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Abstract. In this study a radiocarbon-dated pollen record
from Lake Kotokel (52◦47′ N, 108◦07′ E, 458 m a.s.l.) lo-
cated in southern Siberia east of Lake Baikal was used to
derive quantitative characteristics of regional vegetation and
climate from about 15 kyr BP (1 kyr=1000 cal. yr) until to-
day. Quantitative reconstruction of the late glacial vege-
tation and climate dynamics suggests that open steppe and
tundra communities predominated in the study area prior
to ca. 13.5 kyr BP and again during the Younger Dryas in-
terval, between 12.8 and 11.6 kyr BP. The pollen-based cli-
mate reconstruction suggests lower-than-present mean Jan-
uary (∼−38◦C) and July (∼12◦C) temperatures and annual
precipitation (∼270–300 mm) values during these time inter-
vals. Boreal woodland replaced the primarily open landscape
around Kotokel three times at about 14.8–14.7 kyr BP, dur-
ing the Allerød Interstadial between 13.3–12.8 kyr BP and
with the onset of the Holocene interglacial between 11.5
and 10.5 kyr BP, presumably in response to a noticeable in-
crease in precipitation, and in July and January temper-
atures. The maximal spread of the boreal forest (taiga)
communities in the region is associated with a warmer
and wetter-than-present climate (Tw∼17–18◦C, Tc∼−19◦C,
Pann∼500–550 mm) that occurred ca. 10.8–7.3 kyr BP. Dur-
ing this time interval woody vegetation covered more than
50% of the area within a 21×21 km window around the lake.
The pollen-based best modern analogue reconstruction sug-
gests a decrease in woody cover percentages and in all cli-
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matic variables about 7–6.5 kyr BP. Our results demonstrate
a gradual decrease in precipitation and mean January temper-
ature towards their present-day values in the region around
Lake Kotokel since that time.

1 Introduction

The Lake Baikal region of northern Eurasia (Fig. 1) has ex-
perienced a boom of palaeoenvironmental studies during the
past decade (e.g. Colman et al., 1996; BDP-Members, 1997,
1998, 2005; Grachev et al., 1997; Williams et al., 1997,
2001; Demske et al., 2005; Oberhänsli and Mackay, 2005;
Tarasov et al., 2007a and references therein). A rising inter-
est in Lake Baikal – the world’s largest, deepest and oldest
freshwater reservoir – is easy to understand. The lake bot-
tom sediments contain detailed and well-preserved palaeoen-
vironmental archives, which provide an excellent opportu-
nity for reconstructing the regional climate and environments
(e.g. Bezrukova 1999; Bezrukova et al., 2005; Horiuchi et
al., 2000; Khursevich et al., 2001; Prokopenko and Williams,
2004; Tarasov et al., 2005).

Objective reconstruction of the past climate is one of the
priority tasks for scientists working in the field of past global
changes and Earth’s system modelling (PAGES:http://www.
pages.unibe.ch/). Since the 1940s (e.g. Iversen, 1944) late
Quaternary pollen records from the lake sediments have be-
come a frequently used proxy providing palaeoclimatic in-
formation at local and large regional scales (e.g. Grichuk,
1969; Bartlein et al., 1984; Guiot et al., 1989; Nakagawa et
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al., 2002; Frenzel et al., 1992; Seppä and Birks, 2001, 2002;
Tarasov et al., 2007a and references therein).

Despite a relatively high number of late glacial and
Holocene pollen records generated for the Lake Baikal re-
gion, there have been very few attempts at their quan-
titative palaeoclimatic interpretation. The earlier pollen-
based climate reconstructions were either solely qualita-
tive (e.g. Khotinskii 1984; Bezrukova, 1999; Prentice and
Jolly, 2000; Demske et al., 2005) or concerned with the
“Holocene optimum” time slice (e.g. Frenzel et al., 1992;
Tarasov et al., 1999). For the first time Holocene changes
in annual precipitation (Pann), mean temperature of the
warmest (Tw) and coldest (Tc) month and moisture index (α)
were reconstructed from continuous and adequately dated
pollen records recovered from the underwater Buguldeika
site (Fig. 1) in the southern part of Lake Baikal (Tarasov et
al., 2007a). The latter results from Lake Baikal likely repre-
sent vegetation and climate dynamics in the relatively large
region. However, pollen records from different parts of the
lake and from surrounding coastal plains demonstrate spa-
tial variations in the vegetation dynamics within the Lake
Baikal region (e.g. Tarasov et al., 2002; Demske et al., 2005;
Bezrukova et al., 2005), highlighting the need for more re-
constructions from the region.

In this study we present the quantitative reconstruction of
the temperature and precipitation variables derived from the
Lake Kotokel pollen record collected in 2004 (Bezrukova et
al., 2008). The lake is situated at the eastern shore of Lake
Baikal (Fig. 1) and is representative for the middle part of the
Lake Baikal region. The reconstructed climate from about

15 kyr BP (1 kyr=1000 cal. yr) to present is compared with
the quantitative characteristics of vegetation around Kotokel,
including dominant biome scores and woody cover percent-
ages derived from the same pollen record. The regional envi-
ronmental dynamics is then discussed together with the oxy-
gen isotope records of the postglacial climate from the North
Atlantic and North Pacific regions.

2 Regional setting

Kotokel (458 m a.s.l.) is a fresh-water lake occupying the
western part of the intermountain depression located at the
eastern coast of Lake Baikal (Fig. 1). A low-elevated
mountain ridge (up to 729 m a.s.l.) separates the depres-
sion from Lake Baikal, and the Ulan-Burgasy Ridge (up to
2033 m a.s.l.) bounds it from the east (Galaziy, 1993). The
lake has an area of about 67 km2, a maximum length of about
15 km and maximum width of about 5 km. Its average water
depth is 5–6 m and its maximum depth is about 15 m (see
Tarasov et al., 1994 for more details and references).

The area has a continental climate with long cold win-
ters and relatively short cool summers and large seasonal
variations in temperature and precipitation (e.g. Alpat’ev et
al., 1976; Galaziy, 1993). Around Kotokel the mean Jan-
uary temperature is about−20◦C and decreases to below
−26◦C with increasing elevation. The mean July tempera-
ture is about 16◦C, and annual precipitation sums vary from
400 mm in the coastal zone to above 500 mm in the upper
elevation belt (Galaziy, 1993). Modern precipitation distri-
bution has a well-pronounced summer maximum. July and
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August are particularly wet. During these months westerly
winds dominating through the year become weak, and south-
eastern cyclones bring warm and wet Pacific air to the region
and cause heavy rainfalls at the eastern branch of the Polar
front (Bezrukova et al., 2008). The precipitation associated
with the Atlantic air masses brought by the westerly winds
is not abundant and mainly falls during autumn and spring.
Dry, cold and sunny weather typically occurs in winter, when
the whole region is controlled by the stationary Siberian An-
ticyclone.

Modern vegetation at the eastern coast of Lake Baikal
and around Kotokel is mainly composed of boreal conifer-
ous and deciduous forests. Swampy vegetation is common in
the Selenga River delta and south of Kotokel Lake. Forests
are composed ofPinus sylvestris(Scots pine),Larix sibir-
ica (Siberian larch) andBetula (birch) species, with some
admixture of Populus tremula(aspen) and shrubby alder
Alnus fruticosa(Galaziy, 1993). Taiga forests composed
of mainly boreal evergreen conifers (e.g.Pinus sibirica –
Siberian pine,Abies sibirica– Siberian fir andPicea obovata
– Siberian spruce) appear several kilometres eastward at the
slopes of the Ulan-Burgasy Ridge. In the upper mountain
belt open birch and larch forests coexist withPinus pumila
(shrubby pine) and alpine tundra vegetation (Molozhnikov,
1986; Galaziy, 1993).

3 Material and methods

3.1 Coring, core lithology and age determination

In the early 1960s the Lake Kotokel Holocene sediments
were first studied for pollen and non-pollen microfossils (Ko-
rde, 1968; Vipper and Smirnov, 1979; Tarasov et al., 1994).
In 1997 a near-shore Cheremushka peat bog was drilled
(Takahara et al., 2000). The KTK1 sediment core (52◦47′ N,
108◦07′ E) was recovered in July 2004 (Bezrukova et al.,
2008; Shichi et al., 2009). The coring was performed from
a water depth of about 3.5 m in the southern part of the lake
(Fig. 1C) using a Livingston piston core. A detailed pollen
analysis was performed on the upper 900 cm of the KTK1
core, composed of the soft brownish black gyttja (0–810 cm)
and slightly laminated gray clay (Bezrukova et al., 2008;
Shichi et al., 2009).

Three radiocarbon dates (6070±60, 10 680±40 and
11 670±60 14C yr BP) were obtained from the brownish
black gyttja unit (from 412–413 cm, 652–653 cm and 806–
807 cm depth, respectively, Fig. 2) using the AMS facility
at Nagoya University in Japan suggesting that the analysed
900 cm of sediments accumulated since about 15 kyr BP (see
Bezrukova et al., 2008; Shichi et al., 2009). Radiocarbon
years were converted to calendar years using the CalPal pro-
gram available online (Danzeglocke et al., 2008). The result-
ing age-depth model represents a linear regression, suggest-
ing a rather constant sedimentation rate of 0.59 mm/yr along

the profile, in line with the undisturbed character of the sedi-
ment. This model was applied to the KTK1 pollen record and
used to date reconstructed changes in vegetation and climate
discussed in the text.

3.2 Pollen analysis

The KTK1 core material stored at the Institute of Geochem-
istry (Irkutsk) was sampled there for pollen analysis. In total
128 samples were taken as 1 cm slices, yielding an average
temporal resolution of 118 years throughout the late glacial
and Holocene period. Standard laboratory methods were
used to extract pollen from the sediment samples, including
HCl and KOH treatments, heavy-liquid separation and subse-
quent acetolysis (Berglund and Ralska-Jasiewiczowa, 1986).
Pollen and spores mounted in glycerin were counted under
the light microscope with×400–1000 magnification. Iden-
tification of the pollen and spores was performed using re-
gional pollen atlases and the reference collection (Bezrukova
et al., 2008).

Samples were generally rich in pollen, and counting of 300
to 500 pollen grains per sample was easy to achieve (Fig. 2).
However, the pollen content was lower (176–240 grains per
sample) in the bottommost 3 samples. The quantitative cli-
mate reconstruction results from these samples need to be
taken with caution.

The percentage diagram presented in Fig. 2 shows results
of the pollen analysis from the KTK1 core. The diagram
was constructed using the Tilia/Tilia-Graph/TGView soft-
ware (Grimm, 1993, 2004). Percentages for individual ter-
restrial pollen taxa at each level were calculated from the
total sum of AP and terrestrial NAP taken as 100%. Spore
percentages for cryptogam plants were calculated in relation
to the total sum of counted pollen and spores. To facilitate
discussion of the pollen record, the pollen diagram was sub-
divided into local pollen zones (PZ) based on square-root-
transformation of the percentage data and stratigraphically
constrained cluster analysis by the method of incremental
sum of squares (Grimm, 1987).

3.3 Pollen-based vegetation and climate reconstruction

The quantitative method of biome reconstruction (Prentice et
al., 1996) adapted for reconstruction of vegetation in north-
ern Eurasia (Tarasov et al., 1998) allows the objective as-
signment of pollen taxa to plant functional types (PFTs) and
to biomes on the basis of the modern ecology, bioclimatic
tolerance and geographical distribution of pollen producing
plants. The method was successfully tested using an ex-
tensive surface pollen data set from northern Eurasia and
used to reconstruct Last Glacial Maximum (LGM) and mid-
Holocene vegetation at the hemispheric (e.g. Prentice and
Jolly, 2000) and large regional (e.g. Tarasov et al., 2000)
scales. In the Lake Baikal region the method was applied
to the Eemian pollen record from Continent (Tarasov et al.,
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Fig. 2. Simplified pollen percentage diagram of the KTK1 core from Lake Kotokel. Pollen analyst E. Bezrukova. The arrows mark
radiocarbon-dated gyttja levels: 6070±60 (Beta-207356, 412–413 cm), 10 720±40 (Beta-209 638, 652–653 cm) and 11 670±60 (Beta-
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2005) and to the Holocene record from Buguldeika (Tarasov
et al., 2007a). The modern analogue method and geograph-
ical distribution of the modern analogues withAlnus fruti-
cosapollen in Siberia were discussed in details by Tarasov
et al. (2005). In the present study all identified terrestrial
pollen taxa from the KTK1 record were assigned to the re-
gional PFTs and biomes using the biome-PFT-taxon matrix
published in the latter studies (see Tarasov et al., 2005, 2007a
for further details).

The “biomisation” provides no quantitative information
about vegetation composition or structure and can mask tem-
poral variations in the internal structure and composition
of biomes (Williams et al., 2004). To obtain this impor-
tant information from the fossil pollen record we used a
new approach for woody cover reconstruction (Tarasov et
al., 2007b). The method combines extensive modern sur-
face pollen and satellite-based Advanced Very High Reso-
lution Radiometer (AVHRR) datasets from northern Eura-
sia (DeFries et al., 1999; Tarasov et al., 2007b) with the
best modern analogue (BMA) approach (Overpeck et al.,
1985; Guiot, 1990), allowing fossil pollen samples to be

attributed to the vegetation characteristics associated with
their closest modern pollen analogues. In this study the
AVHRR-based estimates of woody cover percentages within
a 21×21 km window around pollen sampling sites were at-
tributed to the KTK1 pollen spectra (see Tarasov et al., 2007b
for the method evaluation and design).

The BMA approach is frequently employed to infer past
climates from fossil pollen assemblages (e.g. Guiot, 1990;
Nakagawa et al., 2002). Recently it was used for the Lake
Baikal region to reconstruct climate dynamics during the last
and the recent interglacial (Tarasov et al., 2005, 2007a). In
the present study we used the reference data set of 1173 mod-
ern pollen spectra from the large area of the former So-
viet Union and Mongolia with all main bioclimatic regions
well represented (see Tarasov et al., 2005 for details) to re-
construct changes in annual precipitation (Pann) and mean
temperatures in July (Tw) and January (Tc), respectively,
warmest and coldest months. All selected climatic variables
are important to explain the spatial distribution of the main
vegetation types in northern Eurasia and are commonly de-
rived from fossil records and simulated with climate models
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(e.g. Kageyama et al., 2001; Battarbee et al., 2004). All ter-
restrial pollen taxa identified in the KTK1 record also appear
in the list of 81 taxa presented in the reference pollen/climate
data set. Modern climate values at each of the 1173 modern
pollen sampling sites have been calculated from the high-
resolution global climatology database that provides the 30-
year average (1961–1990) of the monthly means of princi-
pal meteorological parameters on a 10 min grid (New et al.,
2002).

4 Results

4.1 KTK1 pollen record and vegetation dynamics

Complete results of the pollen analysis and reconstructed
vegetation and climate characteristics are available in the
PANGAEA data information system (www.pangaea.de).
The simplified pollen percentage diagram is shown in Fig. 2.

The results of the pollen analysis used in this study, including
conventional description of the pollen zones and their quali-
tative palaeoenvironmental interpretation, were presented by
Bezrukova et al. (2008). To avoid repetitions with the latter
publication, we concentrate in this chapter on the quantita-
tive interpretation of the KTK pollen data in terms of the late
glacial and Holocene vegetation (Fig. 3) and climate dynam-
ics (Fig. 4).

The pollen assemblages prior to 14.5 kyr BP (lower part
of PZ KTK1-5) are characterised by highest percentages of
herbaceous pollen taxa (e.g.Artemisia, Poaceae and Cyper-
aceae) and low percentages of tree pollen taxa (Fig. 2), point-
ing to an open character of vegetation around the lake. Pollen
of shrubby birches and willows is relatively abundant. Tun-
dra and steppe biomes have the highest scores (Fig. 3B),
suggesting that mainly these two vegetation types occupied
the region about 15–14.5 kyr BP (Fig. 3C). The BMA recon-
struction demonstrates very low woody cover percentages

www.clim-past.net/5/285/2009/ Clim. Past, 5, 285–295, 2009
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(Fig. 3D). However, woody cover rises to ca. 25% at one
level dated to ca. 14.7–14.8 kyr BP, which is characterised by
the relatively high amount of pine pollen.

Herbaceous pollen percentages decline and shrubby taxa
(e.g. birch, alder, willow and heath) predominate in the
pollen assemblages between 14.5 and 13.4 kyr BP (upper part
of PZ KTK1-5 and lower part of PZ KTK1-4). The biome
reconstruction demonstrates that the tundra scores became
higher than those of the steppe and taiga, suggesting reduc-
tion of the cold steppe communities and spread of the shrub
tundra communities in the region. Low amounts of arboreal
pollen (Fig. 2) and low woody cover percentages (less than
10%) suggest that the landscape was open and scarce boreal
trees could grow only in the locally favourable environments.

A sharp increase in spruce pollen percentages up to 54–
68% is the characteristic feature of the pollen assemblages
dated to ca. 13.3–12.8 kyr BP (middle part of PZ KTK1-
4). The biome reconstruction shows that numerical scores
of taiga biome become slightly higher than those of tun-
dra (Fig. 3B), suggesting that the vegetation around Kotokel
turned to boreal woodland or forest-steppe (Fig. 3C). Con-

sistently, vegetation cover reconstruction demonstrates an in-
crease in the total woody cover up to about 25% at that time
(Fig. 3D).

Pollen of shrub alder and birch shrubs (both taxa are rep-
resentative for the tundra and forest-tundra communities in
northern Eurasia, e.g. Prentice et al., 1996; Tarasov et al.,
1998, 2005) once more become a dominant component of the
pollen assemblages between ca. 12.7 and 11.5 kyr BP (upper
part of PZ KTK1-4 and lower part of PZ KTK1-3). This time
interval is also noticeable for highest scores of tundra biome.
However, numerical scores of taiga remain higher than those
of steppe in contrast to the time period prior to 14.5 kyr BP.
The reconstructed total woody cover is about 10%, suggest-
ing that forests still occupied a limited area in the region.

After ca. 11.5 kyr BP pollen of boreal trees predominate
in the pollen assemblages (Fig. 2). Results of the biome re-
construction demonstrate almost equally high scores for the
tundra and taiga biomes (Fig. 3B), suggesting boreal wood-
land vegetation between 11.5 and 10.5 kyr BP (upper part of
PZ KTK1-3). After about 10.5 kyr BP the taiga biome scores
are noticeably higher than the scores of non-arboreal biomes,
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suggesting well-established boreal forest vegetation in the re-
gion. The pollen data show that birch tree pollen was rela-
tively abundant in the pollen spectra between ca. 10.5 and
6.8 kyr BP (PZ KTK1-2) and that pine pollen went to first
place after that time (PZ KTK1-1). This change in the pollen
composition likely reflects change in the forest communities
around the lake and spread of Scots pine in the study region
after 7 kyr BP. The results of the vegetation cover reconstruc-
tion suggest that total woody cover increased to above 50%
after 10.5 kyr BP and decreased to its present-day level of
about 45% after 6.8 kyr BP.

4.2 Climate reconstruction

The results of the pollen-based quantitative climate re-
construction (Fig. 4A-C) suggest pronounced changes in
the main climatic variables during the late glacial and
Holocene, which can be summarised as follows. Prior to ca.
11.5 kyr BP climate conditions were rather unstable. The first
relatively warm episode (Tw∼13◦C, Tc∼−25◦C) occurred
about 14.5 kyr BP followed by the cold episode (Tw∼12◦C,
Tc∼−38◦C) centered on ca. 14 kyr BP. The reconstructed
precipitation sums were substantially lower than present
(e.g.Pann∼270 mm). The next warming occurred between
13.5 and 13 kyr BP. At that time bothTw and Tc reached
modern levels, butPannremained slightly lower than present,
e.g. ∼400 mm. The interval around 12.5–12 kyr BP was
characterised by significantly lower-than-present tempera-
tures and precipitation sums (e.g.Tw∼12◦C, Tc ∼−38◦C,
Pann∼300 mm). A shift towards warmer and wetter cli-
mate occurred after ca. 12 kyr BP. However, this gradual
trend was interrupted by a smaller scale cold and dry os-
cillation dated to ca. 11.1 kyr BP. The onset of a warmer
and wetter-than-present climate (Tw∼17–18◦C, Tc∼−19◦C,
Pann∼500–550 mm) occurred ca. 10.8–7.3 kyr BP. The cli-
mate reconstruction shows a decrease in all climatic variables
about 7–6.5 kyr BP (Fig. 4A–C). The climate reconstruc-
tion suggests a subsequent gradual decrease inTc, (Fig. 4C)
andPann(Fig. 4A) towards present-day values in the region
around Lake Kotokel. TheTw curve (Fig. 4B) does not show
any significant changes after ca. 6.5 kyr BP.

5 Discussion

The recent study on the KTK1 core provides clear evidence
for noticeable changes in the pollen assemblages and, thus,
in the pollen-producing vegetation communities around Lake
Kotokel during the late glacial and Holocene. The quantita-
tive interpretation of the regional vegetation history (Fig. 3B,
D) is in concordance with that based on the qualitative in-
terpretation of the pollen record (Fig. 2; Bezrukova et al.,
2008), but provides a more robust reconstruction of the re-
gional vegetation dynamics.

The biomisation approach (Prentice et al., 1996) does
not allow the reconstruction of transitional vegetation types
(e.g. forest-steppe and tundra-steppe); this missing informa-
tion can be obtained (Fig. 3C) by examining the relative val-
ues of the respective biome scores (e.g. Fig. 3B; Tarasov et
al., 2000). Additional information concerning the spread of
the woody vegetation communities is provided by the quan-
titative reconstruction of the vegetation cover (Fig. 3D). Our
reconstruction supports the earlier idea (e.g. Grichuk, 1984;
Tarasov et al., 2007b; Bezrukova et al., 2008) that the late
glacial landscape in southern Siberia – although dominated
by the cold and drought resistant steppe and tundra commu-
nities (e.g. up to 95% of the total vegetation cover) – was
not completely free of boreal coniferous and deciduous trees.
Recorded peaks in the arboreal pollen percentages (Fig. 2)
and corresponding peaks in the taiga biome scores (Fig. 3B)
and in the woody cover percentages (Fig. 3D) suggest that
trees could quickly spread out of their glacial refugia, occu-
pying up to ca. 25% of the area within the 21 km window
at least two times during the late glacial interval, e.g. 14.8–
14.7 kyr and 13.3–12.8 kyr BP. The latter afforestation phase
around Kotokel falls within the Allerød (AL) Interstadial in
line with other palaeobotanical records from northern Asia
(see Andreev and Tarasov, 2007 for the overview) and from
the Lake Baikal region (e.g. Demske et al., 2005; Bezrukova
et al., 2008; Shichi et al., 2009). According to the applied age
model the earlier short-term afforestation episode might be
an analogue of the European Meiendorf or Bølling (e.g. Fren-
zel et al., 1992) in the middle Lake Baikal region. However,
a more definitive conclusion cannot be adequately proved be-
cause of the uncertainty in the age model, which is based on
extrapolation below the 13.6 kyr BP level. An attribution of
the reconstructed increase in the woody cover around Ko-
tokel about 14.8–14.7 kyr BP to the Meiendorf raises further
question concerning the occurrence of the Bølling (BO) In-
terstadial in the region. The earlier publications presenting
postglacial pollen records from the Lake Baikal region usu-
ally do not separate Bølling from Allerød (e.g. Bezrukova
et al., 2005; Demske et al., 2005). The KTK1 pollen dia-
gram (Fig. 2; Bezrukova et al., 2008) also does not provide
clear evidence for their separation. The quantitative transfor-
mation of the pollen percentages using the AVHRR-pollen-
based approach suggests a slight increase in the woody cover
percentages about 14 kyr BP (Fig. 3D). The accuracy of the
method tested with the pollen-based modern tree cover re-
constructions and original AVHRR-based estimates match
well in Siberia (Tarasov et al., 2007b), providing satisfac-
tory estimates of percent variance explained and RMSE for
both total woody cover (r2=0.77, RMSE=11.69) and differ-
ent woody-cover fractions, including broadleaved (r2=0.66,
RMSE=3.31) and needleleaved (r2=0.79, RMSE=10.23) tree
cover. However, the error bars are still relatively large to dis-
cuss such minor fluctuations in the vegetation cover.

The Younger Dryas (YD) Stadial is well recognised
in the diatom and sedimentary records from Lake Baikal
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(e.g. Prokopenko et al., 1999; Morley et al., 2005). How-
ever, to date the pollen-based studies from the region have
reported rather weak YD signals, suggesting that the YD
cooling had little effect on regional vegetation and thus on
the pollen assemblages (e.g. Bezrukova et al., 2005; Demske
et al., 2005; Shichi et al., 2009). In the KTK1 pollen and
vegetation records the YD event is well defined. Both the
significant decrease in the woody cover percentages from ca.
25% during AL to below 10% around 12.4 kyr BP and the
replacement of boreal woodland by shrubby tundra commu-
nities help to place this event within the ca. 12.8–11.6 kyr BP
interval. Our reconstruction results also suggest that deterio-
ration of the regional climate during YD was less pronounced
in the vegetation records than during the earlier late glacial
interval.

The onset of the Holocene interglacial conditions is
marked in the KTK1 record by the increase in arboreal pollen
percentages, return to boreal woodland vegetation and in-
crease in woody cover to above 25% at 11.5 kyr BP. After
that time boreal forest became a major feature of the land-
scape around Kotokel. However, it took about 1 kyr until for-
est coverage in the area reached a maximum (above 50%) be-
tween 10.5 and 7.5 kyr BP. Our pollen record shows a sharp
increase inPinus-sylvestristype percentages (8–32%) be-
tween 7.4 and 6.7 kyr BP, reflecting the spread of Scots pine
in the region after 7 kyr BP. This feature is in good agree-
ment with other pollen records from the Lake Baikal region
and from the broader areas of Siberia (e.g. MacDonald et
al., 2000; Bezrukova et al., 2005; Demske et al., 2005; An-
dreev and Tarasov, 2007). The reconstructed 10% decrease in
woody cover percentages dated to ca. 7–6.5 kyr BP, indicat-
ing that the vegetation cover became similar to that observed
today, can be explained by the partial degradation of the birch
forest around Kotokel suggested by the KTK1 pollen record.

Our results point to distinct vegetation and environmen-
tal changes around Lake Kotokel since ca. 15 kyr BP, which
can be related to the regional and global climate dynamics
(Fig. 4). The first major spread of the boreal forest vegetation
in the region at ca. 13.5 kyr BP was characterised by signif-
icant climate amelioration (e.g. increase inTw, Tc andPann)

associated with the BO/AL Interstadial (Fig. 4E). Similar
changes in temperature and precipitation values were derived
from the Buguldeika pollen record from southern Baikal
(Tarasov et al., 2007a). However, already at ca. 12.5 kyr BP
the BMA reconstruction suggests a decrease inTw andTc

and inPann down to the pre-interstadial values (Fig. 4A–C)
(Tarasov et al., 2007a; this study). This major climate dete-
rioration is in line with the reconstructed shift in vegetation
from boreal woodland to much more open tundra landscape.
The cold and dry climate oscillation derived from the KTK1
pollen record is roughly synchronous with the YD Stadial
seen in the oxygen isotope records from Greenland (e.g. Stu-
iver et al., 1995; Fig. 4E) and from China (e.g. Yuan et al.,
2004; Fig. 4D).

The onset of a relatively warm and wet climate occurred
after ca. 11.6 kyr BP, suggesting the start of Holocene inter-
glacial conditions in line with the isotope records, indicating
warming in the North Atlantic region and strengthening of
the East Asian monsoon (Fig. 4). The most favourable con-
ditions for the taiga growing withTw∼17–18◦C, Tc∼−19◦C
andPann∼500–550 mm occurred ca. 10.8–7.3 kyr BP. In the
Buguldeika record west of Kotokel the onset of the opti-
mal conditions (e.g.Tw∼16◦C, Tc∼−21◦C, Pann∼480 mm)
is reconstructed for the 9–7 kyr BP interval, i.e. 1.8 kyr later
(Tarasov et al., 2007a). Further investigation is required
to establish whether this delay in the onset of the recon-
structed “climatic optimum” represents local phenomena or
spatial variations in the regional climate or whether the re-
sults are influenced by other (non-climatic) factors, such as
problems with the dating of the Baikal bottom sediments
(e.g. Colman et al., 1996) and under-representation of some
widely distributed woody taxa (e.g. larch) more pronounced
in the pollen assemblages of the sediment cores recovered
from larger lake. However, results of the recent study are
consistent with the results derived from the Continent and
Buguldeika pollen records (Fig. 1), suggesting that the most
favourable climate conditions are typical for the first half of
the Holocene, as well as the Eemian Interglacial.

About 7–6.5 kyr BP the climate reconstructions from the
KTK1 and Buguldeika records demonstrate a decrease in
temperature and precipitation in both records, but more pro-
nounced in the Buguldeika record (Tarasov et al., 2007a).
The reconstructed drop inTc, and Pann values is particu-
larly important for discussion of the regional changes in the
vegetation cover (e.g. Demske et al., 2005; Shichi et al.,
2009; Fig. 3 in this study). Comparison of the precipita-
tion curve (Fig. 4A) derived from the KTK1 record with the
δ18O data from the Dongge cave (Fig. 4D) demonstrates sim-
ilarity between the two records, suggesting that in the Lake
Baikal region the Holocene precipitation and tree-cover dy-
namics may be linked to shifts in intensity of the Pacific
monsoon. The Holocene changes in the thermal parame-
ters derived from the KTK1 pollen assemblages are in agree-
ment with theδ18O data from Greenland. The late Holocene
cooling trend, a characteristic feature of the Northern Hemi-
sphere and particularly of the North Atlantic region (Wan-
ner et al., 2008), is especially pronounced in the winter tem-
perature curve. The KTK1 pollen data and pollen-based
vegetation and climate reconstructions are available in the
PANGAEA data information systemhttp://doi.pangaea.de/
10.1594/PANGAEA.718105.
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and Holocene vegetation and regional climate variability ev-
idenced in high-resolution pollen records from Lake Baikal,
Global Planet. Change, 46, 255–279, 2005.

Frenzel, B., Pecsi, B., and Velichko, A. A.: Atlas of Palaeoclimates
and Palaeoenvironments of the Northern Hemisphere, Late Pleis-
tocene – Holocene, Hungarian Academy of Sciences, Budapest,
Gustav Fisher Verlag, Stuttgart, 146 pp., 1992.

Galaziy, G. I.: Baikal Atlas. Federal Agency for Geodesy and Car-
tography of Russia, Moscow, 160 pp., 1993 (in Russian).

Grachev, M. A., Vorobyova, S. S., Khlystov, O. M., Bezrukova, E.
V., Weinberg, E. V., Goldberg, E. L., Granina, L. Z., Kornakova,
E. G., Lazo, F. I., Levina, O. V., Letunova, P. P., Otinov, P. V.,
Pirog, V. V., Fedotov, A. P., Yaskevich, S. A., Bobrov, V. A.,
Sukhorukov, F. V., Rezchikov, V. I., Fedorin, M. A., Zolotarev,
K. V., and Kravchinsky, V. A.: Signal of the paleoclimates of
Upper Pleistocene in the sediments of Lake Baikal, Russ. Geol.
Geophys., 38, 957–980, 1997.

Grichuk, V. P.: An experiment in reconstructing some characteris-
tics of climate in the Northern Hemisphere during the Atlantic
Period of Holocene, in: Holocene, edited by: Neustadt, M. I.,
Nauka, Moscow, 41–57, 1969 (in Russian with English abstract).

Grichuk, V. P.: Late Pleistocene vegetation history, in: Late Quater-
nary environments of the Soviet Union, edited by: Velichko, A.
A., University of Minnesota Press, Minneapolis, USA, 155–178,
1984.

Grimm, E. C.: TILIA 2.0 Version b.4 (Computer Software), Illi-
nois State Museum, Research and Collections Center, Spring-
field, 1993.

Grimm, E. C.: CONISS: A FORTRAN 77 program for stratigraph-
ically constrained cluster analysis by the methods of incremental
sum of squares, Comput. Geosci., 13, 13–15, 1987.

Grimm, E. C.: TGView, Illinois State Museum, Research and Col-
lections Center, Springfield, 2004.

Guiot, J.: Methodology of the last climatic cycle reconstruction
from pollen data, Palaeogeogr. Palaeocl., 80, 49–69, 1990.

Guiot, J., Pons, A., de Beaulieu, J.-L., and Reille, M.: A 140 000-
year climatic reconstruction from two European pollen records,
Nature, 338, 309–313, 1989.

Horiuchi, K., Minoura, K., Hoshino, K., Oda, T., Nakamura, T., and

www.clim-past.net/5/285/2009/ Clim. Past, 5, 285–295, 2009

http://www.calpal-online.de


294 P. E. Tarasov et al.: Vegetation and climate in southern Siberia since 15 kyr BP

Kawai, T.: Palaeoenvironmental history of Lake Baikal during
the last 23000 years, Palaeogeogr. Palaeocl., 157, 95–108, 2000.

Iversen, J.: Viscum, Hedera and Ilex as climatic indicators. A con-
tribution to the study of pastglacial temperature climate, Geol.
Foeren. Foerhandl., 66, 463–483, 1944.

Kageyama, M., Peyron, O., Pinot, S., Tarasov, P., Guiot, J., Jous-
saume, S., Ramstein, G., and PMIP participating groups: The
Last Glacial Maximum climate over Europe and western Siberia,
a PMIP comparison between models and data, Clim. Dynam.,
17, 23–43, 2001.

Khotinskii, N. A.: Holocene climatic changes, in: Late Quaternary
Environments of the Soviet Union, edited by: Velichko, A. A.,
University of Minnesota Press, Minneapolis, 305–312, 1984.

Khursevich, G. K., Karabanov, E. B., Prokopenko, A. A., Williams,
D. F., Kuzmin, M. I., Fedenya, S. A., and Gvozdkov, A. A.: Inso-
lation regime in Siberia as a major factor controlling diatom pro-
duction in Lake Baikal during the past 800 000 years, Quatern.
Int., 90–91, 47–58, 2001.

Korde, N. V.: Bottom-sediments biostratigraphy of the Kotokel
Lake, in: Mezozoiskie i kainozoiskie ozera Sibiri, Nauka,
Moscow, 150–170, 1968 (in Russian).

MacDonald, G. M., Velichko, A. A., Kremenetski, C. V., Borisova,
O. K., Goleva, A. A., Andreev, A. A., Cwynar, L. C., Riding, R.
T., Forman, S. L., Edwards, T. W. D., Aravena, R., Hammarlund,
D., Szeicz, J. M., and Gattaulin, V. N.: Holocene treeline history
and climate change across northern Eurasia, Quaternary Res., 53,
302–311, 2000.

Molozhnikov, V. N.: Rastitel’nye soobshchestva Pribaikal’ya,
Nauka, Novosibirsk, 271 pp., 1986 (in Russian).

Morley, D. W., Leng, M. J., Mackay, A. W., and Sloane, H. J.:
Late glacial and Holocene environmental change in the Lake
Baikal region documented by oxygen isotopes from diatom sil-
ica, Global Planet. Change, 46, 221–233, 2005.

Nakagawa, T., Tarasov, P., Kotoba, N., Gotanda, K., and Yasuda, Y.:
Quantitative pollen-based climate reconstruction in Japan: appli-
cation to surface and late Quaternary spectra, Quaternary Sci.
Rev., 21, 2099–2113, 2002.

New, M., Lister, D., Hulme, M., and Makin, I.: A high-resolution
data set of surface climate over global land areas, Clim. Res., 21,
1–25, 2002.
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