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Abstract

Palaeoenvironmental reconstuctions from the Usa basin, north-eastern European Rus-
sia are reported. Four sites from different vegetation zones were studied for pollen and
stomata; macrofossil analysis was performed from three sediment sequences and from one
palsa mire. Cladocerans and diatoms were analysed from two sites. The records from arctic
and alpine treeline cover the entire Holocene, the record from the mountain taiga zone
covers the last 8600 years and the record from the northernmost taiga zone the last 5700
years. In addition, previously published material on the presence of Scots pine (Pinus
sylvestris) in Finnish Lapland above the present pine treeline zone was utilized, together
with a GIS based data of climate, topography and vegetation to create a model that can be
used for reconstructions of past forest lines and mean July temperatures.

Macrofossil finds prove that tree birch (Betula spp.) was present in the Usa basin at both
the alpine and arctic treeline areas at the beginning of the Holocene. At the alpine treeline,
birch was followed probably first by larch (Larix sibirica) and then by Siberian fir (Abies
sibirica) and spruce (Picea abies) at ca. 10 500 cal yr BP. The expansion of spruce to the
present arctic treeline took place at 9600 cal. yr BP at the latest but probably as early as 10
200 cal. yr BP. Both the arctic and alpine treeline records show a time lag between the first
macrofossil evidence of spruce and following increase in pollen percentages and accumu-
lation rates. The gradual withdrawal of mixed spruce forests from the present alpine and
arctic treelines started simultaneously at ca. 6300 cal. yr BP. At the same time, decrease in
density and/or area of mixed spruce-birch forest is interpreted for the northernmost taiga
zone.

The record from Finnish Lapland suggests maximum distribution of pine between 8300
and 4000 cal. yr BP. During this period, pine was absent only from the highest peaks in
Finnish Lapland and the distribution area was 13 000 km2 more extensive than at present.
In northern Finland the gradual withdrawal of pine resulted in a 2500 km2 decrease in the
pine distribution area by 3000 cal. yr BP and a further decrease of 3200 km2 by ca. 1000
cal. yr BP.

The record from the Usa basin indicates moist and at least as warm as present climatic
conditions during the early Holocene. The more extensive distribution of conifer forest and
presence of Typha at the present arctic treeline suggest that temperatures were up to 2-4 ° C
higher during summer thermal maximum than at present. A gradual cooling started at ca.
6300 cal. yr BP.

The inferred minimum shift in mean July temperatures between 8300 and 4000 cal. yr
BP in Finnish Lapland suggests a ca. + 2.5 °C warmer climate. Until 3000 cal. yr BP, the
results indicate a shift of ca. +1 °C in mean July temperatures. Between 2500 and 1700 cal.
yr BP, megafossil evidence of a wider distribution of pine in Finnish Lapland is lacking.
During the Medieval Warm Period the reconstructed minimum shift in mean July tempera-
ture was ca. + 0.5 °C.

North-eastern European Russia shows conifer forest expansion at the initiation of the
Holocene, whereas in Fennoscandia the earliest dates are found ca. 1000 years later. The
early Holocene warm conditions that prevailed in north-eastern European Russia are not
observed in Fennoscandia until ca. 1000 year later. This study suggests that the tempera-
ture difference between the Holocene summer thermal maximum and the present was ca.
1-2 ºC higher in north-eastern European Russia than in northern Fennoscandia.
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1. INTRODUCTION

According IPCC (2001) the global mean
temperature will rise in coming decades and
this warming is expected to be particularly
significant in the Arctic. The global warm-
ing will affect the boundary of the tundra
and boreal forest biomes, the distribution of
permafrost and sea ice, the gas balance of
widely distributed peatlands, the carbon
cycle, and the length of the snow cover pe-
riod. Through various feedbacks, these
changes will play as forcing factors to in-
crease or decrease the net warming. The past
changes in treeline can be used to validate
biome models and to provide possible ana-
logues for future changes in the environ-
ment.

Holocene changes in treelines in conti-
nental northern Europe have been studied
by using pollen, stomata, megafossil and
plant macrofossils (Hyvärinen, 1975; 1976;
Eronen, 1979; Khotinskiy, 1984; Eronen and
Huttunen, 1987; Eronen and Zetterberg,
1996; Seppä, 1996; Davydova and Servant
–Vildary, 1996; Kremenetski et al., 1997;
1998; 1999; Barnekow, 1999; MacDonald
et al., 2000a; 2000b; Kaakinen and Eronen,
2000; Paus, 2000; Snyder et al., 2000; Hiller
et al., 2001; Oksanen et al., 2001; Gervais
et al., 2002; Solovieva and Jones, 2002;
Boettger et al., 2003; Paus et al., 2003;
Väliranta et al., 2003). The past patterns of
treelines in Fennoscandia are well recorded
in contrast to north-eastern European Rus-
sia.

According to megafossil evidence, the
forest line east of the Pechora delta north-
eastern European Russia advanced to the
Barents Sea coastline as early as between
9500 and 7800 cal. yr BP and withdrew to
its present position between 4500 and 3200
cal. yr BP (Kremenetski et al., 1998;
MacDonald et al., 2000b). Stomata evidence
suggests presence of spruce north of its
present distribution between 10 200 and
5700 cal. yr BP (Kaakinen and Eronen,
2000). The needle record from the Rogovaya

River peat plateau in the southern part of
the present forest-tundra zone in the Usa
basin, suggests the presence of spruce until
2900 cal. yr BP (Oksanen et al., 2001).

Studies from the western Pechora low-
land are rare (Paus, 2000; Henriksen et al.,
2003; Paus et al., 2003). Pollen evidence
from the northern Timan Ridge suggests
birch forest expansion at the onset of the
Holocene (Paus et al., 2003). A local defor-
estation occurred at ca. 8200 cal. yr BP and
a regional deforestation at ca. 4000 cal. yr
BP (Paus et al., 2003). Furthermore, the
Holocene hypsithermal has been interpreted
to occur before 8200 cal. yr BP after which
the climate has gradually become cooler
(Paus et al., 2003).

The expansion of the forest line beyond
the present treeline in the Kola Peninsula
has been reconstructed to occur slightly later
than in other parts of Russia (MacDonald et
al., 2000a; Snyder et al., 2000; Gervais et
al., 2002; Solovieva and Jones, 2002). Sto-
mata records suggest that pine grew north
of its present distribution between 9100 and
3200 cal. yr BP, having a maxima between
8100 and 6800 cal. yr BP (Snyder et al.,
2000; Gervais et al., 2002). During maxi-
mum distribution of pine its tree limit was
ca. 100 km north of present (Gervais et al.,
2002). The dates of withdrawal of pine vary
depending on the site: ca. 5000 cal. yr BP
(Solovieva and Jones, 2002), 4500 cal. yr
BP (Snyder et al., 2000) and 2700 - 2500
cal. yr BP (Gervais et al., 2002). Boettger et
al., (2003) suggest that the withdrawal of
pine in the Kola Peninsula was time-trans-
gressive; it occurred earlier in the eastern
parts than in the western parts of the Kola
Peninsula. Pine megafossils show a maxi-
mum frequency between 7800 and 4500 cal.
yr BP (MacDonald et al., 2000a) and a Late
Holocene maximum between 900 and 700
cal. yr BP (Hiller et al., 2001). During the
Medieval Period, the pine treeline was ca.
100 – 140 m above its present altitudinal
position and this corresponds a shift of 0.6
– 0.8 ºC in temperatures (Hiller et al., 2001).
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Based on pollen accumulation rates,
Hyvärinen (1975) suggested that pine was
present in the vicinity of Bruvatnet, north-
ern Norway, as early as 9500 cal. yr BP. Pine
invasion into Finnish Lapland took place at
ca. 9000 – 8000 cal. yr BP (Hyvärinen, 1975;
1976; Seppä, 1996). Macrofossil records
from Abisko, northern Sweden, suggest the
presence of pine above the present treeline,
at least sporadically at 8500 cal. yr BP but
clearly increased needle frequency was not
observed before 7500 cal. yr BP (Barnekow,
1999). In Abisko, during the maximum dis-
tribution of pine, the treelimit of pine was
situated at 175 m higher altitude than at
present (Barnekow, 1999). According to
Barnekow (1999), temperatures during the
Early Holocene were 1.5 – 2 ºC higher than
at present on the basis of the mountain birch
limit. The maximum extent and density of
pine forest occurred at ca. 8000 – 4000 cal.
yr BP, after which pine retreated gradually
to its present forest line.

The Usa basin in the north-eastern Euro-
pean Russia (Fig. 1) includes major
ecotones, i.e. arctic and alpine treelines, and
a southern border of continuous and discon-
tinuous permafrost that are sensitive to
changing climate. Vegetation zones vary
from northern taiga to tundra and mountain
taiga and the geomorphology from exten-
sive lowland to mountains. The major goal
of this study is to establish a multi-proxy
record of past environmental changes in the
Usa basin, and to evaluate the impacts of
past climate changes in the region. Treeline
reconstructions from north-eastern Euro-
pean Russia are based on combined results
of pollen, stomata and macrofossils that
have been sampled along a south-north
transect across the present vegetation zones.
The Holocene climate patterns were esti-
mated on the basis of a linkage between
present climate and present distribution of
species. In addition, previously published
pine megafossil and pollen data was used
to estimate past minimum shifts in the pine
forest line and mean July temperature in
Finnish Lapland. The minimum shifts in

mean July temperatures were adjusted for
the influence of glacio-isostatic land uplift.
This study aims to reconstruct past changes
in treelines and climate in these two sub-
areas and to investigate if these changes have
been concurrent or not. This study is a con-
tribution to a interdisciplinary TUNDRA-
project (Tundra degradation in the Russian
Arctic) funded by European Commission
and to ARCTICA-project (Arctic feedbacks
to global warming; a circumpolar assess-
ment) funded by the Academy of Finland.
The main goal of the TUNDRA-project was
to assess possible feedbacks from the Rus-
sian Arctic to the global climate system. The
ARCTICA-project aimed to assess possible
feedbacks from Arctic land-masses to Glo-
bal warming, mainly in two sub areas in
north-eastern European Russia and Finnish
Lapland.

2. STUDY AREAS

The study areas are the Usa basin in
north-eastern European Russia (Fig. 1) and
the present pine forest line region and areas
above it in northernmost Finland (Fig. 2).
These two areas differ from each other in
several ways. Topography of the Usa basin
is characterized by either extensive lowland
or mountains. Gently sloping hills are typi-
cal in Finnish Lapland. The bedrock in Finn-
ish Lapland mainly belongs to Lower
Proterozoic and Archaean complexes
(Korsman et al., 1997) while in the Usa ba-
sin it mainly belongs to the Lower
Palaeozoic platform but also Early and Mid-
dle Ordovician sedimentary rocks are found
(Khain, 1985). Quaternary deposits in Finn-
ish Lapland are dominated by till whereas
Usa basin lacks poorly sorted glacial depos-
its while fluvial and alluvial sediments pre-
vail instead. During the last glaciation
(Weichselian) Finnish Lapland was glaci-
ated and the deglaciation took place at the
onset of the Holocene. The maximum gla-
ciation in the north-eastern European Rus-
sia took place at early stage of Weichselian
and the deglaciation took place at ca. 60 000



8

0 50 100 Km

Extreme northern taiga

Mountain
Shrub-tundra
Forest-tundra

Mountain taiga

Northern taiga

57
o

57
o

61
o

61
o

65
o

65
o

66
o

66
o

68
o

68
o

2.1

3.3

3.2

3.1

Russia

Arctic Circle

The Usa BasinThe Usa Basin

years ago (Mangerud et al., 1999; Svendsen
et al., 1999, Henriksen et al., 2001). The
southernmost extent of the Barents ice-sheet,
the Markhida-Line, is located in the north-
ern part of the Usa basin indicating that most
of the Usa basin was not glaciated during
the Weichselian (Mangerud et al., 1999;
Svendsen et al., 1999). Most of the Usa ba-
sin is occupied by permafrost, mostly dis-
continuous but at the higher altitudes and
latitudes also continuous (Oberman and
Borozinetsh, 1988; Oberman and
Mazhitova, 2003). In Finnish Lapland per-
mafrost is rare, being found as palsas in
peatlands and on the top of fells (King and
Seppälä, 1987). In the Usa basin the alpine
treeline is formed by larch (Larix sibirica)
and arctic treeline by spruce (Picea abies
ssp. obovata) while in Finnish Lapland both
latitudinal and altitudinal treeline is formed
by mountain birch (Betula pubescens ssp.
czerepanovii (syn. B. pubescens ssp.
tortuosa)). The conifer treeline in Finnish
Lapland is formed by pine (Pinus sylvestris)

that is absent in treeline areas in the Usa
basin.

The catchment of the Usa basin (Fig.1)
is situated in the Komi Republic and in the
Nenets Autonomous District in the north-
eastern European Russia. The Usa River is
one of the main tributaries to the Pechora
River, which flows into the Barents Sea. The
Ural Mountains with the highest elevation
of almost 1900 m a.s.l. run in the eastern
part of the catchment. The rest of the area is
characterized by extensive lowland with al-
titudes mainly below 200 m a.s.l. Mean an-
nual temperatures at the Usa basin vary from
-3 º C in the south to -6 º C in the north-east.
Annual precipitation is ca. 400 - 800 mm
and even higher in the Ural Mountains. Con-
tinuous permafrost is widely spread in the
mountainous areas in the eastern part and in
lowland areas in the northern part of the
catchment (Oberman and Borozinetsh,
1988; Oberman and Mazhitova, 2003).

Of the three study lakes in the Usa basin,

Fig. 1. The Usa Basin in the Northeast European Russia. Point 2.1 indicates the location
of Khosedayu and Tumbulovaty sites, point 3.3 indicates Lake Vankavad, 3.2 indicates
Lake Mezhgornoe and 3.1 indicates the situation of the Vangyr Mire. Vegetation zones
are based on the map of the nature regions in Komi (Taskaev et al., 1996) and on vegetation
classification of Virtanen et al. (submitted). The forest-line indicated as black line, is
determined using satellite-image based vegetation classification by Virtanen et al.
(submitted). The arctic tree-line is formed by spruce and the alpine tree-line by larch.
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Fig. 2. The location of the sites in Finnish Lapland on which the reconstructions of past
shift in mean July temperatures and distribution of pine are based on. Names of the sites
that are discussed in the text are given.

Lake Mezhgornoe (site 3.2 in Fig. 1) is situ-
ated at 550 m a.s.l. on the western slopes of
the Ural Mountains just below  the alpine
treeline (ca. 20 m), which is composed of
larch. Siberian fir (Abies sibirica) dominated
forest mixed with some spruce, larch and
birch (Betula pubescens and Betula
pubescens ssp. czerepanovii) appear at ca.
80 m lower altitude than Lake Mezhgornoe.
Mixed forest dominated by spruce appears
at ca. 180 m lower altitude than the study
site. Areas above the treeline are character-
ized by patchy alpine meadows, shrub-li-
chen-dominated tundra vegetation, and
mainly bare stony areas. The mean July tem-
perature at the study site estimated on the
basis of altitudinal and latitudinal gradient
is 12.4 ºC. (Paper I)

The Vangyr Mire (Site 3.1 in Fig. 1) is
situated at 300 m a.s.l. in the Vangyr River
valley ca. 40 km southwest of Lake
Mezhgornoe. Mixed mountain taiga with
spruce, birch, larch and Siberian fir prevails

in the area. Estimated mean July tempera-
ture is 14.4 º C. (Paper I)

Lake Tumbulovaty and Khosedayu peat
sites (Site 2.1 in Fig. 1) are situated both at
the arctic treeline and in the transition of the
sporadic and discontinuous permafrost
zones in the Bol´shezemel´skaya Tundra.
The study sites are situated in the northern
part of the forest-tundra. In this region the
arctic forest line coincides with the ca. +13.9
°C mean July temperature isoline (Virtanen
et al., 2002; Virtanen et al., accepted manu-
script) and with the transition zone from
sporadic to discontinuous permafrost
(Oberman and Borozinetsh, 1988; Oberman
and Mazhitova, 2003). The mean July tem-
perature in the study area is +13.4 °C. The
nearest large spruce forest stands are found
ca. 5-6 km south and west of Lake
Tumbulovaty, but some individual spruce
trees are still found in the region and in a
few locations to the north of it. The
Khosedayu sites are situated ca. 10 km north
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of Lake Tumbulovaty. (Paper II). Small for-
est patches are found along the Khosedayu-
river even northward from Khosedayu-site.

Lake Vankavad (Site 3.3 in Fig.1) is situ-
ated in the southern part of the northernmost
taiga zone, in the typical lowland landscape.
Peatlands are abundant, covering ca. 50%
of the surroundings of the lake. Forest is
composed mainly of spruce and birch but
also alder exist in minor quantities. Pine is
found mainly on the marginal areas of
peatlands. (Paper III)

The other study area is in northernmost
Finland and includes the present pine
forestline region and areas above it (Fig. 2).
The Utsjoki-Inari region is characterized by
gently sloping hills, typically varying be-
tween 200 and 300 m a.s.l., and the
Enontekiö region is on the eastern flank of
the Scandinavian mountain range, with the
highest elevations over 1000 m a.s.l. The
climate in the region is subarctic. Annual
temperature ranges from -1 to -2.6 ºC and
annual precipitation is ca. 400 mm. The veg-
etation zones in the study region vary from
slightly continental northern boreal to
slightly oceanic and orohemiarctic (Ahti et
al., 1968). The altitudinal limit of pine is
380 m a.s.l. in the southern part of the study
area and 100 m a.s.l. in the northernmost
part, and is typically located 100 – 130 m
below the mountain birch forest line. The
mean July temperature isoline of 12.2 ºC
coincides with the pine forest line, area
which locates between the zone of closed
forest stands and the zone of isolated trees
or trees growing in small stands, in Finnish
Lapland (Mikkola and Virtanen, manu-
script). (Paper IV)

3. MATERIAL AND METHODS

The lake sediment cores were collected
through ice with a Russian peat corer dur-
ing springs 1998 and 2000. The deepest
point of a lake was sampled, except in Lake
Mezhgornoe which was too deep (17m) for
successful sampling, and sampling was per-

formed from shallower place. The surface
sediment in Lake Mezhgornoe was collected
with a Glew corer. In summer 1998, the peat
deposits were collected with a Russian peat
corer, and the palsa and peat plateau sam-
ples were cut from already exposed profiles
along the edges of thermokarst ponds.

All radiocarbon dates in the text are dis-
cussed as calibrated years before present
(AD 1950) (cal. yr BP). The uncalibrated
dates in previous studies were calibrated
using the Calib 4.1 program (Stuiver and
Reimer, 1993). The ages of dendrochrono-
logically dated subfossil trees are expressed
as years before AD 1950. Radiocarbon dates
are expressed at the nearest 100 year accu-
racy and dendrochronological dates at one
year accuracy. The plant nomenclature fol-
lows Hämet-Ahti et al. (1998).

To determine past changes in treelines,
climate and lake level at the present alpine
treeline area (Lake Mezhgornoe) and in the
northern taiga zone (Lake Vankavad), pol-
len, stomata, plant macrofossils, Cladoceran
and diatoms were studied. The sediment
sequence from Lake Mezhgornoe is 3.25 m
thick, covering the entire Holocene, and
from Lake Vankavad 2.20 m thick, cover-
ing the second half of the Holocene. To cover
vegetation history of alpine treeline on the
regional scale, the Mezhgornoe studies were
supplemented by the pollen record from a
peat section from a nearby site in the mixed
mountain taiga (Vangyr Mire). The peat sec-
tion from the Vangyr Mire is 4 m long hav-
ing a basal date of 8700 cal. yr BP. A 2.8 m
long lake core with a basal date of 11 200
cal. yr BP (Lake Tumbulovaty) was studied
for pollen, stomata and macrofossils to re-
construct climate and vegetation history in
the present arctic treeline area. Peat depos-
its (Khosedayu sites) of three permafrost
mires were investigated by means of plant
macrofossil analysis, radiocarbon dating and
physico-chemical analyses, to establish the
mire initiation and permafrost development
during the Holocene in the transition zone
from sporadic to discontinuous permafrost.
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Previously published data (Eronen, 1979;
Eronen and Hyvärinen, 1982; Mäkelä et al.,
1994; Eronen and Zetterberg, 1996; Seppä,
1996; Seppä and Weckström, 1999; Eronen
et al., 2002; Seppä et al., 2002) on the
presence of Scots pine (Pinus sylvestris) in
space and time above the present pine
treeline was used to reconstruct the past
distribution of pine forest and minimum
shift in mean July temperatures in Finnish
Lapland during the last 8300 years. The
reconstruction is based on spatially detailed
data of present forest line location,
topography and present climatic
parameters. The GIS-based approach was
used to create a model that predicts forest
line location using climatic parameters
(Mikkola and Virtanen, manuscript).
Glacio-isostatic land uplift and its regional
differences were taken into account while
reconstructing the mean July temperatures.

which has to be taken into account when
estimating the reliability of the results or the
interpretation. Based on the date obtained
from terrestrial macrofossils (Hela-495,
10 035 ± 115 yr BP, 11 440 cal. yr BP) the
sediment sequence covers the entire
Holocene.

4.1.1 Pollen and macrofossil record

Fig. 3 shows selected taxa of the pollen
and macrofossils results. For detailed results,
see paper I. The pollen stratigraphy of the
Lake Mezhgornoe is divided into four zones
that are also used for plant macrofossil zo-
nation.

PoM I: 325 – 275 cm. (10 000 – 9600 yr
BP; 11 500– 10 900 cal. yr BP): The pollen
zone is characterized by high Betula and
nonarboreal pollen percentages. Pollen ac-
cumulation rates (PAR) are low. Betula
seeds are found representing both tree and
dwarf birch types. Mosses and Carex are
abundant in plant macrofossils.

PoM II: 275 – 225 cm. (9600 – 9000 yr
BP; 10 900 – 10 000 cal. yr BP): Betula and
Gramineae dominate pollen percentages.
The proportion of conifer pollen is still low.
The first stoma of Larix appears at 260 cm,
the first needle of Abies at 240 cm and the
first needle of Picea at 230 cm. Aquatic
plants are abundant in plant macrofossil
taxa.

PoM III: 225 – 100 cm. (9000 – 4500 yr
BP; 10 000 – 5000 cal. yr BP): The zone is
characterized by high percentages of Betula
and Picea and maximum in total PAR. Coni-
fer stomata, needles and bark are found in
most of the samples.

PoM IV: 100 – 0 cm. (4500 yr BP –
present; 5000 cal. yr BP – present): Betula,
Picea and Pinus dominate the pollen per-
centages. The proportion of Pinus rises at
the lower boundary of the zone. The Picea
PAR values decrease gradually. Stomata of
Larix are common in this zone. The last sto-
mata of Picea are found at 40 cm. Remains
of conifers in macrofossil taxa are found in
only one sample.

4. RESULTS

4.1 ALPINE TREELINE AT USA

BASIN, NE EUROPEAN RUSSIA

(PAPER I)

A total of six radiocarbon dates for Lake
Mezhgornoe were obtained, five of them
from bulk sediment and one from terrestrial
macrofossils. Parallel dates from bulk sedi-
ment and terrestrial macrofossil determined
from the lowermost core show a 1200 year
difference. Date from the surface bulk sedi-
ment gave an age of 980 ± 65 yr BP. If the
‘bomb’ effect (Levin et al., 1985; Manning
et al., 1990) is taken into account the sur-
face sediment appears to be ca. 1800 years
too old. It is probable that the hardwater ef-
fect caused by the local bedrock is the rea-
son for the problematic 14C dates. The dates
were reassessed assuming that the hardwater
effect was during the early Holocene ca.
1200 years and subsequently ca. 1800 years.
However, most probably the hardwater ef-
fect has varied through time (cf. Barnekow
et al., 1998; Paus, 2000). Therefore, the
dates from Lake Mezhgornoe are tentative,
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Fig. 3. Combined diagram showing selected taxa of pollen and macrofossil results from
Lake Mezhgornoe at alpine treeline, north-eastern European Russia.

4.1.2 Cladoceran record

The number of Cladoceran remains in the
lowermost core (300 – 325) was so small
that reliable percentage calculations were
not possible. The rest of the sequence was
divided into four faunal assemblage zones.

ClM I: 292.5-242.5 cm. (9800 – 9300 yr
BP; 11 100 – 10 500 cal. yr BP): Littoral
fauna dominates. Bosmina longirostris has
its maximum and Daphnia increases.
Bosmina (Eubosmina) appears.

ClM II: 242.5-182.5 cm. (9300 - 7800 yr
BP; 10 500 – 8700 cal. yr BP): Bosmina
(Eubosmina) have its maximum in this zone.
Daphnia decreases and Leydigia leydigi and
Alona affinis increase.

ClM III: 182.5-32.5 cm. (7800 - 1400 yr
BP; 8700 - 1500 cal. yr BP): Alona affinis
becomes dominant. Chydorus sphaericus s.l.
decreases and Leydigia leydigi disappears.
Bosmina (Eubosmina) is the dominant
planktonic taxon and has a minimum at 165
– 75 cm.

ClM IV: 32.5-2.5 cm. (1400 yr BP –
present; 1500 cal. yr BP – present): At the

lower boundary of the zone, Acroperus
harpae increases and Alona affinis de-
creases.

4.1.3 Diatom record

Three diatom assemblage zones (DiM I
– DiM III) were distinguished based on the
observed changes in species assemblages.

DiM I: 320-290 cm. (10 000 – 9800 yr
BP; 11 400 – 11 100 cal. yr BP): The zone
is characterized by low diatom concentra-
tion and the presence of taxa that may have
terrestrial origin (e.g. Pinnularia ignobilis
and Diatoma vulgare) as well as many bro-
ken diatom frustules. Fragilaria dominates.

DiM II: 290-170 cm. (9800 – 7400 yr BP;
11 100 – 8300 cal. yr BP): Taxa of possible
terrestrial origin disappear. Several
Fragilaria taxa dominate the zone and Na-
vicula submuralis has its maximum during
this zone.

DiM III: 170-0 cm. (7400 yr BP – present;
8300 cal. yr BP – present): The sharp in-
crease in the relative abundance of F.
elliptica and F. pseudoconstruens and the
decline in F. pinnata and F. brevistriata are
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the main features of the zone. Navicula
minima, N. seminulum and N. radiosa in-
crease.

4.1.4 Supplementary pollen record from

Vangyr Mire

The pollen assemblages from Vangyr
Mire were divided into three zones (VM I –
VM III)

VM I: 400 – 262.5 cm. (8000 – 5600 yr
BP; 8700 – 6300 cal. yr BP): The zone is
characterized by high percentages of Picea
pollen, typically ca. 30 - 50%. Betula pol-
len has an average percentage of 50%
throughout the peat section.

VM II: 262.5 – 117.5 cm. (5600 – 2600
yr BP; 6300 – 2700 cal. yr BP): Percent-
ages of Picea (average ca. 25%) are slightly
lower than in the previous zone. Abies is
present in most of the samples in small quan-
tities. Pollen of Larix is found in six sam-
ples.

VM III: 117.5 – 0 cm. (2600 yr BP -
present; 2700 cal. yr BP - present): The
lower boundary of this zone is defined by
an increase in Pinus and Abies. The propor-

tion of Picea within the zone is ca. 20%.
Larix is present in most of the samples.

4.2 ARCTIC TREELINE AT USA

BASIN, NE EUROPEAN RUSSIA

(PAPER II)

4.2.1 Pollen and macrofossil record

from Lake Tumbulovaty

The sediment sequence of 2.8 m covers
the entire Holocene. The pollen and
macrofossil assemblages were divided into
five zones (Tum I – Tum V). The diagram
showing pollen percentages of selected taxa,
pollen accumulation rates of Picea and
Betula and presence of stomata and arbo-
real plant macrofossils is presented in Fig.
4. For detailed results see paper II.

Tum I: 280 - 230 cm. (9700 – 8300 yr
BP; 11 200 – 9300 cal. yr BP):  High Betula
and Cyperaceae percentages dominate pol-
len taxa. Picea pollen percentages increase
gradually from less than 5 % towards ca.
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20% during this zone. Salix and Juniperus
are abundant. Remains of both tree and
shrub types of Betula are dominant in plant
macrofossils. The first sign of conifer (uni-
dentified) appears in the macrofossil record
at 10 200 cal. yr BP cm and the first stoma
of Picea appears at 9600 cal. yr BP.

Tum II: 230 – 135 cm. (8300 – 5500 yr
BP; 9300 – 6300 cal. yr BP):  The highest
pollen percentages and accumulation rates
of Picea occur in this zone showing slightly
lower values at the upper part of the zone.
Stomata or needles of Picea are found
through the entire zone. Pollen of Typha
latifolia is found at 180 cm and Typha seeds
are found at 210 – 180 cm.

Tum III: 135 – 95 cm. (5500 – 2900 yr
BP; 6300 – 3100 cal. yr BP):  Betula domi-
nates and the relative proportion of Picea
decreases in the pollen spectra. Continuous
record of Artemisia begins. Pieces of Picea
needles are present in a few samples. Re-
mains of Betula are present in the
macrofossil record, but in smaller quanti-
ties than in Tum II.

Tum IV: 95-35 cm. (2900 – 1000 yr BP;
3100 – 1000 cal. yr BP):  Proportion of
Pinus pollen rises in this zone. The percent-
ages of the non-arboreal pollen (NAP) are
high. In the macrofossil record, remains of
conifers are found at 90 cm and at 50 cm.
Between 85 and 75 cm macrofossils are
scarce. At the same depth the minimum PAR
values are found.

Tum V: 35-0 cm. (1000 yr BP– present;
1000 cal. yr BP – present): Pinus pollen
percentages decrease. The proportion of
NAP is ca. 30%. PAR values of Betula and
Picea show slightly higher values compared
to Tum IV.

4.2.2 Macrofossil record from

Khosedayu peat sites

The basal dates from three peat deposits
are 9260 yr BP (10 400 cal. yr BP), 8010 yr
BP (9000 cal. yr BP) and 5710 yr BP (6500
cal. yr BP). The plant macrofossil
stratigraphy of the Khoseday palsa mire was

divided into four zones (KhPa 0 – KhPa C).
For detailed results, see paper II.

KhPa 0: >190 cm. (>5700 yr BP; > 6500
cal. yr BP): Macrofossils are few, mainly
composed of Equisetum and Cyperaceae.
The decomposition degree is high. Sphag-
num and samaras of an unidentified type of
Betula are found. Charcoal is regularly
present in small amounts.

KhPa A: 190-110 cm. (5700 - 5100 yr BP;
6500 – 5900 cal. yr BP): Macrofossil abun-
dance increases. In the lowermost layers the
remains are almost entirely decomposed,
while later in the zone they are relatively
well preserved. Among mosses, Polytrichum
Aulacomnium, Pleurozium, Sphagnum
squarrosum, Calliergon s.l. (cf.
Sarmentypnum) Polytrichum cf. commune,
Calliergon cordifolium and S. teres are
found. Some charcoal particles are present.
Betula remains are abundant from the be-
ginning of the zone; the tree type dominates.
Up to 15 Picea needles per sample are found.
Remains of Carex and Equisetum are regu-
larly encountered.

KhPa B: 110-20 cm (5100 - 4500 yr BP;
5900 - 5100 cal. yr BP): The material is
moderately decomposed. Macrofossil abun-
dance is particularly high at the 45-30 cm
level but low above this. The moss species
found are: Sphagnum riparium, S. balticum,
S. annulatum, S. subsecundum Warnstorfia
fluitans, W. procera, and Calliergon
stramineum. Scheuchzeria is present from
the beginning of the zone, but it is especially
abundant at 90-75 cm being subsequently
mostly absent. The uppermost needles of
Picea are encountered in the lower part of
the zone. Betula remains are common; some
pieces of them are recognised as belonging
to the tree type (B. pubescens).

KhPa C: 20-0 cm (<<4500 yr BP; <<
5100 cal. yr BP):  In the lower half of the
zone, peat is highly humified and composed
mainly of unidentified organic material
(d”50%), roots of Cyperaceae and shrubs.
Some wood and bark is present, and a few
leaves of Polytrichum and Sphagnum, pieces
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of Eriophorum epidermia and fungal scle-
rotia are found. The second half is well de-
composed, but macrofossil abundance is
greater than lower in the zone. The peat is
mainly formed by roots of shrubs. Leaves
and other remains of Ledum sp., Andromeda,
Vaccinium, and Betula nana are also com-
mon. Among mosses, Polytrichum strictum,
Dicranum elongatum, and Pleurozium sp.
are found.

4.3 NORTHERN TAIGA ZONE AT

USA BASIN, NE EUROPEAN RUSSIA

(PAPER III)

4.3.1 Pollen record

The pollen stratigraphy from Lake
Vankavad (Fig. 5) is divided into two zones
(VanP1 and VanP2).

Van P1: 220 – 115 cm. (5000 – 3400 yr
BP; 5700 – 3600 cal. yr BP):  Betula domi-
nates and Picea is abundant. Polypodiaceae
has a remarkable maximum at the lowermost

sample. The pollen accumulation rates are
high (Betula up to 10 000, Picea up to 7000,
and total accumulation rate ca. 20 000 grains
cm-1 yr-1) between 220 and 180 cm.

Van P2: 115 – 0 cm. (3400 yr BP –
present; 3600 cal. yr BP – present):  The
relative proportion of Pinus rises to over 10
% at the lower boundary of the zone. Sphag-
num is common at the same time as the
maxima of Pinus (90-20 cm).

4.3.2 Plant macrofossil record

Plant macrofossil stratigraphy was di-
vided into two zones (Van M1 and Van M2).

Van M1: 220 – 175 cm. (5000 – 4600 yr
BP; 5700 – 5400 cal. yr BP): Remains of
Betula, Picea, Carex and aquatic plants are
very abundant in this zone.

Van M2: 175 -10 cm. (4600 – 300 yr BP;
5400 – 300 cal. yr BP): Remains of Betula
and Picea are present in all samples but
smaller quantities than in Van M1. Aquat-
ics are present sporadically.
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4.3.3 Cladoceran record

Three faunal assemblage zones (Van C1
– Van C3) were determined.

Van C1: 210 - 180 cm. (4900 – 4700 yr
BP; 5600 – 5500 cal. yr BP):  Littoral
Cladocera are dominant. Daphnia,
Eubosmina and Simocephalus are present
with very low values. The dominating litto-
ral forms are Chydorus sphaericus type,
Alona affinis, Camptocercus fennicus,
Acroperus harpae and Alona spp. Also e.g.
Alona affinis dentata and Kurzia latissima
are present.

Van C2: 180 - 130 cm. (4700 – 3700 yr
BP; 5500 – 4100 cal. yr BP): Daphnia and
Bosmina (Eubosmina) increase to ca. 5%.
Chaoborus mandibles are found in this zone.
Chydorus sphaericus and Alona affinis are
abundant.

Van C3: 130 -2.5 cm. (3100 yr BP –
present; 3300 cal. yr BP - present):  The
beginning of the zone is characterized by a
dramatic rise in Eubosmina, from ca. 5 %
to 90 %. Daphnia almost disappears. Alona
affinis and Chydorus sphaericus dominate
littoral fauna but also Eurycercus sp. and
Alona quadrangularis are abundant.

4.3.4 Diatom record

Four major diatom assemblage zones
(Van D1 – Van D4) were identified.

Van D1: 200 – 140 cm. (4800 – 3900 yr
BP; 5600 – 4400 cal. yr BP):  Small benthic
Fragilaria taxa and Tabellaria flocculosa
dominate the zone. The total diatom con-
centration is the lowest in this zone. Dia-
tom species richness gradually increases by
the end of the zone.

Van D2: 140 – 100 cm. (3900 – 2900 yr
BP; 4400 – 3200 cal. yr BP):  This zone is
characterized by a sharp peak in Aulacoseira
lirata v. lirata, increase in A. perglabra and
A. lirata v. alpegina and almost total disap-
pearance of Tabellaria flocculosa. The total
diatom concentration increases by the end
of the zone.

Van D3: 100 – 4 cm. (2900 yr BP – ca.
1930 AD; 3200 cal. yr BP – ca. 1930 AD):
Fragilaria brevistriata v. brevistriata, F.
construens v. venter and F. pinnata v. pinnata
are dominant. Aulacoseira spp. stays rela-
tively abundant. A short peak of planktonic
Cyclotella stelligera occurs at 80 cm.

Van D4: 4-0 cm. (ca. 1930 AD – 1998
AD): The major feature of this zone is the
appearance of planktonic Asterionella
formosa together with total disappearance
of the Aulacoseira lirata v. lirata and A.
perlabra and increase in Tabellaria
flocculosa.

4.4 PAST SHIFTS IN THE SCOTS

PINE TREELINE AND CLIMATE IN

FINNISH LAPLAND (PAPER IV)

The oldest pollen evidence of pine above
the present pine treeline, interpreted from
lake sediment of Skaidejavri (present (1961-
90) mean July temperature 12.1 ºC), is dated
to 8700 cal. yr BP (Seppä, 1996). Pollen and
stomata record of pine presence from Lake
Toskaljavri (present mean July temperature
9.2 ºC) spans from 8300 to 4000 cal. yr BP
(Seppä et al., 2002) and Mukkavaara record
(present mean July temperature 10.4 ºC)
continues until 3800 cal. yr BP (Eronen and
Hyvärinen, 1982). Most of the megafossil
pine samples from above the present treeline
are dated to before 4000 cal. yr BP. The
number of dated megafossil samples de-
creases towards 3000 cal. yr BP. Läntinen
Ladnajärvi record (present mean July tem-
perature 11.1 ºC) continues until 3550 cal.
yr BP and Vallijärvi 1 (present mean July
temperature 11.2 ºC) until 1315 cal. yr BP,
having a gap between 2641 and 1721 cal. yr
BP. The record between 1721 and 1315 cal.
yr BP is based on only one single pine
megafossil. Termisjärvi record (present
mean July temperature 11.6ºC) continues
until 752 cal. yr BP and Näkkälä 1 record
until 729 cal. yr BP. No evidence of wider
distribution of pine exists either between
2537 and 1721 cal. yr BP or after 729 cal. yr
BP. Late Holocene sample maximum of pine
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megafossils is between 1000 and 800 cal.
yr BP.

4.4.1 Past shift in mean July

temperatures

Fig. 6 shows the reconstructed shifts in
past mean July temperatures. Land uplift
adjusted temperature reconstruction implies
that pine occurrence between 8300 and 4000
cal. yr BP in the Toskaljavri region would
require ca. 2.6 ºC higher mean July tempera-
tures than at present. Temperatures recon-
structed for ca. 3000 and 1000 cal. yr BP
are ca. +1 ºC and +0.6 ºC higher compared
to present mean July temperatures. The Lit-
tle Ice Age has been considered to be colder
compared to present on the basis of a recent
upward shift on pine tree-limit in sub-alpine
areas.

4.4.2 Past distribution of the pine

The past pine distribution, inferred on the
basis of reconstructed temperatures shows
a significantly more extensive area for the
early to middle Holocene (Fig. 7). During
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Fig. 6. The reconstructed minimum shift in
mean July temperatures between 8300 cal.
yr BP and present in Finnish Lapland with
elevation adjusted for land uplift.

then ca. 13 000 km2 of presently unforested
land area in Finnish Lapland (13 900 km2)
was occupied by pine. During the gradual
withdrawal of pine forest ca. 3000 cal. yr
BP the modelled distribution is still ca. 10
500 km2 wider than the present distribution
of pine. At 1000 cal. yr BP, ca. 7000 km2

more extensive distribution area of pine is
inferred. During the Little Ice Age, the
forested area was most likely smaller than
at present on the basis of new young stands
at the sub-alpine treeline (Hustich, 1958).

Fig. 7. The reconstructed distribution of pine in Finnish Lapland during 6000 cal. yr BP,
3000 cal. yr BP and 1000 cal. yr BP.
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5. DISCUSSION

5.1 TREELINE HISTORY

5.1.1 The Usa basin

Fig. 8 shows a comparison of inferred
vegetation histories between different study
sites in the Usa basin. Birch was the first
arboreal species which migrated both to the
present alpine (11 500 cal. yr BP) and arctic
treeline (11 200 cal. yr BP) in the Usa ba-
sin, being present at the onset of the
Holocene when it probably formed the
treeline (Paper I; Paper II). These finds are
somewhat older than evidence of tree birch
in previous studies. The oldest mega-fossil
of tree birch in Low Pechora has been dated
to ca. 10 600 cal. yr BP (9440 yr BP)
(Kremenetski et al., 1998) and the same date
was achieved from Rogovaya River peat site
(Oksanen et al., 2001).

At the alpine treeline, according to sto-
mata and needle evidence, birch was fol-
lowed first by larch, then by Siberian fir and
last by spruce (Paper I). Spruce immigrated
to the present arctic treeline belt at ca. 9600
cal. yr BP at the latest but probably as early
as 10 200 cal. yr BP and to the present al-
pine treeline zone ca. 10 500 cal. yr BP (Pa-
per II). However, the pollen proportions of
Picea support sporadic rather than dense
presence of spruce. Stomata finds from the
Ortino area, east of the Pechora Delta, indi-
cate spruce expansion around 10 200 cal. yr
BP (Kaakinen and Eronen, 2000). The age
of the oldest dated megafossil of spruce in
the Bol´shezemel´skaya Tundra is 9500 cal.
yr BP (8560 yr BP) (Kremenetski et al. 1998,
McDonald et al., 2000b). The records from
Lake Mezhgornoe and Lake Tumbulovaty
suggest a time lag of 300 - 900 years be-
tween the first scattered spruces and closed
mixed spruce forests (Paper I; Paper II).
Similar phenomena concerning pine was
recorded from Abisko, northern Sweden,
suggesting 2200 year time lag (Barnekow,

1999), from the Kola Peninsula suggesting
ca. 1000 year time lag (Gervais et al., 2000),
and from northern Norway (Jensen et al.,
2002) suggesting 1000 – 500 year time lag
between the first macrofossils and increased
pollen accumulations. Several reasons for
the ‘delayed’ closed forest phase can be pro-
posed such as climate, seedling conditions,
and a still poorly develop soil profile.

On the basis of the pollen percentages and
the accumulation rates, the phase of maxi-
mum density of mixed spruce-birch forest
prevailed at the present arctic treeline area
between 9300 and 6400 cal. yr BP (Paper
II). The results suggest that the local with-
drawal of this forest occurred at ca. 5100
cal. yr BP. Spruce was at least sporadically
present at the vicinity of Lake Tumbulovaty
until 3200 cal. yr BP; the vegetation at that
time resembled probably the present day
southern part of the forest-tundra zone. The
lack of plant macrofossils and very low ar-
boreal PAR values between 2900 and 2100
cal. yr BP suggest the lowest tree density in
the surrounding areas during the Holocene.
The present day situation with scattered
spruce stands in the forest-tundra was es-
tablished after 900 cal. yr BP.

Pollen evidence of present alpine treeline
suggests maximum density of mixed moun-
tain taiga between 10 000 and 6300 cal. yr
BP, when the prevailing vegetation most
probably resembled the present vegetation
in the Vangyr River valley (Paper I). Inferred
withdrawal of mixed spruce forest from the
present alpine treeline can be seen in the
pollen record as decreased proportion and
PAR of Picea at ca. 6300 – 5100 cal. yr BP.
However, the exact timing of the withdrawal
is difficult to establish due to uncertainties
of the age-depth model. Furthermore, the
Vangyr Mire records indicate gradual down-
ward shift in vegetation belts since ca. 6300
cal. yr BP. The reduced proportion of spruce,
increased percentages of Siberian fir, and the
first finds of larch suggest that the forest
zones moved downwards on the nearby
mountain slopes. The raised proportion of
Siberian fir and larch indicates a further
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different vegetation zones in north-eastern European Russia.

downwards shift of the forest zones at ca.
2700 cal. yr BP. Probably some individuals
of both genera were mixed within spruce
and birch forest in the valley bottom, as to-
day. The present-day situation, where larch
is the dominant tree species at Mezhgornoe
catchment and the forest around Vangyr
Mire is characterized by spruce, birch, Si-
berian fir and larch, was established during
the Late Holocene.

The withdrawal of the mixed conifer for-
est at ca. 5700 cal. yr BP was also detected
in the Ortino area from the Pechora lowland
(Väliranta et al., 2003) with the second
phase of the withdrawal of the remaining
forest at ca. 3200 cal. yr BP (Kaakinen and
Eronen, 2000; Väliranta et al., 2003). In the

Kola Peninsula, north-western Russia, as
well as in other parts of Fennoscandia, the
withdrawal of mixed conifer forest has been
dated to start ca. 6800 – 4000 cal. yr BP (e.g.
Hyvärinen, 1975; Davydova and Servant-
Vildary; 1996, Seppä, 1996; Kremenetski et
al., 1997; Barnekow, 1999; MacDonald et
al., 2000a; Snyder et al., 2000; Gervais et
al., 2002; Seppä et al., 2002).

According to the pollen evidence from
Lake Vankavad, the composition of the for-
est has remained approximately the same
since the lake was formed (Paper III). The
high accumulation rate of pollen and plant
macrofossils at the lowermost part of the
core might reflect dense mixed forest at the
vicinity of the lake that presently is mostly
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surrounded by mires. The PAR values, how-
ever, are so high that they hardly reflect re-
gional annual pollen influx. This high pol-
len accumulation rate is simultaneous with
high sedimentation rate and high plant
macrofossil density.
The Late Holocene increase in Pinus pollen
percentages can be seen in all sites studied
(Paper I; Paper II; Paper III). Presently, pine
grows mainly around mires and in some
locations at sandy soils near the Usa and
Pechora rivers. The increased Pinus pollen
percentages together with increased spores
of Sphagnum most probably indicate
increased paludification in the surrounding
area after ca. 3000 cal. yr BP. The
possibility that it reflects a decrease in
spruce-birch forest density cannot be
excluded, however.

5.1.2 Finnish Lapland

In Finnish Lapland, studies focusing on
the regions located beyond the present pine
forest line are mainly concentrated in the
Enontekiö region. In pollen and stomata
based studies, the pine migration to Finnish
Lapland has been detected to have occurred
ca. 9000 – 8000 cal. yr BP (e.g. Hyvärinen,
1975; Seppä, 1996). According to modelled
distribution of pine, it colonized 95 % of
presently unforested areas in Finnish
Lapland between ca. 8300 and 4000 cal. yr
BP (Paper IV). It is likely that the withdrawal
of pine was gradual; it has been interpreted
to have started ca. 6000 cal. yr BP continu-
ing to the present (Hyvärinen, 1975, 1976;
Seppä, 1996). Modelled distribution of pine
suggests that even at 3000 cal. yr BP, ca. 75
% of presently unforested areas were occu-
pied by pine forests (Paper IV). On the
grounds of the available evidence, it remains
unclear if the pine forest line was beyond
its present location between 2500 and 1700
cal. yr BP (Paper IV).

The pollen based evidence from the Kola
Peninsula (Solovieva and Jones, 2002) sug-
gests the maximum extent of pine ca. 8000
– 4200 cal. yr BP. Combined pollen and sto-

mata evidence indicate pine presence be-
yond the present pine forest line between
9000 and 2800 cal. yr BP (Gervais et al.,
2002). Pollen accumulation rates, however,
indicate that the maximum pine frequency
was before ca. 6800 cal. yr BP, after which
the density of pine forest in the Kola Penin-
sula decreased until 2500 cal. yr BP when
the present pine distribution was established
(Gervais et al., 2002). Pine megafossils
found from the lakes beyond the present pine
treeline in the Kola Peninsula indicate a
more extensive distribution pattern of pine
at ca 7500 – 3700 cal. yr BP and ca. 1300
cal. yr BP onwards (MacDonald et al.,
2000a; Hiller et al., 2001). Evidence from
the Central Murman Coast indicates pine
presence between 8000 and 6000 cal. yr BP
(Snyder et al., 2000). Studies from the
Abisko area, northernmost Sweden, suggest
pine presence above its current distribution
probably as early as 9500 – 9100 cal. yr BP
(Kullman, 1999) and 8500 cal. yr BP
(Barnekow, 2000), but according to the pol-
len accumulation rates and plant macrofossil
evidence, it took almost 2000 years before
a phase of closed forest was achieved
(Barnekow, 2000). The phase of the maxi-
mum extent of pine in the Abisko area was
ca. 6300 – 4500 cal. yr BP (Barnekow,
1999). The altitudinal retreat of the upper
limit of pine in the Abisko area, northern
Sweden, has been found to occur at differ-
ent elevations at 5200, 4500 and 3400 cal.
yr BP (Barnekow, 1999).

Between 1850 and 720 cal. yr BP,
megafossils of pine have been found again
in Finnish Lapland beyond the present pine
treeline, corresponding to ca. 7200 km2

wider distribution (Paper IV). At the same
time, presence of pine has been detected ca.
100 m above the current pine limit in Swe-
den (Kullman, 1998) and 100 – 140 m above
in the Kola Peninsula (Hiller et al., 2001).
The same pattern at the upper larch (Larix
sibirica) timberline on the Eastern side of
the Ural Mountains is found; from ca. 1000
cal. yr BP to ca. 600 cal. yr BP numerous
megafossils have been found from above the



21

present tree limit (Shiyatov, 1993). In Lake
Tumbulovaty record a subtle rise in pollen
accumulation rates of Picea and Betula at
ca. 1000 cal. yr BP might be a signal of in-
creased density of these trees in the area
(Paper II). This is corroborated with a si-
multaneous date of woody fragments from
a presently unforested site in Khosedayu
(Rusanova and Kuhry, 2003). The conifer
limit during the Medieval Warm Period ap-
pears to have been well above the present
conifer limit in extensive areas in
Fennoscandia and Russia. The Little Ice Age
in Finnish Lapland can be seen as a gap be-
tween the last subfossil samples beyond the
present pine treeline and the new young pine
stands above the present mature forest line
(Paper IV). The absence of observations in-
dicates that the pine forest line situated ei-
ther close to the present treeline or, in some
cases, south of its present position. Similar
depression of treeline can be seen in the Kola
Penisula (Hiller et al., 2001), Northern Scan-
dinavia (Kullman, 2001) and the Ural Moun-
tains (Shiyatov, 1993).

5.1.3 Correlation between the Usa basin

and Finnish Lapland

The forest line expansion seems to be
time-transgressive across northern Eurasia.
The earliest dates for subfossil trees (up to
16 200 14C yr BP for larch) found beyond
the present treeline are from Siberia
(Kremenetski et al., 1998; MacDonald et al.,
2000b). East European Russia shows forest
expansion ca. 10 000 cal. yr BP (Paper I;
Paper II), whereas in Fennoscandia the ear-
liest dates are found ca. 1000 years later
(Hyvärinen, 1975). A similar pattern is found
in the western Arctic; the Holocene thermal
maximum occurred much earlier in north-
west North America than in north-eastern
Canada (Kaufman et al., in press). The de-
layed pine expansion in north-western
Fennoscandia can be explained by late
deglaciation of the area. In northern Russia
some stands of trees may have survived in
late Pleistocene tundra and that would have
enabled the fast dispersion of trees. The late
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pine advance in Fennoscandia is also ex-
plained by moist conditions during the on-
set of the Holocene, which resulted in unfa-
vourable conditions for pine growth (Seppä
and Hammarlund, 2000). One possible ex-
planation is that the early Holocene climate
amelioration occurred in eastern parts of
northern Europe earlier than in western
parts.

There is discrepancy between initiation
of withdrawal of mixed forests in the Usa
basin and altitudinal expansion of pine for-
est in the Abisko area at ca. 6300 cal. yr BP
(Barnekow, 1999).  This is explained by
strong westerlies before 6300 cal. yr BP that
resulted too high precipitation for pine in
the Abisko area (Seppä and Hammarlund,
2000) and high winter precipitation and late-
melting snow (Hammarlund et al., 2002).
However, according to Barnekow (2000) the
altitudinal expansion of pine has been time-
transgressive and earlier dates for pine im-
migration were detected from the same area
at lower altitudes. In addition, the studies
from northern Finland (e.g. Hyvärinen and
Alhonen, 1994; Eronen et al., 1999;
Sarmaja-Korjonen and Hyvärinen, 1999;
Väliranta et al., submitted) show evidence
of a dryer climate as early as ca. 8800 cal.
yr BP. The other possible explanation could
be that there has been cooling in eastern parts
of European Arctic and warming in western
parts.

In the Usa basin record, the pollen per-
centages of Picea gradually decrease from
ca. 7000 cal. yr BP towards the present,
whereas percentages of Pinus increase from
the middle Holocene towards the present
(Fig. 9, Paper I; Paper II; Paper III) to the
contrary to typical pollen stratigraphy in
Fennoscandia (e.g. Hyvärinen, 1975; Seppä,
1996; Barnekow, 1999; 2000; Mäkelä and
Hyvärinen, 2000; Snyder et al., 2000). In
pollen stratigraphy of northern
Fennoscandia Picea is present in minor
quantities, typically less than five percent,
appearing sporadically during the early
Holocene and continuously from ca. 3800 -
3500 cal. yr BP with increasing percentages

towards present (Hyvärinen, 1975; Mäkelä
and Hyvärinen, 2000). In northern
Fennoscandia Pinus, instead, dominate the
pollen stratigraphy, typically showing per-
centages over 40 %. Beyond the pine treeline
the percentages, and especially PAR of
Pinus, decrease gradually from ca. 8000 –
6000 cal. yr BP towards present (Hyvärinen,
1975; Seppä, 1996; Barnekow, 2000;
Mäkelä and Hyvärinen, 2000).  In the Usa
basin the deterioration of the climate is re-
flected by increase in Pinus and decrease in
Picea pollen percentages, whereas in Finn-
ish Lapland it is reflected by decrease in
Pinus and increase of Picea pollen percent-
ages. This can be explained by different
hydrological soil properties of the study
sites. In the northern Usa basin pine is the
most prominent (but still rare) in marginal
areas of mires, but also in sandy shores of
rivers, and on hummocks, whereas in Finn-
ish Lapland it grows on widely distributed
till deposits as well as on peat deposits. In
Finnish Lapland spruce usually grows on
moist tills that have low permeability, espe-
cially at the Greenstone Belt in central
Lapland (Sutinen et al., 2002). At present,
spatial variations of pine and spruce within
the forest line are due to properties of the
underlying soil (Sutinen et al., 2002). There-
fore, the increase in Pinus in the Usa basin
and Picea in northern Fennoscandia towards
the present during the late Holocene reflects
changes in hydrology rather than in tempera-
ture.

5.2 CLIMATE HISTORY

5.2.1 The Usa basin

The onset of the Holocene appears to
have been at least as warm as today on the
basis of tree-birch presence at higher alti-
tudes (Paper I) and at the same latitudes (Pa-
per II) as its present distribution. On the basis
of the modern climate and forest zones, sum-
mer temperatures must have been at least 2
°C higher between ca. 10 500 – 10 000 and
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5200 cal. yr BP. The increased amounts of
mountain species (larch and Siberian fir) in
the Lake Mezhgornoe record after 7800 BP
suggest, however, that between 10 000 and
7800 cal. yr BP summer temperatures were
slightly higher than  between 7800 and 5200
cal. yr BP (Paper I).

The presence of Typha latifolia (seeds and
pollen) in Lake Tumbulovaty at ca. 8800 –
8000 cal. yr BP indicates an early Holocene
thermal maximum (Paper II). Typha latifolia
has also been found from the western
Pechora Basin (Paus, 2000). Those finds
were dated to > 10 000 – 9360 cal. yr BP
(Paus, 2000). Andreev et al. (2001) found
pollen of Typha latifolia from the Yugorski
Peninsula (north east of Lake Tumbulovaty)
from lake sediment and they proposed an
age of 6800 – 6300 cal. yr BP for this par-
ticular stratigraphic layer. At the current dis-
tribution limit of Typha latifolia, summer
temperatures are ca.  3 - 4 °C degrees higher
than at Lake Tumbulovaty. The more north-
ern distribution of Typha latifolia in the early
and middle Holocene ca. 10 000 – 6300 cal.
yr BP suggests that summer temperatures
in north-eastern European Russia have been
clearly warmer than at present. This assump-
tion is, however, based only on one species
and is, therefore, questionable. Scheuchzeria
palustris was present in the Khoseday record
until 5100 cal. yr BP. The present southern
border of permafrost is found ca. 100 km
south of the study area, and the present
northern distribution limit of Scheuchzeria
palustris follows approximately the same
latitude (Tolmachev, 1974). This suggests
ca. 2 ºC higher mean annual temperatures
in the study area until 5100 cal yr BP.

Paus et al. (2003) suggest that regional
thermal maximum at the Timan ridge was
during the early Holocene, before 8200 cal.
yr BP. The maximum density in tree birch
megafossils in the Barents Sea coast occurs
between ca. 10 200 and 8900 cal. yr BP
(MacDonald et al., 2000b). Based on the tree
megafossils, MacDonald et al. (2000b) sug-
gest that summer temperatures have been
up to 4 °C higher between ca. 10 000 and

4500 cal. yr BP and this is well in accord-
ance with the results of this study.

Two cooling phases have been detected
from the present data: the first at ca. 6300 -
5500 cal. yr BP and the second at ca. 3000
cal. yr BP (Paper I; Paper II). These cooling
phases are corroborated by permafrost
aggradation in the region during these peri-
ods (Oksanen et al., 2001; Väliranta et al.
2003; Oksanen et al. submitted). Accord-
ing to peat studies, permafrost-free condi-
tions prevailed in the Khosedayu area at least
until ca. 5100 cal. yr BP. The first recorded
Holocene permafrost aggradation in north-
eastern European Russia took place at 5500
cal. yr BP at Ortino in the modern tundra
site (Väliranta et al. 2003). At ca. 3200-2900
cal. yr BP permafrost aggradation has de-
tected from tree sites (Oksanen et al. 2001;
Väliranta et al. 2003; Oksanen et al. in
press). In Lake Tumbulovaty (Paper II) the
lack of plant macrofossils, the minimum in
pollen accumulation rates of Picea and
Betula, and maximum in Pinus percentages
(probably reflecting diminishing pollen rain
for spruce and birch) propose that the low-
est temperatures have prevailed in the area
between 3100 and 1000 cal. yr BP, especially
between 2900 and 2100 cal. yr BP.

Subsequent warming during the Medi-
eval Warm Period is suggested by the reap-
pearance of conifer needle and birch remains
and subtle increase in Betula and Picea pol-
len accumulation rates in the Lake
Tumbulovaty record (Paper II). A woody
fragment was dated to ca. 1000 cal. yr BP in
the palaeosol site in Khosedayu where soil
formation ceased at ca. 3000 cal. yr BP
(Rusanova and Kuhry, 2003). The Little Ice
Age cold period cannot be distinguished
from the lake sediment record, whereas new
permafrost aggradation during this time has
been detected both from the Khosedayu (Pa-
per II) and from the Rogovaya area
(Oksanen et al., 2001).

Gradual increase in moisture conditions
can be seen in the Lake Mezhgornoe record
at the onset of the Holocene between ca. 10
500 and 10 000 cal. yr BP: Dominance of
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terrestrial mosses as well as presence of
possibly terrestrial diatom taxa suggests a
low lake-level or even a proximity of dry
land at the coring point until ca. 10 500 cal.
yr BP (Paper I). After this, the abundance of
aquatic plant macrofossils, and the disap-
pearance of terrestrial diatoms and domi-
nance of littoral species in the Cladoceran
taxa suggest a rising lake-level. Further rise
in lake-level is suggested by the disappear-
ance of aquatic plant remains and an increase
in planktonic Bosmina (Eubosmina) at ca.
10 000 cal. yr BP. After this, the decrease of
Eubosmina towards its minima (ca. 8300
cal. yr BP) can be an indication of a slightly
lower water level, but it is more likely the
result of an increase in littoral forms seen in
the basic sum of the percentage calculations.

The initiation of the Lake Vankavad sug-
gest reduced evapotranspiration and/or in-
creased precipitation from ca. 5600 cal. yr
BP (Paper III). This is corroborated by a si-
multaneous basal date obtained from Lake
Kharbei, north-east of Lake Vankavad. The
inferred decrease in forest density at the
present northernmost taiga zone (Lake
Vankavad) at ca. 5400 cal. yr BP, suggests
cooling in climate and/or increased
paludification caused by increased effective
moisture. A new phase of increase in effec-
tive moisture is interpreted from Vankavad
record at ca. 3900 cal. yr BP: In diatom
stratigraphy, meroplanktonic Aulacoseira
spp. increases at 4400 cal. yr BP and
Cladoceran fauna changes at 3900 cal. yr
BP from mainly littoral to planktonic (Pa-
per III). At the same time, the PAR and per-
centages of Pinus increase, probably reflect-
ing increased paludification. This further
increase in lake-level may also be due to
cooling of the climate and therefore de-
creased evaporation. Increase in Eubosmina
(Bosmina) in Lake Mezhgornoe record (Pa-
per I) coincides with the inferred lake-level
rise in Lake Vankavad. To conclude, records
from Lake Mezhgornoe and Lake Vankavad
suggest high effective moisture during the
early Holocene and increased effective
moisture again at middle to late Holocene.

A similar moisture pattern has also been
detected from Fennoscandia with moist
early Holocene, dryer middle Holocene cul-
minating at ca 6800 cal. yr BP and again
increasing moisture from ca. 5500 cal. yr
BP onwards (Hyvärinen and Alhonen, 1994;
Barnekow, 2000; Eronen et al., 1999; Seppä
and Hammarlund, 2000; Väliranta et al.,
submitted).

5.2.2 Finnish Lapland

The temperature reconstruction (Fig. 6)
for Finnish Lapland between 8300 and 4000
cal. yr BP indicates a mean July tempera-
tures at least 2.6 ºC higher than at present
(Paper IV). This is somewhat higher than
previous mean July temperature reconstruc-
tions from Finnish Lapland suggest (Fig. 10,
and references threrein). Since the recon-
struction between 8000 and 4000 cal. yr BP
is based on only one location (Lake
Toskaljavri, Seppä et al., 2002), the tempo-
ral variations during this time cannot be
reached with this method. The ascending
shape of the curves towards the present is
artificial due to temperature adjustment for
glacio-isostatic land uplift.  Reconstructed
temperatures from other proxies (Fig. 10;
Korhola et al., 2000; Seppä and Birks, 2001;
Korhola et al., 2002; Seppä et al., 2002;
Seppä and Birks, 2002) suggest the
Holocene thermal maximum at ca. 8000 –
6000 cal. yr BP. In the Abisko area, Swe-
den, estimated summer temperatures prior
to 4500 cal. yr BP are 1.5 – 2 ºC higher com-
pared to present, having an optimum at ca.
6500 cal. yr BP (Barnekow, 2000).There-
fore, it is presumable that the highest tem-
peratures have prevailed between 8000 and
6000 cal. yr BP, not at 4000 cal. yr BP as
the reconstruction (Fig. 6) shows.

After 4000 cal. yr BP, a sharp decrease
in subfossil pine sample frequency and site
frequency might reflect an abrupt change in
the growing conditions of pine, forced by
climate (Paper IV). However, the divergence
in the reconstructed onset dates of with-
drawal of pine forest between different sites
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Fig. 10. The mean July temperature anomalies from present in the reconstructions from
Finnish Lapland. Reconstructions from lake sediments (b, c, d, e and f) show deviations
from the mean of three uppermost samples. In reconstruction g non-overlapping 100-year
mean deviations from the 20th century are shown.

and regions suggests that climate cooling in
the Mid-Holocene has been gradual rather
than abrupt.

No megafossil evidence on a presence of
pine beyond the present forest line in Finn-
ish Lapland exists between 2537 and 1721
cal. yr BP (Paper IV). The lack of data does

not enable prediction of mean July tempera-
tures at that time. Nevertheless, there is in-
dication of climatic change during the first
millennia BC (Eronen et al., 1999; Oksanen,
2002; Oksanen, submitted). Permafrost
aggradation in northern Finland indicating
a cold environment has been observed in the
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palsa mires at ca. 2500 cal. yr BP (Oksanen,
submitted). Oksanen (2002) has interpreted
from the previously studied palsas the per-
mafrost aggradation to have occurred at ca.
2100 cal. yr BP in Faerdesmyra, Norway
(Vorren, 1972), and roughly at the same time
(late Sub-Boreal) appearance of permafrost
in the Kola Peninsula (P’yavchenko, 1955).
Permafrost aggradation has also been ob-
served in north-eastern European Russia
between 3400 and 1800 cal. yr BP (Oksanen
et al., 2001).

Between 1850 and 720 cal. yr BP, recon-
struction suggests 0.55 ºC higher mean July
temperatures than at present (Paper I). The
number of samples has a distinct maximum
between 1000 and 770 cal. yr BP in Finnish
Lapland. Similar results, suggesting ca. 0.6
- 0.8 ºC  higher temperatures during the
Medieval Warm Period have been achieved
from Sweden (Kullman, 1998), from the
Kola Peninsula (Hiller et al., 2001) and from
the Ural Mountains (Shiyatov, 1993). Sev-
eral studies consider the 20th century as the
warmest in the northern hemisphere during
the last millennium (Mann et al., 1999;
Crowley and Lowery, 2000) or the last two
millennia (Briffa, 2000). However, this
study suggests that climate during the Me-
dieval Warm Period was even warmer than
during the 20th century (Paper IV). Never-
theless, it has to be pointed out that the mi-
gration of the forest belt might show a sig-
nificant lag in response to warming or cool-
ing climate and, therefore, the current pine
forest line might not be in equilibrium with
temperatures, as it is assumed in reconstruc-
tion of this study. The recent altitudinal shift
of young pines suggests climate ameliora-
tion since the Little Ice Age. This is corrobo-
rated with a permafrost aggradation in
Utsjoki region that has been dated to 650
cal. yr BP (Oksanen, submitted).

5.2.3. Correlation between the Usa

basin and Finnish Lapland

The warm conditions that prevailed in
north-eastern European Russia at the onset

of the Holocene have not been observed in
Fennoscandia. The summer temperature re-
constructions from Fennoscandia suggest
that temperatures clearly warmer than at
present were not reached before ca. 9500 –
7800 cal. yr BP (e.g. Rosén et al., 2001;
Seppä and Birks, 2001; Seppä et al., 2002).
Instead, the highest summer temperatures
in the Usa basin appeared to prevail before
7800 cal. yr BP (Paper I; Paper II). This
study suggests that temperature difference
between the Holocene thermal maximum
and the present was ca. 1-2 ºC higher in
north-eastern European Russia than in north-
ern Fennoscandia. This can partly be ex-
plained by a higher continentality of north-
eastern European Russia during the early
Holocene, because of the relatively shallow
shelf of the Barents Sea coast. The paleodata
and global climate model (GCM) simula-
tion for 10 000 cal. yr PB suggest that warm-
ing occurred earlier in northern Eurasia than
land areas near North Atlantic (Cape Project
Members, 2001). This warming in GCM
simulation was achieved on the basis of
higher summer insolation and feedbacks of
vegetation expansion and reduced sea-ice.
Similar phenomena has been detected also
in GCM for future warming; some models
suggest that in present conditions the cli-
mate in north-eastern Europe is more sensi-
tive to predicted climate change compared
to Fennoscandia (IPCC, 2001). The climate
change during the early Holocene in north-
ern Europe is a result of several competing
factors. The summer insolation had its maxi-
mum at the onset of the Holocene and has
gradually decreased after that (COHMAP
members, 1988). Decreased albedo result-
ing from evergreen forest expansion to
former tundra and reduced sea ice had a
positive feedback on the warming climate.
The reconstructed sea surface temperatures
(SST) from the Norwegian Sea show a
prominent warming at the beginning of the
Holocene having a maximum between 8500
– 5800 cal. yr BP (Calvo et al., 2002).

The phase of the hypsithermal in north-
eastern European Russia continued until
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6300 – 5100 cal. yr BP and in western
Fennoscandia until ca. 4000 cal. yr BP. Both
areas experienced a gradual cooling during
the middle to late Holocene. The second
phase of cooling is observed at ca. 3000 -
2500 cal. yr BP. The middle and late
Holocene cooling events interpretated in this
study are analogous with the reconstructed
drop in SST in North-Atlantic: major cool-
ing events in SST at 5800 cal. yr BP and
2800 cal. yr BP have been observed in the
records from the Norwegian Sea (Calvo et
al., 2002). These events are proposed to be
the result of changes in thermohaline circu-
lation of the North Atlantic Ocean (Bond et
al., 1997; Calvo et al, 2002). The Medieval
Warm Period (at ca. 1000 BP) is indicated
in both regions by expansion of trees and
the Little Ice Age as a phase of permafrost
aggradation.

6. CONCLUSIONS

Tree birch was growing at the present
treeline areas in the Usa basin at the onset
of the Holocene. It was soon followed by
larch, Siberian fir and spruce in the moun-
tainous areas and by spruce in lowland ar-
eas. The immigration of spruce occurred
earlier at the present alpine treeline than at
the present arctic treeline. A time-lag of 300
– 900 years can be seen between first
macrofossil evidence of spruce and followed
increased pollen percentages and accumu-
lation rates. The initiation of gradual with-
drawal of mixed spruce forest occurred in
the Usa basin at ca. 6300 – 5100 cal. yr BP.

Between 8300 and 4000 cal. yr BP, the
distribution area of pine in Finnish Lapland
has been significantly more extensive; pine
had probably encroached on all suitable
soils, except the highest peaks in the
Enontekiö region. After 4000 cal. yr BP,
gradual withdrawal of pine forest line is in-

ferred. The conifer limit during the Medi-
eval Warm Period appears to have been well
above the present conifer limit both in
Fennoscandia and Russia. In the future, even
a small shift (ca. 0.5 ºC) in mean July tem-
peratures might have a noteworthy effect on
forest distribution, which in turn could have
a significant feedback effect on the expected
climate warming (Foley et al., 1994; Betts,
2000).

The Usa basin experienced a climatic
optimum during the early Holocene. The
onset of the Holocene appears to be at least
as warm as at present. The summer tempera-
tures have been at least 2 ºC higher between
10 500 and 10 000 cal. yr BP and possibly
even ca. 3-4 ºC higher between 10 000 and
6300 cal. yr BP. The gradual cooling from
Mid-Holocene towards present culminated
at 2900 – 2100 cal. yr BP, when the lowest
temperatures are inferred in the area.

The mean July temperatures in Finnish
Lapland have been ca. 2.5 ºC higher during
the maximum extent of pine, between 8300
and 4000 cal. yr BP. According to the pine
forest line-climate model, mean July tem-
peratures ca. 0.5 ºC higher than at present
prevailed during the Medieval Warm Period
in Finnish Lapland.

During the early Holocene, forest expan-
sion and climate amelioration in the Usa
basin occurred ca. 1000 years earlier than
in Fennoscandia.  The summer thermal
maximum compared to the present was more
prominent in north-eastern European Rus-
sia than in northern Fennoscandia. The cool-
ing may have started earlier in north-east-
ern European Russia than in Fennoscandia.
The present record suggests, however, that
climate fluctuations (i.e. cooling at the first
millennium BC, the Medieval Warm Period
and the Little Ice Age) during the late
Holocene have been simultaneous in both
areas.
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