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Deposits of permafrost peat bogs, which have b@emed by natural outcrops of rivers and lakes haeen investigated
in forest-tundra and north taiga zones of eastdape of the Polar and Pre-Polar Ural Mountains. Rol and botanical
analysis of peat and radiocarbon dating of depositsre used as research methods. Fluctuations oétadgn and

ecological conditions were revealed in HolocenarfrBreboreal till Subboreal periods. The Holocenevgh of heat level
was shown to be traced by spatial and temporal oyos of the tree line to northwards. In the warmgttantic period

taiga forests with predominance of spruce wereeaged on the whole territory. Intensive peat foiorathave been
occurred from 9000 till 4000 years ago.
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INTRODUCTION

Research on the Holocene nature dynamics beconresnety important for understanding the process of
modern global warming. Disclosure of relations kEsw nature vegetation communities as dependant upon
climate changes in the past is to provide the liagisedict tendencies of their development inrtbarest future.
The Subarctic regions of northern Eurasia seemdsent a key for revealing both regional and glghhatesses
in nature areas affected by Atlantic air masses.

It is a known fact that climatic changes of the ¢t@ine time showed the most striking pattern in the
Subarctic regions [Grichuk, 1969; Khotinsky, Sayih@85; Velichko, 1989; 1991; Velichko, Klimano\Qdo;
etc]. Thus, during the Holocene climatic optimum be tAtlanticum, the temperatures of both summer and
winter intervals in the North Hemisphere showed st increment values in high-latitude areas (@ON).

A. Velichko [1991, p. 13] came to conclude thatemhincrease of the period thermic level was dise to that
marked in high-latitude regions.

Dendroclimatic studies held in the regions of Wmatl Siberian Subarctic revealed that range of summe
temperatures’ variation within and between centughowed neither significant shifting during thet|a500
years; climatic changes in this region are stilluenced by natural factors and but slightly aféecby human
activities [Vaganov et al., 1996; 1998].

Studies for paleovegetation on bogs in Pre-Urabregof northern West Siberia started in the fiestades
of the XX century [Suckachev, 1922; Katz, Katz, 892948 etc] resulted to conclude of significant northward
spread of forest communities into the zone now piexli by forest-tundra evidencing of significantnwitic
changes of the post-glacial time.

In the Polar Urals, pollen sequences from peatdoud) lake sediments supplied with 14-C dating were
previously examined in northern and southern pafrthe mountain-valley tundra zone [Surova, 1967;,08a,
Troistky, 1971; Surova et al., 1975]. The authot®ived the Holocene climate and vegetation chafiges the
early Dryas to Sub-Atlanticum, concluding of forgegetation (mainly Picea) spread into the tundreezalong
rivers, during the Holocene climatic optimum foeesf the Ural western and eastern slopes were mhake
contact in river valleys.

For the region of the Pre-Polar Urals, there g@ngle publication on the pollen analysis of twaied
peat-fields at the Manya-river referred by the autio the Holocene interval [Fedorova, 1951] bukiag the
14C-dates. Pollen spectra of these peat-bog dsmbswed dominance of Picea and Pinus grains jautol 8%
broad-leaved pollen grainBlnus, Tilia, Quercus, Coryl)isleading the author to report of growing theregis
of spruce and spruce with Siberian pine thus irfigato the climate more mild as compared to thHgtresent
time.

The main goal of our study was to reconstruct festwof the Holocene climate, vegetation and bog
formation dynamics in previously not examined rezranteas of the Polar and Pre-Polar Urals.



STUDY AREA
The region of our study is situated on the cemaat of the Polar Urals (fig.1, A), in the Sob-ni@asin (a
left tributary of the Ob-river), in the forest-turadzone, at the timberline, where a long-term decidnatic
observations have been performed [Shiyatov, 198632 Shiyatov, Mazepa, 2002fc]. The study site was
located in the Pre-Polar Urals (fig.1, B), in thesim of the Lyapin-river (tributary of the rivermad Severnaya
Sos'va), within the zone of north-taiga forestse Hlverage altitude made about 100-200 m abovesthkegel.
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Fig.1. Map showing the location of the studied site: An-the Polar Urals, B — on the Pre-Polar Urals.41- the sections:
— the palsa Chernaya Gorka; 2 — peat bog a@@d¢heval’noe Lake; 3 — peat bog at the Cherny BycHt - peat bog in
the bank Lyapin river.
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Climate of the region of the Polar and Pre-Polal&rs influenced by the high-latitude radiatioginee,
intensive cyclonic activity, proximity of the ArctiOcean, significant relief partition and meridistnetch of
ridges [Shvareva, 1962]. Modern climate is desdribe continental, of the Subarctic-type, with digatold
winter and short cool summer. January averageeeatyres make from -19 to -24°C; those in July measure
+12-14°C, in the Pre-Polar Urals up to +16. Vegetation period (air temperatures over %10in the Polar
Urals forest-tundra areas does not exceed 60 dagling about 80 days at the Pre-Polar Urals eastepe.
Average precipitation value is about 500-700 mmisuntain forest-tundra areas and not over 450 nmykper
in the mountain-taiga belt in the Trans-Urals; witbximum precipitation level in summer time. Thewrcover
in mountains is established in September termstayjing till June; in the Pre-Polar Urals the srione begins
in mid-October and finished in May. In the Transaldrsnow cover is about 70 cm thick; in mountaimsws
sheet is thicker but not uniform in different arela® to relief features and wind directions. In evidilleys and
near to the peaks winds are strong and constamtieabk but fair winds are marked in many closedsaasethe
eastern slope. Winter winds are mainly south-wtsise in summer time come from north and east. An
important limiting factor for vegetation is permast, during short summer time the soil thaw lay@kes no
more than 20-30 cm.

The vegetation is the forest-tundra with larchiusp and birch in the Polar Ural. Open forests were
dominated by arix sibirica, sometimes added witicea obovatandBetula tortuosaOpen areas are occupied
by tundra communities. Bush storey reveals domieasicdwarf birch Betula ), presence of different
willow species §alix lanata, S. lapponum, S. phylicifolia, S.aefthta, S. glaucaetc), alder Alnus fruticosa
Herbal communities includeedum palustre, Empetrum hermaphroditum, Arctopsal Arctostaphylos uva-
ursi, Andromeda polifolia, Vaccinium uliginosum,vitis-idaeg; in damp areas there are markBdbus
chamaemorus Eriophorum vaginatuiy sedges Garex globularis, C. hyperborg@a Menyanthes trifoliata,
Parnassia palustris other mesophilic herbsR@bus arcticus, Sanguisorba polygama, Polygonutortés
P. viviparum, Veratrum lobelianyndaleriana capitata, Pedicularis oederi, Saxifragachlus, Cardamine
pratensis, etc.)and horsetails Hguisetum sylvaticupetc); Dryas octopetala, Dianthus repens, D. superbus,
Silene acaulis, Minuartia arctica, Saxifraga caéspa, Saussurea alpinare met on dryer slopes. The soil
cover is composed of dominating green moss@Asilacomnium turgidum, Chrysohypnum stellatum,
Hylocomium splendensgtc) and lichen spotsAlectoria, Cladoniaalpestris, C. sylvatica, C. rangiferina,
Cetraria islandica, C. nivalis, C. cucullata, C.lgei, Dactylina arcticagtc).

In foot-hills of the eastern slope there grow opanmests of spruce-and-larch and of spruce withhping
some places elevating by valleys up to 150-160gh (over the sea level). Practically pure larcle$ts occupy
the pre-goltzy belt. The upper borderline of fonesgetation lies at about 200-250 m a.s.l., ramehlgroves are
registered up to 300 m.

In the Pre-Polar are forests of sprueieda obovatpand Siberian pinePinus sibirica) added with birch
(Betula pubescepsin the foothills — with Common pinePinus sylvestris Forests in the area are light,
coppice, often bogged, with ground waters nearh® durface. The soil cover includes green and bog
mosses; low shrub storey is composedefula , Ledum palustre, Vaccinium uliginosum, V.vitis- idae
etc Forests alternate with frozen bogs.

Objects of the study were frozen peat-bogs elevatea the water surface as hummocks of different
height, which are naturally exposed by erosionhef banks of small and big-sized lakes, and of sivaard
streams. Peat layer thickness was not more thanpeat was underlain by lake fine-grain organic amderal
sediments or fine-grained sandy deposits (in raret stream banks). Three peat sections were exdrinirtee
Polar Urals.

Peat hummock “Chernaya Gorka” (67° 05’ N; 65° 21'1#0 m a.s.l.) is situated about 10 km eastward
from the Europe-Asia boundary, 2 km northward fritve settlement Polyarny, in the flood-plain of ®eb’-
river left tributary, river Bolshaya Paipudyna,some 100 m from the river bank. The site is adgppalsa,

20 m in diameter and more than 5 m high at the dsglpoint. The palsa is in a phase of degradatiwh a
traces of erosion by wind, water and cryoturbatame notable. The southern side is gradually being
destroyed due to thawing within the frozen cored arsmall lake (c. 20 15 m), roughly similar in size

to the palsa, has been formed on the southern éideiverside vegetation of the lak&riophorum
russeolumand peat mosses showed dominance.

Peat deposit at the Pereval’ny Lake (66° 51’ BF, 41’ E; 280 m a.s.l.) is situated in a depressibthe
south-eastern spur of the Ray-Iz massive, abown8@outh-eastward from the previous site. Flabbkitype
peat-bog is adjacent to the lake east bank; pgeitsite form an outcrop 190 cm thick, with lowerdayca. 1 m
over the lake water surface.

The peat-bog at the Cherny Ruchey lies about $dmth-westward from the Pereval’'ny Lake, within the
same depression area, ca. 280 m a.s.l. Distioat fhese two sites, the peat-bog at the Cherny &uafas cut
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by the running water, and thus in July (when samplere collected) the section was not frozen. Eunsents
tested were 120 cm deep. The lower strongly miieedlstrata (down to 140 cm) were under water aecew
not sampled for pollen analysis.
In the Pre-Polar Urals, peat-bog at the Lyapinfrme@s examined, just near the Kulem'ya-river issue

(64 13'N; 61 04’ E). Peat deposit is elevatedeothe water surface for about 0.5 m; it was 1.&iuk,
underlain by sand with humus layer.

Two peat-bog sites in the Polar Urals had been memand published previously: that at the
Pereval’'ny lake and the second one named Chernagia@anova et al., 2003; Jankovska et al., 2006].

Here we present more detail the results of examinaf a small flat peat hummock found at the Ciiern
Ruchey and another one exposed in the floodplaitheotyapin-river.

METHODS

Samples were collected from outcrops during sunfiakel season, as continuous 5-cm columns packed
in plastic; samples were treated and examined meriime, in the lab. The main methods were botdrand
pollen analyses of peat cores dated by 14-C.

Samples were treated by alkaline method after Bodt acetolysis [Paleopalynology, 1966]. Mineral
samples from down layers were enriched by separatiethod after V. Grichuk using Cd heavy liquidigBuk,
Zaklinskaya, 1948].

Pollen diagrams were made by program TILIA andIAIGRAPH [Grimm, 1992]. Percentages of the
taxa for the diagrams were calculated as relatedecsummed amounts of trees and shrubs pollemded)dor
100%.

Ages of the deposits were C-14-dated in Radiocaf®r Sum of trees & shrubs pollen; NAP — Sum of
herbs & low shrubs pollen in laboratories of differ institutes: Institute of Physics, Silesian Trechl
University in Gliwice (Poland), Institute of Geo@RAS, Siberian Branch, Novosibirsk), Geologiaastitute
(RAS, Moscow), the State University (St-Petersbubgjtes were not calibrated (table 1). All discdsdates are
given in the radiocarbon years.

Table 1.Radiocarbon ages (14yr BP) from the studied peat bog sections.

1.! " # :
Laboratory No Depth, cm Dated material 14-C ageBR
The section of the Chernaya Gorka
Gd — 9938 15-20 peat 6020 +200
Gd - 10776 150 peat 8720+180
Gd — 9947 180 peat 8620+270
Gd — 9935 205 Salix wood 9230+280
The section at the Pereval'noe Lake
LU-6425 150 peat 9030+80
LU-6424 190 peat 9270110
The section at the Cherny Ruchey
SOAN - 3106 100 - 120 peat 5655+40
The section at the Lyapin - river
GIN - 13873 20-30 peat 592060
GIN — 13874 142 — 152 peat 9010+80
RESULTS

Two peat-bog sites in the Polar Urals had been metmand published previously: that one at the
Pereval’ny Lake and the second named Chernaya (G@sdeova et al., 2003; Jankovska et al., 2006pr&pnd
pollen diagrams of this peat-bogs (fig. 2, 3) réedasimilar curves for the main taxa of trees, legshnd some
herbs. Four main pollen zones were distinguished:

1. The zone marked by domination of birch pollergimy shrub speciesBgétula nanatype), with
herbaceous plants represented by polleRadceae CyperaceagArtemisia Chenopodiaceaand some other
herbs — in the bottom stratum of organic-and-min&ake deposits, indicating cold conditions of trencbr
forest-tundra.

2. Zone of willow pollen maximumSalix), further showing high amounts of green mos8sgaleg and
algae registered in the upper part of the lakensedis, marking warmer conditions, spread of busiraes
overgrowth of the water pool.
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Fig. 2. Pollen and spore diagram of the Chernaya Gorksapsaction. Polar Ural Mts. (67° 05’ N, 65° 21'1#0 m a.s.l.). Pollen analyst V. Jankovska.
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3. Zone with prevalence of pollen of birch&e(ula sec. Albgeand sedgesCyperaceak observed in
lower part of peat deposit, reflecting the begigniri paludification and peat formation; apparemhen forests
of larch and birches were also present in the area.

4. Zone of spruceRiceg pollen dominance, showing twRiceapollen peaks (the lower and upper ones),
separated by an increase of birch pollen in thenrpaat layers, corresponding to the taiga forestsimated by
spruce trees.

5. The zone marked by a decrease of spruce polidrbg higher numbers of birch and shrubs pollen
grains @Alnus fruticosatype, Betula nanaype) was observed only in peat upper layers aPgreval'ny Lake,
the spectra indicating to the colder climate, spmatreat and thinning of forest stands.

In the peat section Chernaya Gorka this pollen zsag not found, because the hummock surface was
destroyed due to cryogenic processes and eolation.

Dating of the samples revealed that zones 1 amregpond to the Preboreal time, zone 3 — to thedo
zone 4 marked the Atlantic, and zone 5 — the Sidalbamterval.

The peat-bog at the Cherny Ruchey seemed integeh us, as it was ever examined for plant
macrofossils and C-14 age [Koshkarova et al., 1988¢ dates showed that peat formation also stalteidg
the Boreal period: the peat bottom layer (130-d#h0deep) presented the date 8530 + 50 yr BP (SOZ2$)3

The peat sample from the layer 100-120 cm deepatesi at 5655+ 40 (SOAN-3106). Stratigraphy of the
section and our results of pollen analysis are sham fig. 4. The following pollen zones have been
distinguished on the diagram (upward from the bojto

Zone 4 — of sprucePiceg dominance (55-120 cm deep) — corresponds topakme 4 marked on the
diagrams from the Pereval'ny Lake and Chernaya &sites referred to the second half Atlantic period

Zone 5 (5-55 cm deep) correspond to Sigatbdime.

The spectrum from 50-55 cm deep demonstrated #isamt decrease of spruce pollen, whereas numbers
of birch and shrub pollen grainBdtula nanatype, Alnus fruticosaype) were marked to grow. These features
probably mark some short and abrupt climate skftmwards cold and aridity, at about the bounddryhe
Atlanticum and Subboreal intervals, ca. 4500 yegrs

Upwards, spruce pollen grains numbers increaseid.ggpectra from the samples 30-50 cm deep inglicat
to warmer and more humid conditions of mid-Subbldtieze.

In the upper 30-cm peat layer spruce pollen agais mvarked to decrease, contrary to the growth ligrpo
numbers of birches, pines, bushes, sedges ancegrakfferent herbs, horse-tails and peat mosdes spectra
indicate to the vegetation similar to the modenpetythat of forest-tundra communities with larghruse, and
birch trees.

Figure 5 presents stratigraphy of the section aligm diagram of the peat bog at the Lyapin-riviaxo
peat samples have been radiocarbon- dated: thattfre layer 140-150 cm deep gave 9010 + 80 (GINF438
and the age of 5920 + 60 years BP (GIN-13873) spmeded to the layer of 20-30 cm, indicating theatp
formation was started during the Preboreal timefoflee 9000 years ago), finishing in the Subboredie T
following pollen zones may be distinguished (upveardm the bottom):

1. Zone marked for prevalence of shrulBet(la sec. Nanae+ Fruticosae SaliY), herbs Artemisia,
Chenopodiacead?oaceaeCyperaceag green mosse8(yaleg and algae (genuRediastrum)in the layer190-
170 cm deep. Spruce and birch pollen grains aee fidre spectra indicate to the habitats of herhacamdra
with shrubs or the forest-tundra, with a shallowtevgool in the vicinity. The sediments were fornggdbably
during the late Dryas / early Preboreal time.

2. Zone of the layer 170-160 cm deep reveals spawth of spruceRiceg and larch I(arix) pollen,
accompanied by decline of the role of birch shr#stsemisia ChenopodiaceaeSuch proportions evidence of
the climate turning warmer and more humid. Polleaks (maxima) of aquatic and waterside plant$ygha,
Potamogeton, Alisma, Nuphaas well as those of sedg&¥/peraceag different herbs, horse-tailEquisetum
indicate to starting overgrowth and paludificatiointhe water pool. This pollen zone might be rafdrto the
Preboreal second half.

3. Zone of the layer within 160-100 cmmibmstrated domination of birches and significantiepo
numbers of spruce, sedges and peat mosses. Thisaspge would reflect communities of open foresith
larch, birches and spruce, different herbs andsferrthe cover, and a sedge fen with peat mosssEmsnts
corresponding to pollen zone 3 probably had beendd during the Boreal time and the Atlanticum begig.

4. Zone within 100-20 cm deep is marked for maximapruce pollen values. Amount of shrub birches’
pollen falls; Common pinePinus sylvestrisand Siberian pinePinus sibiricd pollen have been revealed in
noticeable number. The picture corresponds to tgetation of taiga-type spruce forests with admextof
birches, Common and Siberian pines, rare — wit(Afiies sibiricd. Peat mossesSphagnumshow prevalence
on the bog. The zone corresponds to warm and miedieuanid conditions of the Atlantic second half,ieth
might also be confirmed by the findsldmusandTilia single grains.
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5. Zone of the upper 20 cm shows prevailing potiesinsof shrub birches, maximum amount of pine
pollen and significantly lower spruce numbers. Pladgtern should indicate to the colder and moreigental
climate conditions. The vegetation seems to belaind the north taiga type: forests of spruce, @mm and
Siberian pine with admixture birch. This part oapeeposit had been forming probably during the le/ipost-
Atlantic time. Peat formation at that interval tedslower and finally stopped at all.

DISCUSSION

C-14 dates obtained for the site Chernaya Gorker riéfe organogenic sediments within the limits of
9800-5500 **yrs BP. Peat formation started both in this site @rthe Pereval’ny Lake during the Boreal time,
about 9000 yrs BP. Peat formation in deposit atGherny Ruchey also started during the Boreal gdetiothe
peat bog at the Lyapin-river peat formation waststhsome earlier, during the Preboreal time (lzef000
years ago).

Peat accumulation was stopped everywhere probatthei Subboreal, due to cold conditions and fregzin
of peat-bogs, about 3400 years ago. Tree-ring r@@taled strong cold in the region at that timedidemirov,
Shiyatov, 1999]. At that time, the forest bordeeliin the Yamal peninsula was marked to retreatifgigntly
southwards, and in the Polar Urals taiga foreste weplaced by forest-tundra.

Process of peat formation seemed to be the miestsive during the Boreal and Atlantic times. Agofg
the observed pollen zones supplied with 14-C datelspresent peat depth allow estimation of peatraatation
rates. Thus the peat-bog Chernaya Gorka accumuatelb0 cm of peat during the interval 9000-60G0B/P.,
the rate making about 0.5 mm per year. In the pegtatthe Lyapin-river accumulated ca. 130 cm of peat
during the same interval, the rate making aboutthper year.

In the peat-bog at Cherny Ruchey, the deposit ab0wm thick had been formed between 5600 and
4500 years ago, that is, a bit over 0.5 mm per.yRaring the Post-Atlantic time (about 4500 yeamsd), the
peat-bog at Cherny Ruchey accumulated 60 cm pgaisdeand the site at the Pereval'ny Lake — natentban
30 cm, the corresponding accumulation rates mat@n@.13 mm and 0.07 mm per year.

To compare, the south-taiga peat-bogshen Middle Urals demonstrated (judging by the pager
thickness and 14-C-dates) peat accumulation rateteo Boreal and Atlantic intervals up to 0.5 mnaye
[Khotinsky, 1977] and 0.8 mm/year [Panova et @Q1. During the whole post-Atlanticum time, depiosi of
fuscum peat layers in those peat-bogs showed Onépen year, whereas layers of wood-cotton-grasagapimm
of higher density showed the values up to 0.24 ranypar.

One can see the rates of peat-bog vertitakiment to depend upon a series of factors. Yetnthin
determinative factor is ratio between the proces$eggetation mass production and decomposittous being
significantly dependent upon climate conditionanely heat / humidity ratio. The presented data st in
general, higher peat accumulation rates are regisia the Urals south taiga as compared to thoseiith taiga
and forest-tundra regions, especially during théokkne second half. The data also indicate muchmesar
climatic conditions of the Holocene first half ironthern regions nearly to those in the Urals midalleas.
However, increment values marked for the Holocesmoisd half differed significantly in the north asduth
taiga regions.

Peat increment values registered in Westrailakistinct botanical-geographical zones [Lisste&@a, 1978,
1980; Boch, Mazing, 1979; Novikov et al., 1999; d.ist al., 2001gtc] made the authors to conclude that
average rates of peat linear increment valuesltwvar northwards. Throughout the Holocene time, ighest
rate values were marked for sub-taiga bog systériisiim per year). In the sub-zone of north-taigandiorests
of West Siberia (Nadym-Pur interfluve area) hasnbeleserved the highest rate of peat accumulatiprtqul
mm/year) during the last 1000 year interval [Liggrezina, 1981]. Kuzmin [1999] presented even more
impressive values on the same time span of lafd §6ars for regions of Russia North-West (from G®7.14
mm per year).

In the site at the Cherny Ruchey, our pollen strglyealed good correlation to the analysis of plant
macrofossils [Koshkarova et al., 1999]. Thus, san@0-120 cm deep all evidenced of the vegetatoest
type, indicating to the warmer climate of the pdri®eeds and other macrofossils presented sparch, and
birch (sectBetuld remains in about equal proportions. The highestunt of spruce macrofossils was found at
the depths of 120-140 cm. Shrub birches and willawse not found. Pine seeds were marked in the Bge
100 cm deep, corresponding to the pine pollen aszean the sample 85 cm deep. The identified hariains
belonged mainly to bog-growing plants, includingpge now registered significantly farther southwaad,
Comarum palustre, Scheuchzeria palustssveralCarex speciesMenyanthes trifoliat, as well asEricaceae
low shrubsAndromeda polifolia, Empetrum nigrum, Chamaedaptatgculata, Ledunsp.

Sediments 40-60 cm deep missed spruce macrofaasilsthose of birches sedetulg only larch
remains were found, accompanied with numeeigila nanaandSalix remains. That is, carpological data also
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evidenced of cooled and probably dryer climate d¢ants, thinning of forest stands composed mairflyacch
trees in this time.

Spectrum of plant macrofossils collected from shenple 25-40 cm deep (spruce, larch, Common pine,

arboreal and shrub forms of birches) also revegtexti correlation to the pollen data. It is indingtto forest
communities of birches, larch and spruce with adunéxof the Common pine. Boreal species of sedgasek
diandra, C. vesicaripwere found, too. The author [Koshkarova, 199%jarded this Subboreal interval as a
“xerothermic” one. The pollen data do not evidentdryer conditions during this Subboreal warminterval.
On the contrary, the observed dominance of sprotierpgrains, increase of sedges and some mesopleilbs
(Polygonunbistorta type, Saguisorbasp.) would indicate to significant humidity. Thgsin conformity with the
results by L. Nikiforova [1982], who wrote that riégories of European north-east adjacent to theuPorals
during the Subboreal thermic maximum demonstréatedntost developed spruce forests witiiesandPinus
sibirica reaching up to the polar circle line.

Sample from the layer 0-25 cm deep contained omlgrofossils of larch (no other trees); prevailiegds
of dwarf birchesBetula nang and willows, fossils of green mossésjuisetum palustrecold-tolerant sedges as
Carex caespitosand Ericaceaelow shrubs Chamaedaphne calyculata, Ledwsp.) were marked, the data
indicating to cold conditions of larch forest-tuadiimilar to those of the present time.

Significant cold growth leading to forest degradatand gradual cessation of peat formation tookepla
probably in the Subboreal terminal. N. Khotinsky982] and L. Nikiforova [1982] referred the Subbdrea
thermal maximum to the interval from 4200 till 32@8ars ago. Tree-ring data from the Yamal peninsula

[Khantemirov, Shiyatov, 1999] marked drastic colttwrence about 3400 years ago. That is, the upgatr
layer of 25-30 cm was formed during the last 3tBdusand years.

Table 2.Holocene dynamics of nature environment in thePahd Pre-Polar Urals (by pollen data).

2) % !
).
Holocene Vegetation Climate
intervals Polar Urals Pre-Polar Urals Mire formation process | conditions
Prevalence of herbs Prevalence of herbs
Preboreal ) ) Cold water pools,
9 and bushes; and bushes; ;
800-9200 open forests of larch ar] open forests of larch overgrowth starting Cold
“Cyr BP P . P : ' (algae)
birches spruce and birches
Boreal Thinned forests of larcf ~ Park-type forests of|  Start of peat formation Warmer than
9200-8000 | and birches, with somd larch, spruce and (green and peat mosse modern tvpe
“Ccyr BP admixture of spruce birches sedges, horse-tails) yp
Atlanticum Taiga-type forests of S -rrféga;%&e;grﬁiig Most accumulation of pe{ Temperate
8000-4500 |spruce, with admixture girche,s larch. commol (sedges, horse-tails, peg warm and
“CyrBP birches and larch e S mosses) humid
pine, Siberian pine
Decrease of spruce,
Subboreal Open woodlands of larc| increase of common ar . .
4500 birch d iberi . inth Peat formation turns slow Arid and cold
14C yr BP irches and spruce | Siberian pines in the
forests
Subboreal/ ,
Subatlantic Forest-tundra with
After 3400 spruce, birches ang North taiga Freezing of peat-bogs Cold
1C yr BP larch

Larch pollen is known for its bad preservation édliments, thus even small amount of this polleingra
indicate to the fact that the trees actually grewhie region. Macrofossils evidence of the largdspnce in the
region during the Holocene all interval: in mid-idoéne forests it was registered together. On th&any, we
regard the Common pine pollen in the Polar Uralarasdventitious form. Increase of the pine pollambers
in the site upper layers might be regarded to tdsnin the expansion of the species range in Wéstria,;
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besides, vast open territories in the forest-tutaindscapes provided free transportation of the pwilen. Thus,
our opinion differs from that by V. Koshkarova, whonsidered her analysis of plant macrofossilstiicate
that the pine occupied the Polar Urals region dutire Boreal, Atlantic, and Subboreal periods efltolocene
time.

Our results revealed good correlation with the gatsented by T. Surova [Surova et al., 1975], loth
the obtained pollen diagrams and in interpretadibtne Holocene climate and vegetation changes.

As compared to the results presented by R. Feddd®b7] for some peat-bogs also in the Polar Urals
the latter reported of significantly higher propants of arboreal pollen grains in the spectra:aupd% of spruce
grains in the lower maximum, up to 80% of the comrmpine and 3% of broad-leaved pollésirius, Quercus,
Tilia, Corylug in the mid-period layers. Such distinctions irflgqo spectra structures, as well as the fact that
peat-bogs in the Man’ya-river terrace were overdappy 1 meter thick layer of mineral sedimentss@ifd and
loam) with upper modern soil cover, make us to psepof interglacial age of these peat-bogs.

The revealed dynamics of vegetation changes anceps of bog development in the Pre-Polar Urals
showed the pattern similar to those in the Polald)indicating to the influence of global climaticanges. The
main differences concern the earlier start of geanation and the spreading of spruce. Common pime
Siberian pine were shown to grow in forests of Rine-Polar Urals beginning from the Atlantic peri@ilir data
show that in Holocene these species of arboreata&gn did not reach areas of the Polar Uralss&lieatures
are due to latitudinal difference of the localitiesamined; the Holocene expansion of trees wastdule
northward along the eastern slope of the Ural nmainstandupward toward the hill slopes along the river
valleys.

CONCLUSION

The described general tendencies in the developofeforest and bog ecosystems and climatic changes
of the Holocene time in the regions are presemtddéd table 2.

In the Subarctic regions of the Polar and Pre-Pdtats at the beginning of the Holocene, after ntaim
ice melting, cold shallow oligotrophic water poblad been formed, surrounded by plant communitidsedbs
and bushes of the tundra-type.

After warming came in the Preboreal and Boreal tidegradation of permafrost lead to development of
plots of stagnant flooding, there began overgroavit paludification of water pools followed by the@ess of
peat formation. In the surrounding areas, willovd @hder shrubs increased in number and distributater
followed by trees: larches, birches, and there&iyespruce.

Spruce was present in the Pre-Polar Urals in teédPeal period. About 9000 years ago spruce reached
the Polar Urals (region of Pereval’ny Lake) and @000 years ago it appeared in the valley of sBaya
Paypudina river.

In the mid-Holocene time (8000-4500 years agog trhole region was occupied by the forests
dominated with spruce, in the Pre-Polar Urals th\admixture of Common and Siberian pingobably of the
middle-taiga and south-taiga types; process of jogatation developed the most intensively.

The colder climate of the Subboreal time causachihg of the forest stands, retreat of the spruce,
accompanied with wider expansion of Common and risibepines in the Pre-Polar Urals. Process of peat
formation was slowing down, and later on stoppedllafollowed with freezing of the peat-bogs dodmation
of frozen peat hummocks.

For more detailed reconstructions of the Holoceatine dynamics, further research is needed, using
numerous C-14 datings of the samples.
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