodera versicolora,
Tournotaris bimaculatus, Grypus equiseti

Carabus arvensis, Notiophilus aquaticus,

Poecilus versicolor, Chrysolina graminis,

Coccinella septempunctata

Amara alpina

Pelophila borealis, Diacheila polita

Pterostichus oblongopunctatus, Calathus micropterus,
Tachyta nana, Trachypachus zetterstedti

Platynus longiventris, Platynus krynickii,

Chrysolina varians, Agonum ericeti

Carabus menetriesi, Leistus ferrugineus,

Platynus livens, Agonum duftschmidi,

Bembidion mannerheimi, Bembidion humerale, Patrobus atrorufus

Polyzonal within nemoral and boreal forest
(zonal forest and azonal habitats)

Polyzonal (azonal)

Zonal (steppe)

III. East-Palearctic group

Intrapolyzonal (intrazonal)

Intrazonal within boreal forests (intrazonal)

Zonal within boreal forests (zonal and azonal
forest habitats)

Zonal (steppe)

Polyzonal (tundra and steppe zonal habitats)

Polyzonal (tundra and boreal forests)

Intrazonal within tundra zone (intrazonal)

Zonal (zonal tundra)

V. Central-Palearctic group
Zonal (steppe):
Zonal (boreal forests)

Polyzonal (azonal)
Polyzonal (tundra and steppe zonal habitats):

Clethrionomys glareolus
Microtus agrestis

Microtus arvalis sensu stricto

Microtus oeconomus

Myopus schisticolor, Clethrionomys
rutilus, Clethrionomys rufocanus

Microtus gregalis

Dicrostonyx torquatus, Lemmus
sibiricus, Microtus middendorffi

Ellobius talpinus, Lagurus lagurus

Microtus rossiaemeridionalis

Carabus nitens, Carabus glabratus,

Cychrus caraboides, Paradromius longiceps,
Pterostichus quadrifoveolatus

Poecilus lepidus, Poecilus cupreus, Polystichus connexus
Licinus cassideus, Pterostichus macer

Amara aurichalcea

Nebria subdilatata, Bembidion infuscatum, Oodes prolixus
Carabus maeander, Carabus tuberculosus,

Carabus canaliculatus, Pterostichus laticollis

Poecilus ravus

Chrysolina exathematica gemmifera

Morychus viridis, Stereocerus haematopus, Stereocerus rubripes
Pterostichus costatus, Chrysolina tolli, Chrysolina subsulcata
Pterostichus sublaevis, Pterostichus agonus, Carabus truncaticollis

Poecilus advena, Poecilus crenuliger, Poecilus aralensis, Poecilus nitens

Carabus schoenherri, Carabus aurolimbatus,
Pterostichus dilutipes, Pterostichus
drescheri, Pterostichus uralensis, P. magus

Carabus sibiricus
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Fig. 7. Proportion of different habitat groups among beetle (a) and arvicoline (b) species in the key sities in the Western Siberia (between 57° and 73° N) dated back to the end of
MIS3 — beginning of MIS2. Sites are ordered from the north to the south according to the latitude; names of the sites are given in Table 1.

beetles is not limited by the Ural Mountains. Their ranges reach the
Middle Ob’, Siberian Uval Hills, and Novosibirsk region in the
Western Siberia (Carabus menetriesi, P. livens, C. varians, Dlochrysa
fastuosa, Byctiscus betulae, Bagous lutosus, Lagria hirta, Agathidium
varians), where some European beetles could be regarded as
common species. Distribution of the West Palearctic arvicolines
exhibits the same tendency so that their ranges stretch over the
Ural Mountains and reach Western Siberia and Altai (C. glareolus, M.
arvalis), and North-Eastern Siberia (A. terrestris, M. agrestis).

The Central-Palearctic group of beetles represents a variety of
biotopic groups including the steppe, boreal, and tundra-steppe
species. The arvicolines of the Central group are represented by
the steppe, and azonal species only (Table 2).

The Eastern (“East-Palearctic”) group is represented by intra-
zonal, boreal, and tundra species of arvicolids and beetles, and also
by the steppe beetles. At present, the Ural Mountains represent
a western range limit for the East-Palearctic carabids. Only the
arctic and arcto-boreal species cross the Urals in its polar part (e.g.,
Carabus ermaki, Pterostichus parens, P. vermiculosus, P. dilutipes,
et al.), whereas the western limit of the boreal beetles do not cross
the eastern slope of the Ural Mountains (e.g., C. canaliculatus, B.
glabratus, Synuchus congruus, B. infuscatum). The Urals represents
a western border for the two East-Palearctic species of voles — M.
middendorffi, and M. gregalis. The species of the Eastern group
which do not cross the Ural Mountains at present could be spread
much further west in the Late Pleistocene. In particular, M. gregalis
and C. maeander are known from the Late Pleistocene localities of
the British Isles (Morgan, 1973; Sutcliffe and Kowalski, 1976).

Along with similarities in the beetle and arvicoline data, there
are certain distinctivenesses related to the differences in the
species reachness and diversity that are much higher in beetles
than in arvicolines. This is especially pronounced in the species
related to the steppe biotopes. The modern steppe beetles from the
Western, Eastern, and Central-Palearctic groups are related to
Mediterranean, Transbaikalian/Mongolian, and Kazakhstan sources
respectively. In arvicolines, the steppe forms are represented by the
species of the Central-Palearctic group only.

The classification given in Table 2 includes all the arvicoline
species known for the modern fauna of the Urals and Western

Siberia: however, it is far from being exhaustive with respect to
beetle taxa. In particular, there are beetle species distributed in the
subalpine belt of the Central-Palearctic. For example, Carabus kar-
pinskii and Chrysolina lagunovi in the modern fauna are recorded
exclusively in the Southern (C. karpinskii) and Southern/Northern
(C. lagunovi) Ural Mountains (Kryzhanovskij and Matveev, 1993;
Gorbunov and Olshwang, 2008). The ground beetle Cymindis
mannerheimi is nowadays distributed in the subalpine belt of the
Pamir, Northern Tien-Shan, and Western Altai (Kryzhanovskij et al.,
1995). In the Late Pleistocene, C. mannerheimi had a much wider
range that was established based on the findings in the localities of
the Trans-Urals, Western Siberia and in the lower Yana River
(unpublished data).

Comparisons of fossil data on beetles and arvicolines are
possible for the territories between 57° N and 72° N (in contrast to
arvicoline data, the fossil beetle assemblages are not known from
south of 57° N in the study area). Fig. 7 shows the proportions of
different biotopic groups among beetles and arvicolids in the key
localities in the Western Siberia dated back to the end of MIS3 —
beginning of MIS2. Here, proportions are calculated based on the
percentage of different biotopic groups of species found in a given
locality. The comparison shows that both beetles and arvicolids
reveal similar geographic trends from the most northern localities
to the southern ones.

6.1. Paleoecological and biostratigraphical implications of the data
on modern distribution of the key taxa

The data on modern distribution of the key species provide
information to fill the gaps in the fossil record. For example, the
disjunctive modern ranges of the nemoral beetle species (Xylodrepa
quadripunctata, Rhyzodes sulcatus, etc.) allow reconstruction of the
continuous areas of their distribution in the past. Knowledge of the
environmental preferences of those species with disjunctive
modern ranges may provide some ideas about the past environ-
ments which have not been yet revealed by the fossil vertebrate
and beetle record, but are important for understanding the faunal
connections between the west and east sectors of Palearctic. Pollen
data suggest the existence of a continuous forest zone with broad-
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leaved trees stretching through Western Siberia and Europe during
MIS 5e (Arkhipov and Volkova, 1994). However, there is practically
no evidence to confirm the existence of the nemoral forest zone
based on the vertebrate or beetle fossil data. In the beetle fossil
record, the only exception is a single finding of the Far-East species
Phymatopoderus latipennis in the deposits of Mikulino age in
Belarus (Nazarov, 1984). Probably, this could be related to the
taphonomic background in the nemoral forest zone as compared to
tundra and steppe.

Another example of using the present-day patterns of species
distribution to complement the species record in fossil assemblages
of a particular region could be seen in the arvicoline species M.
oeconomus. Nowadays, isolated populations outside the continuous
range of M. oeconomus are confined to the westernmost part of the
present-day distribution area of the species in Northern and
Eastern Europe. That pattern of distribution could be regarded as
indirect evidence of colonization—extinction dynamics of the
species in Europe supported by direct evidence from the Late
Pleistocene sites in Southwestern Europe (Cuenca-Bescés et al.,
2010) and British Isles (Sutcliffe and Kowalski, 1976).

On the other hand, the data on the species’ expansions caused
by human provides some clues to the dispersal potential of
a particular species. One of the examples of eastward expansion of
beetles caused by human influence is the modern dynamics of the
ground beetle Carabus nemoralis. This species was described in
Sweden in the end of the 18th century. At present, this beetle
reaches the Urals, southern Western Siberia, Kazakhstan, and North
America (Lindroth, 1972; Kabak and Kolov, 2010).

The data on human-caused dispersal of O. zibethica in Northern
Eurasia suggest the high potential rates of a rodent invader to
become successfully incorporated into the natural communities
throughout the continent. However, no native arvicoline species
with transcontinental patterns of distribution are found in modern
fauna of Northern Eurasia. This could be explained by the fast
evolution rates in Arvicolinae, resulting in numerous speciation
events during the Pleistocene.

The importance of the study area for faunal correlations
throughout the continent is determined by presence of the key
arvicoline taxa traditionally used for correlation purposes (taxa
Dicrostonyx, Lagurus, M. gregalis), and by the gradual change in
faunal composition along the latitudinal gradient of environment at
any given stage of the Quaternary. Based on the key taxa and their
latitudinal range overlaps, four zones could be proposed according
to the south-north gradient: 1) Lagurini zone; 2) Lagurus—M. gre-
galis zone; 3) Lagurus—M. gregalis—Dicrostonyx zone; 4) M. grega-
lis—Dicrostonyx zone. Eolagurus, Arvicola, and Clethrionomys could
be used as additional taxa for faunal correlations south of 60° N,
and Lemmus could serve as an additional clue for correlations
through the northern territories. Transzonal faunal correlations
within the Urals and Western Siberia integrating the evolutionary
morphological studies of the key taxa and assessment of the faunal
successions may serve as a basis for Trans-Eurasian correlation.

7. Conclusions

Analysis of the longitudinal patterns of the present-day distri-
bution of arvicoline and beetle species in the modern fauna of the
Urals and Western Siberia allows establishment of four biogeo-
graphic groups, including 1) transcontinental, 2) West Palearctic
(“European”), 3) East-Palearctic, and 4) Central-Palearctic species.

Investigation of the Late Pleistocene and Holocene arvicoline
and beetle assemblages from the 104 sites in the Urals and Western
Siberia shows that the crossroads position of the Urals and Western
Siberia is reflected not only in the modern fauna but also in the Late
Pleistocene and Holocene fossil micromammal and beetle record.

The different faunal elements (arvicolines and beetles) reveal the
same biogeographic patterns.

The East-Palearctic group of arvicolines constitutes a core of the
fauna in the high and middle latitudes of the Urals and Western
Siberia. South of 56° N, the Western, Eastern and Central groups are
almost equally represented. However, the role of European species
in the arvicoline fauna has become more important from the Late
Pleistocene to the Late Holocene and present day in the northern,
middle, and southern parts of the region.

Transpalearctic species constitute a core of modern beetle fauna
of the Urals and Western Siberia within the boreal zone, whereas
the Central-Palearctic beetles dominate in steppes, and the East-
Palearctic species prevail in tundras. Dominance of the Trans-
palearctic beetle species and appearance of the most of European
boreal and intrazonal elements in the fauna of boreal zone appear
to have been gradually formed since the end of Late Pleistocene and
Holocene to the present.

Based on distribution patterns of arvicoline and beetle taxa,
zoogeographically the border between the European and East-
Palearctic faunal groups represents a vast territory where the
ranges of the species included in those groups intersect. That
border territory includes the Ural Mountains and the lowlands
lying east (West Siberian Plain) and west (East-European Plain) of
it. The biomes of those territories represent the North-Eurasian
corridors providing migrations of the species from the different
faunal complexes in west—east, east—west, and north—south
directions. Those corridors have been opened when the respective
biome was continuous, and they might have been interrupted
when the biome was fragmented.

The data on present-day distribution of the key taxa provide
a considerable contribution to the understanding of the past
biome dynamics, and to reconstructing the gaps in the fossil
record (for example, based on the disjuncted distribution patterns
caused by a decline of the ancient continuous range). On the other
hand, the data on expansions via anthropogenically transformed
habitats could be used in order to assess the dispersal rates of
a particular species and to suggest the potential rates of biotic
transformations.

Comparison of modern ranges of the key taxa with the ranges
inferred from the fossil data suggests that migrations of the East-
Palearctic group goes to the west through the northern latitudes.
The West Palearctic group goes to the east primarily via the
southern part of the region. Taking into account that the lat-
itudinal gradient of the environmental conditions has been an
inherent characteristic of the study area during the Late Quater-
nary, zonal biomes of the Urals and Western Siberia could be
regarded as the key territories to undertake faunal correlations
throughout Eurasia, and to correlate the European and Asian
stratigraphic schemes.

Arvicolines are employed in Quaternary biostratigraphy due to
their rapid evolution, abundant fossil record, and wide geograph-
ical ranges. Beetles are strictly confined to temperature conditions
and show high levels of ecological and morphological stability.
Beetle species are attributed to particular layers of terrestrial phy-
tocenoses, allowing their use as indicators of soil, humidity, inso-
lation, and vegetation type. This study confirms that arvicoline
rodents and beetles are now important objects of paleoecological,
biostratigraphical, and biochronological studies, providing the
possibility to integrate regional data sets into the continental-scale
frameworks.
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