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Late Glacial and Holocene micromammals of northeastern Europe

Dmitry V. Ponomarev, Thijs van Kolfschoten & Johannes van der Plicht

ABSTRACT. Results of studying micromammalian remains from 15 cave-type localities situated in
northeastern Europe are presented. Radiocarbon dating enabled to study the fauna development during six
climatic phases: Bolling-Allered, Younger Dryas, Preboreal, Boreal, Subboreal and Subatlantic. Assem-
blages of Bolling-Allerad with predominance of Siberian lemming are followed by communities of the
Younger Dryas. These are dominated by xerophilous species: narrow-headed vole in the Subpolar Urals,
and collared lemming in the rest of region. A considerable proportion of tundra species remained in
communities during the Preboreal. A drastic transformation of micromammalian communities from the
tundra-steppe to forest has occurred after 9000 BP, and possibly before 8500 BP. The modern-like fauna
was formed during the Subatlantic.
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Menkne mnekonutarowme no3gHenegHUMKOBbLSA U rofioLeHa
EBponeuckoro CeBepo-BocToka

0.B. NoHomapeB, T. BaH KonbdcxoTeH, U. BaH aep Mnuxt

PE3IOME. IIpencraBieHsl pe3yabTaThl H3y4eHHs MUKPOTEpHOGhayHbl U3 MSATHAALATH MECTOHAXOXICHUN
MEIEPHOTO THTIA CeBEpO-BOCTOKa EBporbl. Ommcans! mecTh a3 pa3BUTHS MUKpoTeprodayHsl CeBepo-
Boctoka EBpomnbl, 000cHOBaHHBIE paHOyTIACPOIHBIMU TaTHPOBKAMU: OEITHHT-auepén, Mo3AHUH apuac,
npebopean 6opeai, cydobopean u cybaTinanTuka. MckomaeMble KOMIUIEKCHI OEITHHTa-aImepéna co 3Haun-
TEJIbHBIM y4acTHEM CHOMPCKOTO JIEMMMHIA CMEHSIOTCS COOONIeCTBAaMM IO3[HEr0 Jipruaca, B KOTOPBIX
OOMIIBHBI KcepOoHIIbHBIE BH/IBI: Y3KOouepenHas rnojeska Ha [Tpunonspaom Ypaie, a Ha ocTanbHOM Teppu-
TOPHH — COOOIIECTBA C IOMUHUPOBAHUEM KOIBITHOTO JIeMMHHTa. Ha npoTspkeHnn npedopeana B CTPyK-
Type (ayHbl MEIKHX MiIeKonuTaomux [Ipunonsaproro Ypana coxpaHsIeTcsl 3HAUNTEIbHOE yJacTHE TYH/I-
poBeIX BuaoB. Kopennas TpaHcdopmanus CTpyKTYpbl HACEIEHHSI MEIKUX MIIEKOMHUTAIOIIUX OT TYHAPO-
CTCIHBIX K JICCHBIM co00IecTBaM mpousoinia nocie 9000 et Hazan u, BO3MOXHO, 10 8500 yieT Ha3a.
dayna coBpeMeHHOT0 THIa CPOPMUPOBATACH B CyOATIAHTUIECKOM TIEPHOJIE.

KJIKOUEBBIE CJIOBA: Menkue MJEKOTHUTAIONINE, TUICHCTOIICH, TOOICH, TI03IHEeIeAHIKOBRE, CeBepo-
Bocrounas Espona.
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Introduction

Today, the vast area of far northeastern Europe
receives a considerable attention of Quaternary paleo-
zoologists. A large volume of data has been available
from the Polar Urals (Smirnov et al., 1999; Smirnov &
Golovachov, 1999; Golovachov & Smirnov, 2009),
and the Northern Urals (Guslitser ef al., 1990; Kochev,
1993; Smirnov, 1996). In addition, new materials from
the Subpolar Urals (Ponomarev, 2005; Ponomarev &
Kryazheva, 2011) and the Timan Ridge (Ponomarev et
al., 2005, 2012; Ponomarev, 2006, 2009) are recently
presented. A considerable part of these new data
(Sokoliny, Schuger 2, 4; Kozhim 1, 2; Pizhma 1, Sed’yu
1 localities) have now been radiocarbon dated in the
framework of the research project “COllapse of the

Mammoth Steppe ECosystem” (COMSEC). In this ar-
ticle we review all the available data on fossil mammal
faunas of northeastern Europe and analyze the Late
Glacial and Holocene dynamics of micro mammalian
communities of the entire region. The development of
micromammalian assemblages is interpreted in terms
of environmental changes.

Time intervals used in this paper (**C years BP): 1)
Bolling-Allered Interstadial complex (BAIC), 12 700-
10 950; 2) Younger Dryas (YD), 10 950-10 150; 3)
Preboreal period of the Early Holocene (PB), 10 150-
9000; 4) Boreal period of the Early Holocene (BO),
9000-8000; 5) Atlantic period of the Middle Holocene
(AT), 8000-5000; 6) Subboreal period of the Middle
Holocene (SB) 5000-2500, and 7) Subatlantic period
of the Late Holocene 2500-200.
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Regional settings

The northeast of Europe is usually defined as a vast
region extending from south to north (from the Sever-
nye Uvaly Ridge, at 60°N, to the Barents Sea coasts)
for about 1000 km, and from the Mezen River in the
west to the Urals in the east. According to various
sources (Obedkov, 1995; Isachenko, 1964a), the region
can be divided into two parts different in relief and
geological structure. The eastern mountainous part be-
longs to the Urals, the remaining area is a part of the
Russian Plain including the heavily ruined Timan Ridge.

Modern-day climate is controlled by the near Arctic
Ocean. The region is relatively remote from the Atlan-
tic. The climate is strongly influenced by the arctic air
masses and by cyclones. A cold temperate (boreal)
climate is typical for the largest part of the region; it is
characterized by a long and rather severe winter and a
short, relatively warm summer (Ovchinnikova, 1964;
http://meteo.infospace.ru/climate/html).

The latitudinal change of climatic parameters is
gradual, though well observable. During summer the
temperature increases from north to south. The mean
July temperature is 8 to 10°C in Vorkuta and 18°C at
the southern border. During winter the air temperature
depends mostly on heat transport by air masses, and not
on insolation, so the temperatures decrease from west
to east. The mean January temperature in the western
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part of the region is about —15°C, while in the forelands
of the Polar Urals it is —20°C. Cold air mass invasions
from north and east may result in a temperature drop to
—40°C or even to —50°C.

The climate of the region is very wet, with annual
precipitation exceeding potential evaporation. On the
average, the total precipitation in the region is more
than 400 mm; on the western slope of the Urals it may
be as high as 1000 mm.

The northernmost part of the region lies in the
tundra and forest-tundra zones. The rest of the area
belongs to the taiga. All the taiga subzones, northern,
middle, and southern, are present here. Besides the
changes in landscape with latitude, other trends in envi-
ronmental characteristics may be traced from west to
east. The climate becomes more continental and the
Siberian biota becomes more abundant (Isachenko,
1964b).

The present-day tundra biome is inhabited by Sicis-
ta betulina, Ondatra zibethica, Clethrionomys glareo-
lus (occasionally), Clethrionomys rutilus, Dicrostonyx
torquatus, Lemmus sibiricus, Arvicola terrestris, Mi-
crotus gregalis, Microtus oeconomus, and Microtus
agrestis (in southern part) (Petrov, 2002; Estafyev,
1994). Most numerous in the zone are three species:
Dicrostonyx torquatus, Lemmus sibiricus, and Micro-
tus gregalis as follows from the long-term investiga-

Table 1. Frequencies (%) of micromammal remains from localities in northeastern Europe.

Localities
Species

1 2 3 4 5 6 7 8 9 10 11 12 13
Desmana moschata — 0.1 — — — — — — — — — — —
Ochotona pusilla — 2.3 — 0.1 — — — — — — — — —
Pteromys volans 0.1 — - - — — — - — — — - —
Sciurus vulgaris — - 15.7 - — — — — — 0.7 — — -
Tamias sibiricus 0.1 — — — — — — - — — — — —
Sicista sp. 0.2 - - - - - - — - - - — —
Clethrionomys 84 | 12 [ 223 | 06 |23 | - |[177]06 | - [265 |99 | - | 9
rufocanus
Clethrionomys

- - - - e - ~ | - | s3
glareolus
Clethrionomys

. - - - - - - - - - - - - 5.1

rutilus
Clethrionomysex | 265 | 51 | 196 | 02 | 8 | 61 |156| 06 | — | 361|104 |97 | -
gr. rutilus-glareolus
Dicrostonyx sp. - 22 06 | 431 | 149 ] 1.7 | 41 | 564|456 | 04 54 | 124 ] 5.1
Lemmus sibiricus - 55.7 - 173 | 19.5 4.1 | 21.2 | 359 — 146 | 389 | 11
Myopus 39 1 05 | 77| 21 |126| 68 | 88 |67 | - | 57 | 38 5.1
schisticolor
Arvicola terrestris 0.1 8.9 7.6 0.2 1.1 1.7 1129 | 1.7 — 2.6 0.1 1.8 | 14.8
Microtus gregalis — 9.1 — 356 | 16.1 | 34 2 106 | 185 | 03 | 339 | 33.6 | 21.7
Microtus 49 | 98 [ 189 | 04 | 1.1 [203] 32 | 1 | - | 53 [104| - |137
oeconomus
Microtus agrestis 4.2 3.4 7.7 0.4 103 | 5.1 2.0 0.6 — 19.6 7.5 3.5 9.2
Microtus
middendorffii - 1.7 - - 13.8 | - 0.7 | 0.6 - 2.8 3.8 - -
Number of remains | 1213 | 1557 | 700 | 3294 170 | 177 | 195 | 2460 | 704 358
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Table 1 (continued).

Localities

Species
14 15 16 17 18

19 20 21 22 23 24 25 26

Desmana
moschata

Ochotona pusilla — — 1

Pteromys volans — — — — —

Sciurus vulgaris 11.6 - — -

16.5

Tamias sibiricus

Sicista sp. — — — — —

Clefhrlonomys 157 19.8
rufocanus

10.3

Clethrionomys

glareolus 0.7 B 10

4.7 2.6

0.9 6.7 13 - - -

Clethrionomys

rutilus 12 B

5.6 6.2 18.9

14.6 | 8.9 2.9 19.5

Clethrionomys ex
gr. rutilus- - - - - -
glareolus

- 1.99 12 5.2

Dicrostonyx sp. — 139 | 158 15.7 —

2.2 1.5 12.8 — 17.88 | — —

Lemmus sibiricus 3.7 24.2 36.2 433 -

6.2 2.8 10.3 1.6 5 27.81 — —

Myopus 57 | 54 | 64 | 44 |315
schisticolor

12.4 6 1.6 5 29 | 397 | 133 | 82

i
rwcolq 41
terrestris

7.6 1.8 1 7.4

159 | 38.7 | 30.6 | 123 | 293 1.0 | 10.7 | 46.4

Microtus gregalis | 1.8 189 | 253 | 293 -

12.3 1 2.7 325 - -

Microtus
oeconomus

3.7 7.4 3.6 2.2 1.8

8.8 9.8 16.3 | 12.1 5 6.5 14.7 | 8.2

Microtus agrestis 6.5 9.2 7.2 1.2 7.9

84 | 10.7 | 105 | 422 | 156 | 7.0 | 10.7 | 2.1

Microtus
middendorffii

Number of

. 337
remains

1415 | 1680 | 2634 111

226 | 214 | 1611 | 684 | 481 75% | 97*

Localities: 1 — Sed’yu 2, layer 1 (Ponomarev, 2006; Ponomarev et al., 2012); 2 — Sed’yu 1 (Ponomarev, 2006; Ponomarev et al.,

2012); 3 — Pizhma 1, layer 2 (Ponomarev et al., 2005, 2012); 4 — Pizhma 1, layer 5 (Ponomarev et al., 2005, 2012); 5 — Zveroboy, layer
1 (Smirnov et al., 1999); 6 — Zveroboy, layer 1 (Smirnov et al., 1999); 7 — Pymvashor, layer 3 (Smirnov et al., 1999); 8 — Pymvashor,
layer 4 (Smirnov et al., 1999); 9 — Pymvashor, layer 5 (Smirnov et al., 1999); 10 — Sokoliny, layer 1 (Ponomarev, 2005); 11 —Sokoliny,
layer 2 (Ponomarev, 2005); 12 — Sokoliny, layer 3 (Ponomarev, 2005); 13 — Schuger 1, layer 2 (Ponomarev & Kryazheva, 2011); 14 —
Schuger 2 (Ponomarev & Kryazheva, 2011); 15 — Schuger 4, layer 1 (Ponomarev & Kryazheva, 2011); 16 — Schuger 4, layer 2
(Ponomarev & Kryazheva, 2011); 17 — Schuger 4, layer 3 (Ponomarev & Kryazheva, 2011); 18 —Schuger 5, layer 1 (Ponomarev &
Kryazheva, 2011); 19 — Schuger 5, layer 2 (Ponomarev & Kryazheva, 2011); 20 — Kozhim 1, layer 1; 21 — Kozhim 1, layer 2; 22 —
Kozhim 2, layer 1; 23 — Kozhim 2, layer 2; 24 — Medvezh’ya, brown loam A (Kochev, 1993; Smirnov, 1996); 25 — Shezhim (Smirnov
& Sadykova, 2003); 26 — Pikhtovka (Smirnov & Sadykova, 2003).

* — maximum number of the same molar.

tions using trapping techniques (Petrov, 2002) and also
from the analysis of rough-legged buzzard Buteo lago-
pus pellets and polar fox Vulpes lagopus faeces (Voro-
nin, 1995; Polezhaev, 1998).

The forest-tundra is presently occupied by Sciurus
vulgaris (occasionally), Sicista betulina, Ondatra zibe-
thica, Clethrionomys rufocanus (mainly in mountain-
ous part), Clethrionomys rutilus, Lemmus sibiricus,
Arvicola terrestris, Microtus gregalis, Microtus oecono-
mus and Microtus agrestis.

The taiga biome is inhabited by Ochotona hyper-
borea (in the mountainous part only), Sciurus vulgaris,
Tamias sibiricus, Sicista betulina, Micromys minutus,
Ondatra zibethica, Clethrionomys rufocanus (mainly

in mountainous regions), Clethrionomys glareolus,
Clethrionomys rutilus, Myopus schisticolor, Arvicola
terrestris, Microtus oeconomus and Microtus agrestis
(Bobretsov et al., 2005; Kulik, 1972; Petrov & Po-
roshin, 2005; Turyeva & Balibasov, 1982; Turyeva et
al., 1977; Bobretsov et al., 2004).

Material and methods

Twenty six local faunas of small mammals have
been studied. The results are shown in Table 1 and in
Figure 1. Radiocarbon dates obtained for faunal assem-
blages are listed in Table 2. The local fauna is a list of
taxa recovered from one layer or several conventional
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Figure 1. Map of micromammalian localities in northeastern
Europe.

horizons (Smirnov, 2003). All the local faunas are
recovered from localities of a single taphonomic type,
namely zoogenic deposits in karst caverns. Fossil re-
mains accumulated as a result of hunting activities of
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predators and raptors.

All studied localities can be combined into four
geographical groups: localities of the Southern and
Middle Timan Ridge (Sed’yu 1, 2 and Pizhma 1 respec-
tively), sites of the Northern Urals (Medvezh’ya Cave,
Shezhym, Pikhtovka), localities of the Subpolar Urals
(Sokoliny, Schuger 1, 2, 4, 5; Kozhim 1, 2), and the

Polar Urals (Pymvashor and Zveroboy).
The "C dates were calibrated using IntCal09 cali-
bration curve (Reimer et al., 2009). The calibrated

() 7

Table 2. Radiocarbon dates for Quaternary mammal remains from localities in northeastern Europe.

13
C
Sites date . - Lab. No * Species Da.ted cal Bl.) range Reference
(BP) sigma object (1-sigma)
Medvezh’ya Cave mamm. Guslitser &
(brown “A” loam) 13260 230 T-13476 indet bone 16670-15650 Paviov, 1988
Medvezh’ya Cave mamm. Guslitser &
(brown “A” loam) 12230 100 LE-3059 indet bone 14210-13930 Paviov, 1988
Pymvashor mamm. Golovachov &
(layer 3) 8500 250 GIN-9005 indet bone 9890-9130 Smirnoy, 2009
Pymvashor mamm. Golovachov &
(layer 4) 10000 250 GIN-9004 indet bone 11990-11210 Smirnov, 2009
Pymvashor mamm. Golovachov &
(layer 5) 11125 80 TUa-1394 indet bone 13110-12930 Smirnov, 2009
Pizhma 1 mamm. Ponomarev et
(layer 5) 9940 150 GIN-10570 indet bone 11700-11220 al., 2005
Pizhma 1 10180 | 50 | Gra42216 | AP alcaneus | 11980-11470 | Pomemarever
(layer 5) lagopus al., 2012
s IGAN- mamm. Ponomarev,
Sed’yu 1 10560 280 3224 indet bone 12725-11985 2006
R Desmana . 14460-14360 Ponomarev et
Sed’yu 1 12310 60 GrA-38567 moschata mandible 1424014050 al., 2012
Sokoliny, layer 2 10390 50 GrA-42215 Lemmus mandible 12390-12140 -
Dicro- Ponomarev &
Schuger 4, layer 1 | 10090 60 GrA-49440 bone 11820-11900 Kryazheva,
stonyx 2011
Rangifer Ponomarev &
Schuger 4, layer 2 9710 45 GrA-49351 & humerus 11205-11125 Kryazheva,
tarandus 2011
Ponomarev &
Schuger 4, layer 3 | 11850 60 GrA-49439 Lemmus cranium 13800-13620 Kryazheva,
2011
Sciurus Ponomarev &
Schuger 2 950 35 GrA-49352 . mandible 870-825 Kryazheva,
vulgaris
2011
Kozhim 1, layer 2 | 9090 45 | Gra-493s3 | Arvicola mandible 1026010205 -
terrestris
Kozhim 2, layer2 | 1655 35 | Gra-493ss | Amvicola | dible 1605-1520 -
terrestris
mamm. Golovachov &
Zveroboy, layer 4 4100 200 GIN-9006 indet bone 4860-4380 Smirnov, 2009

“ Laboratory codes for dates: CAMS — Centre for Accelerator Mass Spectrometry, Lawrence Livermore National Laboratory, USA;
GIN — Geological Institute, Russian Academy of Sciences (RAS), Russia; GrA — Groningen Radiocarbon Laboratory, The Netherlands;
LE — Institute of Archeology, Leningrad Branch (currently Institute of the History of Material Culture), RAS, Russia; T — Trondheim,
Radiological Dating Laboratory, Norway; TUa — prepared in Trondheim, measured in Uppsala University, Sweden.
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dates are reported in calBP, i.e. calendar years relative
to the year 1950.

To describe distinctive features of ecological struc-
ture dynamics in detail it is necessary to classify small
mammal species according to their biological and eco-
logical requirements: biotopes, climatic preference (tem-
perature and humidity) and distribution in modern
biomes. This information is taken from the literature
(Ognev, 1950; Gromov & Polyakov, 1977; Gromov &
Erbayeva, 1995; Anufriev, 1994a, b, c; Petrov, 1994a,
b, ¢; Pystin, 1994; and others).

According to the main climatic factors (temperature
and humidity), micromammalian species are combined
in the following way: 1) cryoxerophilous species: col-
lared lemming (Dicrostonyx); 2) mesothermic-xerophil-
ous: narrow-headed vole (Microtus gregalis); 2) meso-
philous species preferring temperate conditions: Clethri-
onomys species and field vole (Microtus agrestis); 3)
mesothermic-hydrophilous species: root vole (Micro-
tus oeconomus) and wood lemming (Myopus schisti-
color); 4) eurythermic-hydrophilous species: water vole
(Arvicola terrestris); 5) cryohydrophilous species: Si-
berian brown lemming (Lemmus sibiricus) and Mid-
dendorf’s vole (Microtus middendorffii).

One of the most significant ecological parameters is
the specific biotope. Small mammals prefer certain
biotopes, and can therefore be divided into four groups:
1) typical tundra biotopes except for wet habitats —
collared lemming (Dicrostonyx torquatus) and (partly)
narrow-headed vole (Microtus gregalis) which is also
abundant in grasslands, shrubs and floodplains; 2) wet
tundra biotopes — Siberian brown lemming (Lemmus
sibiricus) and Middendorf’s vole (Microtus midden-
dorffii); 3) riparian habitats — water vole (4Arvicola
terrestris). The water vole Arvicola terrestris prefers
the riparian habitats mainly in summer whereas in win-
tertime it occupies elevated areas far from water bod-
ies. To some extent, the root vole (Microtus oecono-
mus) can be assigned to this group as well. But it prefers
shrubby highly productive lush riparian vegetation along
shores of small rivers and springs; 4) all kind of forest
habitats — all Clethrionomys voles; 5) various forest
and grassland habitats — field vole (Microtus agres-
tis). In the tundra, this species inhabits patches of wil-
low trees in shrub tundra and on floodplains.

According to their distribution in modern biomes,
the species are combined into five groups: 1) typical
steppe species — steppe pika (Ochotona pusilla); 2)
typical taiga species — wood lemming, Clethriono-
mys species and field vole; 3) typical tundra species —
collared lemming, Siberian brown lemming, Midden-
dorf’s vole; 4) typical for two biomes: tundra and
steppe — narrow-headed vole; 5) typical for several
biomes — root vole and water vole. It is noteworthy
that among modern non-tundra species the northern
red-backed vole (Clethrionomys rutilus), root vole,
field vole, and the water vole range farthest north up
to the northern border of the shrub tundra. They are
abundant there.

Results and discussion

Bolling-Allerad interstadial complex

Fossil assemblages of the BAIC are known from
different parts of the region. The unique feature of the
Bolling-Allered fauna is its moderate cryohydrophil-
ous nature. It is characterized by a high amount of
Siberian lemming remains in comparison with other
tundra species. Such an ecological structure is observed
in Schuger 4, layer 2 and 3; Medvezh’ya Cave, brown
loam A; Sed’yu 1 and Pymvashor, layer 5. The fossil
assemblage from the brown loam A is a little older than
the BAIC, the end of the Late Glacial Transition as
appears from one of the dates (13260 BP) obtained for
this layer. The mammal communities from Schuger 4
and Medvezh’ya Cave are very similar in species com-
position and ecological structure, but the fauna from
Pymvashor is more adapted to colder climate. This is
explained by its location, the north of the region. Possi-
bly the local fauna of Sokoliny, layer 3 is also of BAIC
age because layer 3 underlies a layer 2 which is radio-
carbon dated to the Younger Dryas, and because the
mammal assemblage of layer 3 is much like the commu-
nity of the Medvezh’ya Cave. A considerable propor-
tion of Siberian lemming remains is also observed for
this fauna and apparently it dates to one of the Late
Glacial episodes, of which the BAIC is the most likely
one.

The fauna recovered from Sed’yu 1 locality is mark-
edly different. Remains of Siberian lemming far exceed
all other species in abundance (61.5%). Specific fea-
tures of this assemblage resulted from specific natural
environments and floristic associations as well as tapho-
nomical factors. This fossil assemblage represents an
extreme type of community with a clear predominance
of cryohydrophilous species — the Siberian lemming.
Analogues of this fauna can be found among modern
communities inhabiting the arctic tundra (Petrov, 2002).
A very similar assemblage is also known from layer 4
of Studyonaya Cave in the Northern Urals (Kochev,
1993). This layer underlies the layers 1 and 2 with
predominance of collared lemming remains that al-
lowed Smirnov (1996) to suggest that these layers are
of LGM age, and that layer 4 dates to the Early-Middle
Weichselian.

According to palynological data (Simakova & Puza-
chenko, 2008a; Nikiforova, 1982; Arslanov et al., 1981;
Velichko et al., 1997, 2002; Grichuk, 1982; and oth-
ers), the north of Eastern Europe was dominated by
shrub tundra and periglacial forest-tundra, with local
patches of tundra-steppe. Most common were commu-
nities with Betula nana, Salix, Ericales, Hippophae
rhamnoides, Juniperus, Rubus, Helianthemum, Arme-
ria, Sphagnum, Selaginella, along with pine-birch
stands.

Wood macrofossils and palynological data on tree-
line dynamics during Late Glacial and Holocene ac-
cording to materials from the north of Europe (Lata-
lowa & van der Knaap, 2006), central and northwestern
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Figure 2. Abundance of rodents (%) in fossil assemblages. 1 — Zveroboy, layer 1; 2 — Schuger 2; 3 — Sokoliny, layer 1; 4 —
Pikhtovka; 5 — Pizhma 1, layer 2; 6 — Sed’yu 2, layer 1; 7 — Zveroboy, layer 4; 8 — Pymvashor, layer 3; 9 — Kozhim 1,
layer 1; 10 — Pymvashor, layer 4; 11 — Kozhim 1, layer 2; 12 — Schuger 4, layer 1; 13 — Sokoliny, layer 2; 14 — Pizhma
1, layer 5; 15 — Pymuvashor, layer 5; 16 — Schuger 4, layer 2; 17 — Sokoliny, layer 3; 18 — Medvezh’ya Cave, brown loam
A; 19 — Sed’yu 1.

parts of East European Plain (Novenko et al., 2009), ence of trees in BAIC vegetation of northern Europe
north of Eurasia (Binney et al., 2009), Scandinavia  especially in river valleys and protected biotopes.

(Kullman, 2008) and Karelia (Wolhfarth ez al., 2007) Earlier suggestions that trees in the European north-
support the conclusions concerning a noticeable pres-  east reached far north, even up to the coast of the
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Barents Sea (Nikiforova, 1982; Arslanov ef al., 1981),
are not supported by more recent research near the
coasts of the Barents Sea (Paus et al., 2003) and the
Kara Sea (Andreev et al., 2001). According to these
data, shrub tundra (Paus et al., 2003) associations with
Poaceae, Cyperaceae, Salix, Saxifraga and xerophytes
(Andreev ef al., 2001) grew there, and the reconstruct-
ed temperature was slightly colder than the present one.

Younger Dryas

The local faunas from Schuger 4, layer 1, Sokoliny,
layer 2 and Pizhma 1, layer 5 represent the Younger
Dryas micromammalian fauna. We attribute the age of
layer 1 to the Younger Dryas because it is consistent
with the calibrated radiocarbon date of this interval
(11820-11900 calBP) and which is within the chrono-
logical limits of the Younger Dryas as observed by
Rasmussen et al. (2006).

Younger Dryas communities of micromammals are
considerably different from each other. In the Timan
Ridge (Pizhma 1, layer 5) a large fraction of all the
remains (almost 96%) shows three species, namely
collared lemming (46.4%), Siberian lemming (18.6%)
and narrow-headed vole (30.7%). Assemblages less
adapted to cold inhabited the Subpolar Urals at this
time, with more than half of the remains of tundra
species. Either the three tundra species (Schuger 4,
layer 1), or narrow-headed vole (Sokoliny, layer 2)
predominate. Probably the resemblance of all assem-
blages from the Subpolar Urals is not coincidental, but
is a result of specific local environments of this area
during Younger Dryas.

As follows from palynological data, the Younger
Dryas cooling caused birch forests to be more open,
while tundra and steppe plant communities penetrated
into free areas (Arslanov ef al., 1981; Nikiforova, 1982;
Velichko et al., 1997; Kremenetski et al., 1998; Kaak-
inen & Eronen, 2000; Velichko et al., 2002; Bohncke,
2008; Golubeva, 2008; and others). Shrub tundra and
larch-pine-birch woodlands developed along with steppe
communities.

Preboreal

Fossil assemblages dating to the Preboreal are found
in Pymvashor, layer 4 and Kozhim 1, layer 2. The
community of Pymvashor is quite cold-adapted (81% of
tundra species) and has much in common with the assem-
blage from layer 5 of Pizhma 1. Such an appearance of
this local fauna, predominance of cryophilous species, is
explained by the northern geographical position of the
locality. The mammalian assemblage of Kozhim 1 is a
typical “hyperborean”, “tundra-steppe”, “non-analogue”
with considerable amounts of tundra species (35% alto-
gether) and a low share of taiga species (17.6%).

During the Preboreal, shrub tundra was succeeded
by forest-tundra floristic associations; locally there ex-
isted pine-birch forests, sometimes with spruce, alter-
nating with tundra-steppe communities. It should be
noted that in the north of Eastern Europe floristic ele-
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ments of periglacial tundra-steppe persisted in the veg-
etation until the Boreal (Arslanov et al., 1981; Niki-
forova, 1982; Velichko et al., 1997; Kremenetsky et
al., 1998; Kaakinen & Eronen, 2000; Velichko et al.,
2002; Golubeva, 2008; Simakova & Puzachenko, 2008b;
and others).

The paleoclimatic data obtained for the Subpolar
Urals must be mentioned. It has been shown by Kultti ez
al. (2003) that the Postglacial climatic optimum oc-
curred here during the early Holocene (95009000 BP)
when summer temperatures were 2°C warmer than to-
day, and the climate was generally more humid. This
warming was accompanied by expansion of forest veg-
etation and lasted until 5500—4500 BP.

Boreal

The Boreal fauna is observed in layer 3 of Pym-
vashor and possibly in layer 1 of Kozhim 1. The Pym-
vashor assemblage is typically forest type with domi-
nant forest and riparian species. The proportion of
tundra dwellers is insignificant. Layer 1 of Kozhim 1
overlies layer 2, which is radiocarbon dated to the
Preboreal. Forest and riparian species (90%) prevail in
the community of layer 1.

During the Boreal period taiga forests became the
prevalent vegetation type; they expanded northwards as
far as the Arctic sea coasts (Arslanov et al., 1981,
Nikiforova, 1982; Velichko ef al., 1997; Kremenetsky
et al., 1998; Kaakinen & Eronen, 2000; Velichko et al.,
2002; Golubeva, 2008; Simakova & Puzachenko, 2008a;
and others).

Subboreal

The Subboreal assemblage was recovered from cave
deposits of the layer 4 of Zveroboy. The fauna is dom-
inated by forest (more than 50%) and riparian (about
30%) species but tundra species are present in much
smaller amounts.

One more climatic optimum has been recorded in the
Subboreal; at that time dark coniferous forests with par-
ticipation of broadleaf trees spread over the greater part
of the territory. The southern taiga subzone reached as
far as 64—65°N, and northern taiga expanded onto the
coasts of the Barents Sea. In the southernmost areas there
were subtaiga forests of broadleaf species (Surova et al.,
1975; Arslanov et al., 1981; Nikiforova, 1982; Velichko
et al, 1997; Kremenetsky et al., 1998; Kaakinen &
Eronen, 2000; Velichko ef al., 2002; Golubeva, 2008).

Subatlantic

The forest assemblages from Schuger 2, Kozhim 2,
layer 2 of Pizhma 1, Sed’yu 2, layer 1 of Schuger 5,
layer 1 of Zveroboy, Pikhtovka, and Shezhim are of
Subatlantic age. The species composition and ecologi-
cal structure of micromammalian fauna in different
parts of the region is essentially variable. The forest
species predominate in assemblages of the taiga zone of
the Timan Ridge and the Northern Urals. To the north
in the Subpolar Urals tundra species collared lemming
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and narrow-headed vole appear, but the forest species
remain dominant. The late Holocene fauna of the Polar
Urals is tundra-like; tundra species dominate while
taiga and riparian dwellers are considerably less nu-
merous.

The climate underwent several cooling and warm-
ing phases in the region during the Subatlantic (Niki-
forova, 1982; Golubeva, 2008).

Conclusion

We conclude that the evolution of the micromam-
malian fauna in northeastern Europe took place as fol-
lows. The Bolling-Allered warming led to a wide distri-
bution of communities with predominance of Siberian
lemming (cryohydrophilous species) in the entire Euro-
pean northeast, with an exception of its northernmost
part. The cooling during the Younger Dryas in the
Subpolar Urals resulted in a reduction of tundra species
and an increase of forest species. Among tundra forms,
the xerophilous narrow-headed vole becomes more nu-
merous. It should be also noted that the Younger Dryas
fossil assemblages of the Subpolar Urals show a higher
content of steppe elements, in contrast with other com-
munities of that time. The assemblages of Timan (Pizh-
ma 1) and the Polar Urals (Pumvashor) are comprised
of more cryophilous species, with a considerable por-
tion of tundra species and predominance of collared
lemming. The peculiarity of fossil assemblages of the
Subpolar Urals is probably not coincidental and re-
flects not yet known specific landscape-climate fea-
tures of this area during the Younger Dryas.

The Preboreal warming resulted in a lower propor-
tion of tundra species and a synchronous increase of
riparian species. However, the fauna appearance in
general remained mixed tundra-steppe, in contrast with
climate reconstructions showing that at 9000 BP, most
part of the region has been occupied by taiga. This
persisting tundra-steppe structure might contribute to
variability of habitats typical for mountainous areas and
also by the prolonged existence of periglacial vegeta-
tion until the Boreal. Radical transformation of micro-
mammalian communities resulted in replacing domi-
nant species from tundra to forest occurred after 9000
BP, and possibly before 8500 BP. Forest species re-
mained in the fauna in the north of region till the end of
the Subboreal. The modern fauna was formed during
the Subatlantic.
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