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Abstract
A continuous lacustrine sequence from the western part of Lama Lake (69 320 N, 90 120 E), complemented by a peat sequence from
the lake catchment provides the ﬁrst detailed environmental reconstruction for the Late Glacial and Holocene on the Taymyr
Peninsula. Scarce steppe-like communities with Artemisia, Poaceae, and Cyperaceae dominated during the Late Glacial. Tundra-like
communities with Betula nana, Dryas, and Salix grew on more mesic sites. There are distinct climatic signals, which may be correlated
with the B^lling and Aller^d warming and Middle and Younger Dryas cooling. The Late Glacial/Preboreal transition, at about
10,000 14C yr BP, was characterized by changes from predominantly open herb communities to shrub tundra ones. Larch forest might
have been established as early as 9700–9600 14C yr BP, whilst shrub alder came to the area ca 9500–9400 14C yr BP, and spruce did
not reach area before ca 9200 14C yr BP. Spruce-larch forests with shrub alder and tree birch dominated the vegetation around the
Lama Lake from ca 9000 14C yr BP. Dwarf birch communities were also broadly distributed. The role of spruce in the forest gradually
decreased after 4500 14C yr BP. The vegetation cover in the Lama Lake area became similar to the modern larch-spruce forest ca 2500
14
C yr BP. A pollen-based biome reconstruction supports a quantitative interpretation of the pollen spectra. Climate reconstructions
obtained with information-statistical and plan-functional-type methods show very similar trends in reconstructed July temperature
since ca 12,300 14C yr BP, while precipitation anomalies are less coherent, especially during the Late Glacial–Holocene transition.
r 2004 Elsevier Ltd and INQUA. All rights reserved.

1. Introduction
Arctic regions are highly sensitive to changes in
temperature and precipitation, and their Late Quaternary environmental history is very important for understanding present and past climate trends. The Taymyr
Peninsula (Fig. 1), in particularly, its western part,
situated in a transition zone between the more Atlanticinﬂuenced West Siberia and the more continental East
Siberia, is a region sensitive to climate ﬂuctuations.
Thus, this area is probably one of the most promising
regions for the reconstruction of the Late Quaternary
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environment in dependence on changes in global and
regional climate and the atmospheric circulation.
The Late Quaternary history of the Taymyr Peninsula
has been the subject of speculative debate, mostly due
to the lack of empirical data. Grosswald (1998)
proposed that a huge Ice Sheet covered the area during
the Late Weichselian. Although ﬁeld data indicate that
the glaciation was restricted to mountain areas on the
Taymyr Peninsula (e.g. Isaeva, 1984; Faustova and
.
Velichko, 1992; Moller
et al., 1999), a number of climate
models (e.g. Kutzbach et al., 1993; Joussaume, 1999)
have assumed that northern Siberian plains were
glaciated during the Last Glacial Maximum (LGM: ca
18,000 14C yr BP). As a result, the simulated LGM
climate and circulation pattern of the Siberian Arctic are
unrealistic (Tarasov et al., 1999b; Felzer, 2001).
A multidisciplinary German–Russian research project
‘‘Taymyr’’ was established in 1993 in order to improve
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Fig. 1. (A) Maps of the Arctic, (B) the Taymyr-Severnaya Zemlya region, and (C) the western part of Lama Lake area with locations of the
investigated sites.
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the knowledge about the Late Quaternary of the region
(Melles et al., 1996). Pollen studies of lacustrine and
terrestrial sequences were carried out at a number of
sites along a transect from the vicinity of Norilsk to
the October Revolution Island on Severnaya Zemlya
(Hahne and Melles, 1997, 1999; Kienel et al., 1999;
Siegert et al., 1999; Andreev et al., 2002).
The important information about long-term vegetation and climate changes on the Taymyr Peninsula
comes from the continuous sediment core from Lama
Lake (PG1111). Hahne and Melles (1997, 1999)
provided an initial reconstruction of the vegetation
and climate history since the Late Glacial from this core.
High-resolution diatom, sedimentological, geochemical
and rock magnetic analyses were also performed
(Kienel, 1999; Hagedorn et al., 1999; Harwart et al.,
1999; Nowaczyk et al., 2000). However, the value of
these comprehensive multi-proxy investigations was
lowered by absence of any reliable radiocarbon dates.
This paper presents qualitative and quantitative
reconstructions of vegetation and climate in the Lama
Lake area since ca 18,000 14C yr BP, based on the new
interpretation of a recently completed pollen record
from the core PG1111 and a nearby situated peat
sequence. The chronology is established from recently
obtained AMS 14C dates and correlation to regional
pollen records (Kul’tina et al., 1974; Nikol’skaya, 1980,
1982; Belorusova et al., 1987; Clayden et al., 1997;
Andreev and Klimanov, 2000; Andreev et al., 2002).
The so-called information-statistical (IS) method
(Klimanov, 1976, 1984) has been used to reconstruct
Late Glacial and Holocene climate at dozens of sites
across the former USSR (e.g. Frenzel et al., 1992;
Velichko et al., 1997). The recently developed plantfunctional-type (PFT) method (Peyron et al., 1998) was
successfully used to reconstruct LGM and mid-Holocene
climates in northern Eurasia (Tarasov et al., 1999a, b).
However, the results of climate reconstructions performed by the IS and PFT methods have not yet been
directly compared. This is done for the ﬁrst time with the
pollen record from Lama Lake, discussed here. Moreover, this is the ﬁrst time that the PFT method is used to
reconstruct climate from the whole pollen sequence.

2. Study area
2.1. Geology and geography
Lama Lake is located at an altitude of 53 m a.s.l. in an
east–west extending valley at the western margin of the
Putorana Plateau (Fig. 1). The lake covers an area of
466 km2 and has a maximal length of 82 km and width
of 13 km with a maximum depth of 254 m. The
mountains surrounding Lama Lake have steep slopes
and reach altitudes of up to 1200 m. The geological
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structure of the plateau is characterized by late
Paleozoic to early Mesozoic continental basalt overlying
Cambrian to Upper Permian marine carbonates, evaporites and continental sediments of the Tunguska
Syncline (Galaziy and Parmuzin, 1981).
Tectonic movements, sediment erosion by glaciers
and rivers, and temporary damming by moraines have
formed the lake basin (Demidyuk and Kondrat’eva,
1989). There are two lake terraces, consisting of sandy,
silty, and clayey deposits: the so-called Arylakhskaya
(ca. 60 m high) and Ayaklinskaya (ca. 82 m high) lake
terraces (Galaziy and Parmuzin, 1981). The terraces are
partly covered by peatlands. Freezing of the peat
deposits has formed numerous pingos, one of which
on the surface of the second (Ayaklinskaya) lake terrace
was sampled for this study.
The permafrost in the region is up to 700 m thick
(Galaziy and Parmuzin, 1981). Hydrothermal activity
following the uplift of the Putorana Plateau forms an
exceptionally warm and wet microclimate in the Lama
Lake catchment, leading to a lower thickness of
permafrost (up to 100 m) around the lake.
The area is characterized by a continental climate with
long, severe winters, and short summers. The modern
temperatures are about 10–14 C in July, 32 to 34 C
in January. Annual precipitation ranges from about 300–
400 mm at low elevations to about 600–800 mm on the
western slopes of the Putorana Plateau (Atlas Arktiki,
1985). The frost-free period is ca. 35 days.
The vegetation cover varies in dependence on altitude.
Dense taiga with spruce (Picea obovata), larch (Larix
czekanovskii, rarer L. sibirica), and birch (Betula
pubescens) grows up to 200–400 m a.s.l. (Galaziy and
Parmuzin, 1981). Shrubs, including dwarf birch (Betula
nana), shrub alder (Alnus fruticosa), juniper (Juniperus
communis), and willow (Salix) are also typical in the
vegetation. Only larches form open forest near tree line
boundary. Where larch forest disappears, it is replaced
by herb and shrub dominated tundra. Dwarf shrubs
include Betula nana, Vaccinium vitis-idea, V. uliginosum,
Empetrum hermaphroditum. Juniper (Juniperus sibirica)
grows on rock placers. Carex ssp. and Eriophorum
vaginatum characterize wetter sites. Typical steppe
species (Thymus reverdattoanus, Dracocephalon nutans,
Festuca altaica) have also been recorded on south-facing
slopes. On the high elevation slopes mountain and rock
debris tundra vegetation with Dryas punctata, Potentila
nivalis, Salix polaris is widespread.

3. Methods
3.1. Sampling, radiocarbon dating and pollen analysis
The investigated PG1111 core was collected in the
western part of Lama Lake (69 320 N, 90 120 E) from a
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water depth of 52.2 m, ca. 4.5 km from the Mikchangda
River delta on the northern shore of lake (Fig. 1).
Coring was carried out from a ﬂoating platform in the
summer of 1993. A gravity corer was used to recover
the uppermost sediments, while the lower sediments
were recovered with a piston corer (Melles et al., 1994).
The peat proﬁle is situated at 77 m a.s.l., ca. 0.8 km
from the northern shore of Lama Lake and 1.4 km from
the Mikchangda River (Fig. 1). Samples were collected
from the cleaned section in 20–30 cm interval during
ﬁeld work by the Geology Department of Moscow State
University in 1997.
Different types of organic matter (chemically enriched
pollen, humic acids, total organic carbon, manually
selected pollen, and microfossils) were used for 14C
dating by AMS.
The PG1111 core was sampled in 10 cm interval for
pollen analysis in the laboratory. Pollen samples were
prepared using standard techniques (Faegri and Iversen,
1989). For the samples below 760 cm, only 100–150
pollen grains were counted due to very low pollen
concentrations. For the upper part of the core 400–500
pollen grains were counted, with spores tallied in
addition. The frequency of the pollen taxa is calculated
based upon the sum of terrestrial pollen taxa. Calculation of spore percentages was based upon the sum
of pollen and spores. The relative abundances of
re-deposited taxa are based upon a sum of pollen and
re-deposited taxa, and the percentage of algae—upon
the sum of pollen and algae (Berglund and RalskaJasiewiczowa, 1986).
3.2. Biome reconstruction method
The biome reconstruction method (Prentice et al.,
1996) was used for the quantitative interpretation of the
vegetation history. The method attributes pollen taxa to
broad classes of plants (plant functional types, PFT),
and then to main vegetation types (biomes). An assignment of pollen taxa from the northern Eurasia to PFTs
and biomes has been presented (Tarasov et al., 1998,
1999b). Table 1 summarizes their results in a way

suitable for the calculation of Central Siberia biome
scores. Relative abundances of pollen taxa have been
calculated in the same way as for the pollen diagrams.
The biome afﬁnity scores have been calculated using
the PPPBASE software (Guiot and Goeury, 1996)
with
following equation (Prentice et al., 1996): Aik ¼
pﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
P the
d
fmax½0;
ðpjk  yj Þ g; where Aik is the afﬁnity
ij
j
of pollen sample k for biome i; summation is over all
taxa j; dij is the entry in the biome versus taxon matrix
for biome i and taxon j; pjk are the pollen percentages,
and yj is an universal threshold pollen percentage
of 0.5%.
The biome with the highest score or, when several
biomes had the same score, the one deﬁned by a smaller
number of taxa/PFTs, was then assigned to the given
pollen spectrum, allowing the reconstruction of the
temporal changes in the biome distribution around
Lama Lake. Furthermore, the known bioclimatic limits
of modern plant growth used in the BIOME1 model
(Prentice et al., 1992) provide another way to interpret
reconstructed changes in terms of climate.
3.3. Climate reconstruction methods
The IS method is one of the two methods chosen to
reconstruct climate from the Lama fossil pollen spectra.
The method establishes transfer functions between the
surface pollen spectra and modern climate at the
sampling sites. Percentages of arboreal and nonarboreal pollen and spore and abundances of most
common tree and shrub taxa are taken in to consideration. More than 800 recent pollen spectra from 220 sites
across the former USSR were used to work out the
technique (Klimanov, 1976, 1984). Modern climate
variables were taken from the Klimaticheskiy Atlas
SSSR (1960). Climatic variables used in the reconstructions comprise mean annual (Tyr ), January (TI ), and
July (TVII ) temperatures and mean annual precipitation
(P). A statistical treatment of the modern pollen and
climate data resulted in the preparation of tables,
revealed the correlation between pollen data and the
climatic variables (Klimanov, 1976, 1984).

Table 1
Assignment of pollen taxa to Central Siberia biomes, as used for the calculation of biome scores, according to Tarasov et al. (1998, 1999b)
Biome

Pollen taxa included

Tundra

Alnus fruticosa-type, Betula nana-type, Draba, Dryas, Gentianaceae, Saxifragaceae, Ericales, Cyperaceae, Poaceae, Rubus
chamaemorus, Betula undif., Alnus undif., Salix
Betula sect. Albae, Larix, Alnus glutinosa-type, A. incana-type, Populus, Pinus subgenus Haploxylon, Juniperus,
Pinus subgenus Diploxylon, Rubus chamaemorus, Betula undif., Alnus undif., Salix
Abies, Picea, Betula sect. Albae, Larix, Alnus glutinosa-type, A. incana-type, Populus, Pinus subgenus Haploxylon,
Juniperus, Pinus subgenus Diploxylon, Rubus chamaemorus, Betula undif., Ericales, Alnus undif., Salix
Allium, Apiaceae, Armeria, Asteraceae subf. Asteroideae, Asteraceae subf. Cichorioideae, Boraginaceae, Brassicaceae,
Crassulaceae, Campanulaceae, Cannabis, Caryophyllaceae, Centaurea, Dipsacaceae, Echium, Euphorbiaceae, Fabaceae,
Hippophae, Polygonaceae, Filipendula, Galium, Helianthemum, Lamiaceae, Plantago undif., Plumbaginaceae,
Ranunculaceae, Rosaceae, Rubiaceae, Scrophulariaceae, Artemisia, Chenopodiaceae, Poaceae

Cold deciduous
forest
Taiga
Steppe
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The PFT method (Peyron et al., 1998) is based on the
biomization concept of Prentice et al. (1996) already
used for the reconstruction of vegetation in northern
Eurasia (Tarasov et al., 1998, 2000). The method uses
PFT scores instead of the pollen taxa abundances,
following the hypothesis (Prentice et al., 1992) that
groups of taxa have a better-deﬁned response to climate
than individual taxa, whose responses to climate change
may be obscured by competition and migration processes.
A set of 1245 surface pollen spectra, covering northern Eurasia and western North America (Tarasov et al.,
1999a, b) has used to establish the relationships between
the numerical PFT scores and six modern climate
variables at the sampling sites. Assignments of pollen
taxa, used for the calculation of PFT scores are present
in Table 2. Some taxa can be present in more than one
PFT, creating a technical problem for the calculation of
the PFT scores. To overcome this problem, Peyron et al.
(1998) have suggested the so-called virtual PFT, deﬁned
as a group of the PFTs to which an ambiguous taxon
belongs. Virtual PFTs are shown in the code column of
Table 2 with a slash between the basic PFTs. The PFT
scores have been calculated in the same way as the
biome scores. The modern climate at sampling sites was
calculated using the PPPBASE software (Guiot and
Goeury, 1996) and the climate database (Leemans and
Cramer, 1991). An artiﬁcial neural network technique,
included in the PPPBASE software, helps to calibrate
PFT scores from the modern pollen spectra in terms of
the analyzed climatic parameters (Tarasov et al.,
1999a, b). The obtained transfer function was applied
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to the PFT scores calculated for the PG1111 core pollen
spectra to reconstruct climate.
The reconstruction error by the IS method is 70.6 C
for Tyr and TVII ; 71.0 C for TI and 725 mm for Pyr
(Klimanov, 1976, 1984). However, Peyron et al. (2000)
shows that statistical methods applied to pollen often
underestimate the error bars for the reconstructed
variables. In contrast, the error bars obtained with the
PFT method are often large. A comparison of climate
variables inferred from surface pollen by the PFT
method with actual climate demonstrates the sufﬁciently
good correlation: 0.93 for TVII and 0.7 for Pyr (Tarasov
et al., 1999a). Error bars for the reconstructed LGM and
mid-Holocene climate anomalies in northern Eurasia
are different in terms of conﬁdence level. For example,
error bars of reconstructed TVII anomalies vary between
1 and +0.9 C at 75% level of conﬁdence and between
2.5 and +2.6 C at 95% of conﬁdence levels (Tarasov
et al., 1999a, b).
The IS method uses mainly arboreal pollen and thus
is more applicable in forested areas and less in
transitional (e.g. forest-tundra) ones. Reconstructions
in the treeless areas and time intervals (e.g. LGM) are
not very reliable. This statement was checked with the
surface spectra from the northern taiga (Lama Lake),
shrubby tundra (Labaz Lake) and typical tundra
(Levinson-Lessing Lake). The IS method provides
reliable TVII and Pyr reconstruction in taiga, but
reconstructed TVII in tundra is much warmer than the
actual values (Table 3). The PFT climate reconstructions
(this method takes into account arboreal as well as nonarboreal pollen and thus is more appropriate in treeless

Table 2
Assignment of pollen taxa to basic and virtual PFT’s, as used for the calculation of PFT scores in the records from Central Siberia, according to
Tarasov et al. (1999a, b)
Basic PFT

Code

Pollen taxa included

Steppe forb/shrub

sf

Allium, Apiaceae, Armeria, Asteraceae subf. Asteroideae, Asteraceae subf. Cichorioideae,
Boraginaceae, Brassicaceae, Crassulaceae, Campanulaceae, Caryophyllaceae, Cannabis-type,
Centaurea, Dipsacaceae, Echium, Euphorbiaceae, Fabaceae, Hippophae, Polygonaceae,
Filipendula, Galium, Helianthemum, Lamiaceae, Plantago undif., Plumbaginaceae,
Ranunculaceae, Rosaceae, Rubiaceae, Scrophulariaceae
Artemisia, Chenopodiaceae
Poaceae
Ericales
Cyperaceae
Alnus fruticosa-type, Betula nana-type, Draba, Dryas, Gentianaceae, Saxifragaceae
Rubus chamaemorus
Picea
Betula sect. Albae, Larix
Pinus subgenus Haploxylon
Juniperus, Pinus subgenus Diploxylon
Abies
Betula undif.
Alnus undif., Salix
Alnus glutinosa-type, A. incana-type, Populus

Grass
Heath
Sedge
Arctic-alpine dwarf shrub/herb
Arctic-boreal semi-shrub
Boreal evergreen conifer
Boreal summergreen
Cool-boreal conifer
Eurythermic conifer

sf/df
g
h
s
aa
ab
bec
bs
cbc
ec
bec/ctc
aa/bs
aa/bs/ts
bs/ts

Virtual PFTs are shown in the code column with a slash between the basic PFTs. ctc is the code of cool-temperate conifer PFT, ts is the code for
temperate summergreen PFT, and df is the code for desert forb PFT.
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Table 3
Modern TVII and Pyr ranges derived from Klimaticheskiy Atlas SSSR (1960) and Atlas Arktiki (1985) and reconstructed from surface pollen data by
the IS and the PFT methods at 3 locations on the Taymyr Peninsula
Location

Lama Lake (69 N, 90 E)
Labaz Lake (72 N, 99 E)
Levinson-Lessing Lake (74 N, 98 E)

Vegetation (Atlas Arktiki, 1985)

Northern taiga
Southern tundra
Typical tundra

areas) are in good agreement with the actual climate in
all sites.
The BIOME1 vegetation model (Prentice et al., 1992)
suggests that summer T and moisture conditions are
main factors, controlling transition between tundra,
cold deciduous forest, taiga and cool steppe. As an
objective reconstruction of the climate and comparison
of the IS and PFT methods are among the main goals of
this study, we have chosen only TVII and Pyr reconstructions to present in the paper.

4. Results
4.1. PG1111 core
The lowermost 1112–735 cm of the core consists of
o1–10 mm thick laminated silt and clay, characterized
by olive-brown colors (Fig. 2). The upper 735–600 cm
is characterized by regular black and dark-gray laminae
with thickness o1 mm and change from olive–
brown silty clay to gray–black clayey silt. The upper
600–505 cm consist of clayey silt with a thicker (1–2 cm)
black layering than below. The uppermost 505–0 cm is
composed of 0.01–2 cm thick irregularly layered black
layers. For the detailed lithostratigraphy see Harwart
et al. (1999).
The pollen diagram is zoned by visual inspection
(Fig. 2). Pollen zone I (PZ-I, 1110–760 cm) has very low
pollen concentration. The spectra are dominated by
Artemisia, Poaceae, and Cyperaceae pollen. Pollen of
Salix, Betula sect. Nanae and some herbs taxa like
Saxifraga, Caryophyllaceae also occur in the spectra.
PZ-II (760–700 cm) is notable for dramatic increase of
Betula sect. Nanae pollen contents, while Poaceae and
Artemisia ones are reduced. PZ-III (700–650 cm) is
characterized by a decrease in Betula percentages, while
Cyperaceae percentages are signiﬁcantly increased. A
peak of Botryococcus also occurs in this zone. PZ-IV
(650–550 cm) is notable for an increase in Betula sect.
Nanae, Larix and Salix pollen, Polypodiaceae, Sphagnum, Equisetum spores and a decrease in Cyperaceae,
Artemisia, Saxifraga, Caryophyllaceae, Thalictrum and
some other herbs. In the upper part of the zone Alnus

TVII ( C)

Pyr (mm)

Modern data

IS

PFT

Modern data

IS

PFT

10–14
8–12
6–8

14–16
10–14
10–14

13.5–15.5
8.5–10.5
7–9

300–800
300–400
250–350

400–500
300–400
300–400

300–500
300–500
200–400

fruticosa pollen and Lycopodium clavatum spores
percentages increase. PZ-V (550–505 cm) is characterized by the increase of Picea obovata and Betula sect.
Albae pollen percentages, while B. sect. Nanae, Larix
and Salix pollen percentages decrease. Pollen concentration is the highest in this zone. PZ-VI (505–205 cm) is
noticeable for a high content of Picea obovata and
Betula sect. Albae pollen. Lycopodium spores content
also increase in this zone. PZ-VII (205–100 cm) is
characterized by a gradual decrease of Picea obovata
and Betula sect. Albae percentages, while Larix, Salix,
Cyperaceae, Lycopodium, Selaginella, and Sphagnum
contents increase. PZ-VIII (100–0 cm) is notable for
slight increase in Pinus, Artemisia, and Cyperaceae
contents. Lycopodium and Selaginella contents reach the
maximum in this zone. Betula sect. Albae percentages
increase in the upper part of the zone, while Larix and
Picea obovata have small peaks in the lower part.
Thirty samples from the core were 14C dated by AMS
(Table 4). Different fractions of organic matter (chemically enriched pollen, humic acids, total organic carbon,
manually selected pollen and microfossils) were dated.
Unfortunately, these fractions gave widely diverging
ages (Table 4), resulting from low organic matter and
high content of coal particles. Manually selected
microfossil samples provide more reliable data, but they
are rare due to the generally low content in organic
matter. Probably due to contamination problems, some
of these dates also provide a rather wide scatter, making
the creation of an age depth model difﬁcult. A relatively
good data set, corresponding well with radiocarbon
dated pollen sequences from the region (Table 5), was
obtained only for the 10,000–8000 14C yr BP interval.
An age model based on macrofossil dates and correlated
pollen stratigraphy from relatively well-dated sequences
(e.g. Clayden et al., 1997; Andreev and Klimanov, 2000;
Andreev et al., 2002) is presented in Fig. 3. A set of
210
Pb ages (Hagedorn et al., 1999) and 14C dates from
the adjacent PG1319 and PG1341 cores (Table 4)
conﬁrm our age interpolation for the upper part of
the core. An extrapolation, based on reliable dates
and regional pollen stratigraphies shows that the
sediment base could be 18,000 14C yr BP old (Fig. 3).
However, it is well known that during Late Glacial times
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Fig. 2. Percentage pollen and spore diagram of the PG1111 core (72 220 600 N, 99 420 200 E). (1) 0.01–2 cm thick laminated clayey silt, (2) 1–2 cm thick
laminated clayey silt, (3) laminated silty clay and clayey silt, (4) laminated silt and clay.
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Table 4
Radiocarbon dates from Lama Lake cores
NN

Core

Depth (cm)

Dated material

14

d13C

Lab no

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34

1111–5
1111–5
1111–5
1111–5
1111–5
1111–5
1111–5
1111–6
1111–6
1111–6
1111–6
1111–6
1111–6
1111–6
1111–6
1111–6
1111–6
1111–6
1111–6
1111–6
1111–7
1111–7
1111–7
1111–7
1111–7
1111–7
1111–7
1111–7
1111–7
1111–7
1118–1
1319–1
1341–4
1341–4

77–113
119–163
170
172–200
202–235
235–300
305–307
302–348
345–388
377–379
401–476
477–520
477–520
477–520
520–523
535–538
540
552–554
552–554
556–558
570–572
580–582
577–608
603–605
611–648
649–653
653–696
699–736
736–792
789–849
2–4
30
211
253

Non-identiﬁed macrofossils
Non-identiﬁed macrofossils
Chemically enriched pollen fraction
Non-identiﬁed macrofossils
Non-identiﬁed macrofossils
Non-identiﬁed macrofossils
Organic carbon
Non-identiﬁed macrofossils
Non-identiﬁed macrofossils
Chemically enriched pollen fraction
Non-identiﬁed macrofossils
Non-identiﬁed macrofossils
Non-identiﬁed macrofossils
Non-identiﬁed macrofossils
Non-identiﬁed macrofossils
Non-identiﬁed macrofossils
Chemically enriched pollen fraction
Betula seed, Larix needles, insect remains
Manually selected pollen
Daphnia remains
Non-identiﬁed macrofossils
Chemically enriched pollen fraction
Non-identiﬁed macrofossils
Organic carbon
Non-identiﬁed microfossils
Humic acids
Non-identiﬁed macrofossils
Non-identiﬁed macrofossils
Non-identiﬁed macrofossils
Non-identiﬁed macrofossils
Humic acids
Wood remains
Wood remains
Wood remains

74807420
4430796
12,1707130
2126772
53207320
5319792
10,5907130
5285752
41007200
15,060790
81907170
84257665
79807450
10,8307530
91207440
7950790
14,7607120
95007190
7007400
9160795
92607190
15,4607160
95207140
15,6807180
99707120
11,800760
11,4707180
11,3907320
65107480
11,1007610
2110730
500735
5255748
6200760

27.6
27.4
23.3
26.7
28.3
25.0
25.9
28.2
29.1
23.6
28.1
28.2
29.0
26.1
24.4
27.3
24.6
28.0
28.0
27.4
27.0
23.4
26.3
25.5
26.4
25.9
26.9
24.9
24.7
27.5
27.0
27.1
27.9
28.3

AA39481
AA39482
OxA-6067
AA39483
AA39480
AA39479
OxA-5623
AA39478
AA39477
OxA-6066
AA39475
AA39474
AA39474
AA39474
AA39473
AA39472
OxA-6065
UTC8874
UTC8875
OS22695
AA39471
OxA-6064
AA39470
OxA-5624
AA39469
KIA3325
AA39468
AA39467
AA39466
AA39465
KIA3324
UtC7419
UTC8876
UTC8877

sedimentation rates could be signiﬁcantly higher than
during the Holocene. Thus, a younger age for the
bottom sediment is also possible. Due to the poor
chronological control for the whole PG1111 sequence
we only use uncalibrated ages.

4.2. Peat section
The lower 175–20 cm is well-decomposed peat while
the upper 20 cm is predominantly slightly or nondecomposed sedge peat (Fig. 4). The pollen diagram of
the section is zoned by visual inspection (Fig. 4). PZ-I
(170–50 cm) is notable for low pollen concentration. The
pollen spectra are dominated by pollen of Picea obovata
and Cyperaceae. PZ-II (20–0 cm) is notable for an
increase in Betula sect. Albae and sect. Nanae pollen
contents, while Larix and Picea obovata signiﬁcantly
decreased. All 14C dates (Table 6) from the sequence are
in good agreement, reﬂecting continuous peat accumulation at the site between ca. 6000 and 2500 14C yr BP.

C age

5. Paleoenvironmental reconstructions
5.1. Qualitative reconstruction
We assume that the Lama record may represent a
continuous sequence from ca. 18,000–16,000 14C yr BP,
according to the age model. The spectra in PZ-I have
very low pollen concentration and there are large
amounts of reworked pre-Quaternary palynomorphs.
The pollen zone is almost ﬁt to olive-brown silty-clayey
unit with very low organic content distinguished by
Harwart et al. (1999). Identical pollen spectra were
obtained from the lowest, not yet dated part of PG1341
core, taken from shallow water close to the western
shore of the Lama Lake. The pollen data suggest that
scarce steppe-like plant communities with Artemisia,
Poaceae, Asteraceae, Caryophyllaceae, and Thalictrum
dominated the vegetation around the lake. Tundra-like
communities with Betula nana, arctic Salix, Dryas,
Saxifraga, Oxyria, Carex and some Brassicaceae (such
as Draba) might have grown in more mesic sites. Rare
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Table 5
Correlated pollen stratigraphy based on the relatively well-dated pollen records from the Taymyr Peninsula
14

Pollen stratigraphy

Reﬂected vegetation changes

Source

0

Modern pollen spectra

Modern vegetation cover

ca 2500

Arboreal pollen contents became
similar to modern

Vegetation cover approximated
modern conditions

ca 4500

Beginning of dramatical decrease in
arboreal pollen content

Gradual deforestation on northern
Taymyr, disappearance spruce from
the forest

ca 8500

Maximal tree pollen content in the
records

Maximal treeline movement to the
north

ca 9000

Graduate increase of tree pollen
content in spectra

Shrub tundra, forest-tundra or forest
vegetation

ca 10,000

Dramatic decrease of herb pollen
content and increase in shrub pollen
content

Shrub tundra or forest tundra (Betula
nana and Alnus fruticosa) vegetation

ca 11,000

Decrease of shrub pollen content

Increase of Poaceae-Artemisia
communities in vegetation

ca 12,000

Small increase of shrub (mostly Betula
nana) pollen content

More shrub communities in local
vegetation cover

Nikol’skaya (1980, 1982), Kul’tina
et al. (1974), Belorusova et al. (1987),
Clayden et al. (1997), Andreev and
Klimanov (2000), Andreev et al.
(2002), Andreev et al. (this study)
Nikol’skaya (1980, 1982), Kul’tina
et al. (1974), Clayden et al. (1997),
Velichko et al. (1997), Andreev and
Klimanov (2000), Andreev et al.
(2002)
Nikol’skaya (1980, 1982), Kul’tina
et al. (1974), Belorusova et al. (1987),
Clayden et al. (1997), Andreev and
Klimanov (2000), Andreev et al.
(2002), Andreev et al. (this study)
Levkovskaya et al. (1970),
Nikol’skaya (1980, 1982), Clayden
et al. (1997), Andreev et al. (2002),
Andreev et al. (this study)
Levkovskaya et al. (1970),
Nikol’skaya (1980, 1982), Clayden
et al. (1997), Velichko et al (1997),
Andreev and Klimanov (2000),
Andreev et al. (2002)
Nikol’skaya (1980, 1982), Velichko
et al. (1997), Andreev and Klimanov
(2000), Andreev et al. (2002), Andreev
et al. (this study)
Nikol’skaya (1980, 1982), Velichko
et al. (1997), Andreev and Klimanov
(2000), Andreev et al. (2002), Andreev
et al. (this study)
Andreev et al. (2002), Andreev et al.
(this study)

C yr BP

Fig. 3. Age/depth model.
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Fig. 4. Percentage pollen and spore diagram of the peat proﬁle. (1) well-decomposed peat, (2) sedge peat.

Table 6
Radiocarbon dates from the peat proﬁle in the Lama Lake catchment
(for location see Fig. 1)
Depth (cm)

Dated material

14

C age

d13C

Lab no

20
75
120–123
170

Carex seeds
peat
Carex seeds
peat

2620746
45607140
5362758
5970760

26.9
27.4
26.1
28.9

AA39464
AWI-220
AA39463
AWI-225

pollen of trees and other shrubs are most likely
reworked from older sediments.
Our pollen spectra are very similar to pollen spectra
from the laminated lacustrine clayey-silt/silty-clay deposits, 14C dated to 19,9007500 yr BP (Kind, 1974)
from the 60 m terrace near Norilsk (Ayakli-Melkoe site,
69.25 N, 89.00 E). These spectra are also characterized
by low pollen content, very low amount of arboreal
pollen, and a dominance of Artemisia pollen between the

non-arboreal pollen (up to 30–50%), reﬂecting the
similar steppe-like environment.
The slight increase of Betula sect. Nanae and a small
peak of B. sect. Albae pollen contents at the upper part
of the PZ-I may reﬂect B^lling warming, while a
subsequent decrease of Betula pollen and a slight
increase of Artemisia and Poaceae pollen contents in
the upper layers may reﬂect Middle Dryas cooling.
The distinct increase of Betula sect. Nanae and Salix
and the signiﬁcant decrease of Artemisia, Poaceae and
other herb pollen taxa contents in the PZ-II reﬂect a
clear warming signal. According to the age model this
warming correlates with the Aller^d. A subsequent
decrease in Betula pollen percentages and an increase of
herb pollen taxa (mostly Cyperaceae) amounts in PZ-III
probably reﬂect the Younger Dryas cooling.
The Late Glacial/Preboreal transition is characterized
by a signiﬁcant increase in Betula sect. Nanae and
Salix pollen, Polypodiaceae, Sphagnum, Equisetum
spores and a signiﬁcant decrease in herbs pollen contents.
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According to the age model, this transition occurred
ca 10,300–10,000 14C yr BP as seen everywhere in northern
Eurasia (e.g. Khotinskiy, 1984; Velichko et al., 1997).
A high content of Betula sect. Nanae and Salix pollen
in the early Preboreal1 sediments (PZ-IV) suggest a broad
distribution of dwarf birch and shrub willow associations
(probably similar to those of modern shrub tundra)
ca 10,000–9500 14C yr BP, but a relatively high content
of non-arboreal pollen reﬂects the broad distribution of
herbaceous vegetation. Numerous spores of Equisetum,
Sphagnum and Polypodiaceae indicate wet habitats around
the lake.
High Larix pollen content within the PZ-IV, dated to
ca 9700–9600 14C yr PB indicates that larch forest has
been already established near Lama Lake at that time.
Such peaks, dated around 9600–9200 14C yr BP, are also
characteristic for pollen and plant macrofossil records
from West Siberia (Peteet et al., 1998), southwestern
Taymyr (Levkovskaya et al., 1970; Clayden et al., 1997)
and eastern Taymyr (Andreev et al, 2002). Larix forest
dominated the vegetation 9600–9200 14C yr ago, after
9500 yr BP with Alnus fruticosa as co-dominant.
A dramatic increase of Alnus fruticosa pollen content
with some increase of Betula sect. Nanae, Picea obovata,
and Lycopodium is also noticeable for the upper part of
PZ-IV, 14C dated ca 9200 yr BP. Such pollen spectra are
very similar to recent ones near the northern limit of the
modern taiga along the Yenisei River valley (Clayden
et al., 1996) and probably reﬂect a similar vegetation of
larch-spruce taiga with shrub alder and dwarf birch.
The Picea obovata pollen content and the total pollen
concentration increase dramatically at ca 9100–8000 14C
yr BP in PZ-V, suggesting dense spruce-larch forest with
shrub alder and some tree birch dominated the
vegetation around the lake. Other environmental
records from Western Taymyr (e.g. Levkovskaya et al.,
1970; Koshkarova, 1995) conﬁrm the broad distribution
of spruce during the Boreal. Koshkarova (1995), who
has studied macrofossils from peat sequences near the
Lama Lake, also concluded that spruce-larch forests
covered the area. The expansion of spruce during the
Boreal period reﬂects signiﬁcant amelioration of the
climate.
The content of Picea obovata pollen is the highest in
the PZ-VI, indicating the broad distribution of spruce
and warm climate conditions. The lower boundary of
the zone coincides with a change in sedimentation, also
suggesting a signiﬁcant environmental shift (Harwart
et al., 1999). According to the age model, the interval
corresponds to the Atlantic period, ca. 8000–4500 yr BP.
14
C dates from the PG1341 core (Table 4) and other
1
We use the terms Preboreal, Boreal according to the modiﬁed
chronological subdivision of Holocene (Khotinskiy, 1984). This
subdivision is accepted in Russian scientiﬁc literature and has been
used in all publications referred in this paper.
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records from the area (e.g. Clayden et al., 1997; Andreev
and Klimanov, 2000; Andreev et al., 2002) conﬁrm such
interpretation.
The pollen record from the nearby situated peat
proﬁle (Fig. 4) shows high content of Picea pollen,
suggesting that spruce dominated on the peat bog at
least 6000–4500 14C yr BP. The lower percentages of
Picea and higher percentages of Betula and Alnus in the
lake sediments (PZ-VI of the Fig. 2) comparing with the
peat record should be noted. This likely reﬂects
differences between the local peat bog vegetation and
more regional vegetation recorded in the lacustrine core.
Dwarf shrub coenoses were probably common at higher
elevations, contributing high contents of Betula sect.
Nanae and Alnus fruticosa pollen to the lake sediment.
The high percentages of the Lycopodium and the
appearance of Selaginella selaginoides spores are notable
within the PZ-VI. Both species are typical for boreal
zone in Eurasia. Thus, spruce-larch forest with shrub
alder and some tree birch dominated the vegetation
around Lama Lake ca. 8000–4500 14C yr BP. Koshkarova (1995) also reconstructed spruce-larch forest vegetation in the Lame Lake region on the basis of macrofossil
remains for this time interval.
A gradual decrease of Picea obovata pollen content,
while Larix, Salix, Pinus, Cyperaceae, Lycopodium,
Selaginella selaginoides, and Sphagnum contents increase
in the PZ-VII, reﬂect a gradual deterioration of climate.
Similar changes also occur in the peat accumulated after
ca. 3500 14C yr BP (Fig. 4). High Picea pollen content in
the peat is probably reﬂecting dense spruce forest near
the peat land. We assume that the PZ-VII interval
corresponds to the Subboreal period, ca. 4500–2500 14C
yr BP according to the age model. Spruce gradually
disappeared from the vegetation during that time.
Koshkarova (1995) have also noted a gradual disappearance of the taiga species after 4500 14C yr BP. She
noticed that the content of plant macrofossils from a
peat proﬁle near Lama Lake, 14C dated to 2810740 yr
BP is very similar to that seen today. In our peat proﬁle
accumulation ended ca. 2600 yr 14C BP, probably
reﬂecting local hydrological changes. Generally, vegetation cover became similar to modern larch-spruce forest
type at ca. 2500 14C yr BP.
We assume that the upper 100 cm of the core (PZVIII) were deposited during the Subatlantic period since
ca. 2500 14C yr BP. During this period Pinus pollen
contents (long-distance wind-transported pollen) increased, while the content of local pollen decreased
during the last 2500 years probably reﬂecting gradual
climate deterioration. The increase of non-arboreal taxa
may also reﬂect a deterioration of climate. Koshkarova
(1995) also noticed that in the area ‘‘sparse larch forest
gave way to open larch parkland’’. As today, larch
forest with spruce and some tree birches dominated the
vegetation.
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The signiﬁcant increase of Betula sect. Albae pollen
percentages in the upper part of the PZ-VIII, while
Larix and Picea obovata decrease, mirrors the increasing
role of birches in the local larch-spruce forests. The
sharp decrease of total arboreal pollen contents and the
increase of Artemisia pollen contents at 30–15 cm depth
may be correlated with the so-called Little Ice Age (the
210
Pb age model (Hagedorn et al., 1999) is in a good
agreement with this interpretation). Spruce probably
played a minimal role in the local vegetation at that
time. Later, vegetation again became very similar to that
of today.
5.2. Biome reconstruction
Biome reconstruction suggests three distinguishable
vegetation phases (Fig. 5). The scores of steppe and
tundra biomes are highest between ca 18,000 and 12,300
14
C yr BP. These two vegetation types have very similar
bioclimatic requirements and can grow under relatively
cold and dry climate. Kaplan (2001) in his BIOME4
model distinguished ﬁve tundra biomes: cushion forb,
lichen and moss tundra; prostrate dwarf-shrub tundra;
erect dwarf-shrub tundra; low- and high-shrub tundra;
graminoid and forb tundra. Taking into consideration
that pollen taxa are often recognized at genera or family
level, an objective attribution of pollen spectra to one of
these tundra types would be rather speculative. However, at the qualitative level, spectra from the PZ-1 of
the PG1111 core can be attributed to graminoid and
forb tundra, or to dwarf-shrub tundra, or a combination
of the two. Kaplan (2001) suggests that the distinctive
bioclimatic limit to separate these biomes is a snow
thickness of 15 cm. If we apply such model scenario for
the late Pleistocene part of the PG1111 pollen record,
then low snow thickness and low soil moisture would
allow cold grasses and forbs to dominate instead of cold
dwarf shrubs, even without changes in temperature.
Thus, we can only suggest that climate was drier than at
present, especially during winters. This interpretation is
in a good agreement with the climate reconstruction
from the nearby-situated Ayakli-Melkoe site (Tarasov
et al., 1999b).
Climate in Siberia during the LGM was drier than at
present due to presence of ice sheets and low sea level
(Kind, 1974; Velichko et al., 1984, 1997; Frenzel et al.,
1992). It would also imply very low winter P and very
thin snow cover, explaining how large populations of
grazing mammals could ﬁnd food during the winters. In
contrast to our interpretation and the reconstruction by
Tarasov et al. (1999a), dryness in these studies has been
associated with cold summers (e.g. Frenzel et al. (1992)
assumed that TVII in Central Siberia was 6–8 C colder
than at present). However, Kienast et al. (2001), based
on a precise macrofossil identiﬁcation, suggests a diverse
tundra-steppe vegetation at 18,000 14C yr BP near the

Fig. 5. Numerical scores of dominant vegetation types (biomes)
reconstructed from the Lama Lake pollen record.

Taymyr Lake, implying that the LGM climate there was
very dry with only thin snow cover, while the growing
season T were not lower than today.
Steppe biome scores decrease at the Late Glacial/
Early Holocene transition, while tundra biome scores
increase (Fig. 5). The biome reconstruction suggests the
spreading of shrub tundra associations ca 12,300–10,000
14
C yr BP. Such changes in the pollen spectra indicate an
increase in snow thickness and soil moisture. Global
warming and the associated retreat of the ice sheets and
rise in sea level imply a weaker anticyclone regime in
Siberia during the winter, leading to higher snow
accumulation and vegetation changes. The scores of
taiga are very close to the scores of tundra since ca
10,000 14C yr BP, suggesting that these biomes have codominated in the region since early Holocene. Cold
evergreen and deciduous conifer forest (taiga) requires a
climate wetter than graminoid and forb tundra, and
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warmer than dwarf-shrub tundra. The Lama Lake
pollen record suggests that the 8000–4000 14C yr BP
interval was an optimum for tree growth in the region.
5.3. Quantitative climate reconstructions
The extremely low pollen concentration, the low
number of counted pollen, the presence of re-deposited
pollen, and, the lack of arboreal pollen taxa limit the use
of the pollen spectra below 760 cm of the core for
quantitative climate reconstructions. The results of the
Late Glacial and Holocene climate reconstruction
obtained from the upper part of the core (above
760 cm) are plotted in Figs. 6 and 7.
Both methods suggest that the TVII reconstructed
from the uppermost spectrum of the core are 1–1.5 C
warmer than the regional TVII in the Klimaticheskiy
Atlas SSSR (1960) and Atlas Arktiki (1985). The T
anomalies reconstructed by both methods show similar
trends. TVII were slightly warmer than today during the
Aller^d, ca. 12,300 14C yr BP and were 2–3 C colder
than today during the Younger Dryas, ca. 11,500 14C yr
BP. During the early Preboreal, ca. 10,000 14C yr BP,
TVII became 0.5–1.5 C warmer than present. A short
decrease in TVII to the modern value is suggested for the
mid-Preboreal, ca. 9600 14C yr BP. A slight TVII fall is
also occurred ca. 9000 14C yr BP. Later, at the end of the
Boreal and during the Atlantic, the TVII were 1.5–3.5 C

Fig. 6. Late Glacial and Holocene mean July temperature anomalies
reconstructed from the Lama Lake pollen record by the IS (Klimanov,
1984) and the PFT (Tarasov et al., 1999a) methods.

Fig. 7. Late Glacial and Holocene mean annual precipitation
anomalies reconstructed from Lama Lake pollen record by the IS
(Klimanov, 1984) and the PFT (Tarasov et al., 1999a) methods.

above modern values. The time of maximum warmth
likely took place during the Atlantic period, ca. 8000–
4500 14C yr BP. The Subboreal (ca. 4500–2500 14C yr
BP) TVII were 0.5–2.5 C higher than present. During the
Subatlantic period since 2500 14C yr BP TVII anomalies
ﬂuctuated between 0.5 and 1.5 C. The differences
between the TVII curves (Fig. 6) are rather in the
amplitude of the changes than in the trends. Generally,
these differences do not exceed 0.5–1 C, being thus
within the possible error bars of the reconstructions
(Klimanov, 1984; Tarasov et al., 1999a, b). Similar TVII
anomalies (2 C warmer than at present during the
Boreal and Atlantic), based on macrofossils from peat
proﬁles near Lama Lake, were obtained by Koshkarova
(1995).
Pyr anomalies (Fig. 7) reconstructed with the IS and
PFT methods are less coherent than the temperature
curves, especially during the Late Glacial/Holocene
transition. The PFT reconstructions suggest that Pyr
anomalies slightly varied between 60 to +60 mm from
the Aller^d to the present time. Two phases with
relatively low Pyr occurred ca. 12,300–10,000 14C yr
BP and ca. 9500–8500 14C yr BP; and several phases
with Pyr higher than present are reconstructed at ca
10,000, 8000, 6000–5000, 4500, and slightly later than
2500 14C yr BP. The Pyr reconstructed by the IS method
were ca 20–60 mm lower than present during the Late
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Glacial, became ca. 20–100 mm higher than present
during the Atlantic period, and varied from 40 to
+40 mm during the last 3000 yr. Although the Pyr
curves are not identical, the differences are too small to
be interpreted and are within the error boundaries of the
methods.
P ﬂuctuations reconstructed by Koshkarova (1995)
show a larger range. During the Boreal period, P was
about 50 mm lower than today in the cold season, but
about 80 mm higher in the warm season. P was about
130 (cold season) and 180 (warm season) mm higher
than today during the ﬁrst half of the Atlantic period,
ca. 8000–6000 14C yr BP. During the second half of the
Atlantic period, ca. 6000–4500 14C yr BP, summer P was
about 50 mm lower than today, but winter P was about
120 mm higher.
Such signiﬁcant differences in the reconstructed P
may be connected with methodological differences as
well as with the site of deposition (macrofossils from
peat proﬁles rather reﬂect the local environment, while
lacustrine records show a more regional signal).

sharp decreases in TVII to the modern value occurred at
about 9600 and 8500 yr BP; and after TVII ﬂuctuated
between 1.5 and 3.5 C above modern values. Pyr
anomalies are less coherent than temperature curves,
especially during the Late Glacial-Holocene transition.
However, the differences of the reconstructed Pyr values
are rather small and stay within the error bars of the
reconstructions.

6. Conclusions

References

Scarce steppe-like vegetation with Artemisia, Poaceae,
and Cyperaceae dominated during the Late Glacial
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