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Abstract Pollen analyses of sediment cores from two
small lakes within the boreal forest in the central Scandes
Mountains help to elucidate the Holocene forest dynamics
of the region. Analyses of pore/pollen grain diameter ra-
tios of Alnus grains indicate the early Holocene presence
of Alnus glutinosa in the study area. The results are dis-
cussed in conjunction with available pollen records to
evaluate the importance of thermophilous trees during the
early Holocene and to deduce the regional spread of Picea
abies. Corylus avellana, Alnus glutinosa and Ulmus gla-
bra were probably common constituents of the early
Holocene forest. Tilia cordata may have occurred there as
a rare tree. Pollen stratigraphies from the region do not
indicate the occurrence of Quercus robur. The regional
spread of Picea abies can be separated into two phases: a
mid-Holocene establishment or first expansion of small
outpost populations and a late-Holocene population ex-
pansion. The mid-Holocene shift in vegetation composi-
tion may have been caused by changes in the westerly
airflow.

Keywords Pollen analyses · Holocene forest dynamics ·
Picea abies · Thermophilous trees · Central Swedish
mountains

Introduction

The Holocene development of the Fennoscandian flora
has been the focus of numerous publications and sum-
maries at a subcontinental scale (for example, Berglund
1968; Huntley and Birks 1983; Vasari 1986; Lang 1994).
Although there is no shortage of environmental archives
in Fennoscandia, the spatial distribution of Holocene
vegetation reconstructions is uneven. They are concen-
trated in areas where the action of humans has substan-

tially altered the vegetation composition, or in ecotones
where climate change is thought to have a strong effect on
vegetation dynamics. Therefore knowledge of the vege-
tation development of vast areas of boreal forest is often
based on few or rather old investigations. Recent finds of
macro- and megafossils from the Scandes Mountains have
led Kullman (1995, 1996, 1998a, b, 2000, 2001, 2002) to
suggest that thermophilous trees extended much further
into the boreal forest than previously assumed, and that
Picea abies existed locally on the Scandinavian peninsula
long before its presence is detectable in pollen diagrams.
Modern palaeoecological investigations from the boreal
forest zone are therefore necessary to assess whether these
finds signify a general pattern that was previously over-
looked or represent remote single outposts of only local
importance. Furthermore, additional pollen stratigraphies
from the boreal forest zone help to close the gaps in the
spatial coverage of palaeoecological investigations and
improve analyses of tree spread or biome response to
climate change on a sub-continental scale (Brewer et al.
2002; Giesecke and Bennett 2004).

This study aims to: (1) elucidate the Holocene forest
dynamics within the central Scandes Mountains on min-
eral soils and below the subalpine forest belt; (2) evaluate
the significance of early Holocene mega- and macrofossil
finds of Picea abies and thermophilous trees; and (3)
investigate the effect of more oceanic versus more con-
tinental climate on Holocene vegetation development.

Vascular plant nomenclature follows Tutin et al.
(1964–80). Ages are given as calendar years before
present (cal B.P.) where ‘present’ is defined as A.D. 1950.

Regional settings and previous investigations

The central Scandes Mountains comprise a region of
relatively low elevations within the Scandinavian moun-
tain chain that runs between Norway and Sweden, sepa-
rated into isolated ranges by wide valleys (Lundqvist
1969). Low parts of the mountain chain permit a stronger
influence of north Atlantic air to penetrate there, resulting
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in areas with a more oceanic climate. The forest below the
tree line is dominated by Pinus sylvestris and Picea abies
and belongs to the middle and northern boreal forest
zones (Sj�rs 1999). Outpost populations of Ulmus glabra
occur locally throughout the region (Fig. 1). Alnus gluti-
nosa has outpost populations west of the mountains, while
outposts do not reach much higher than 300 m a.s.l. in
valleys to the east (Westman 1985). Corylus avellana
occurs frequently along the Norwegian coast up to about
65�30’ north. Tilia cordata and Quercus robur are not
present in the region (Hult�n 1971).

Macro remains of Quercus robur, Alnus glutinosa,
Ulmus glabra and Corylus avellana are reported from the
mountain Getryggen (63�100 N, 12�220 E) at an altitude of
740 m a.s.l. and a Tilia cordata inflorescence was re-
covered at Klockamyr not far from this site (Fig. 1).
Radiocarbon analyses of these finds indicate early Holo-
cene ages (Kullman 1998a, b).

Finds of Picea abies megafossils with dates spanning
the time from about 9800 cal B.P. to 400 years ago are
reported from different locations from the central Scandes
Mountains (Kullman 2000, 2001). Two finds with late
glacial ages originate from the mountain �reskutan
(63�530 N, 15�430 E) (Kullman 2002). Palynological in-
vestigations near �reskutan (Ek 2004) and at Storsnasen
(63�140 N, 12�250 E) (Segerstr�m and von Stedingk
2003), from where many old P. abies macro- and
megafossil finds are reported, do not show sufficient
proportions of P. abies pollen to indicate the early Ho-
locene presence of the tree, on palynological evidence.

The pollen stratigraphy at T�nningfloarna (Lundqvist
1969) shows a discontinuous P. abies curve from the
beginning of the sequence at about 9000 cal B.P. How-
ever, low pollen sums and the possibility of contamina-
tion during coring make it difficult to assess these small
percentage values.

Selection and description of sites

Site selection was based on a survey of topographical
maps and subsequent field evaluation of possible lakes.
The survey was constrained by basin size of 100 to 300 m
diameter, absence of incoming streams, proximity to
present day Picea abies dominated forest, and accessi-
bility. Thus the pollen collected in the lakes should to a
large extent mirror the forest composition within a few
kilometres around the lakes (Pennington 1979; Jacobson
and Bradshaw 1981; Sugita 1993). An additional aim was
to find a pair of sites from differing climate regions within
the Scandes Mountains and to select one site in the same
area as the T�nningfloarna site (Lundqvist 1969).

The two selected lakes, Abborrtj�rnen and Styggtj�r-
nen, are situated approximately 170 km apart in climati-
cally differing areas of the Scandes Mountains (Table 1).
Both are clear-water lakes with only a little peat growing
at the lakeshore. Abborrtj�rnen (63� 530 N, 14� 270 E),
6.5 m deep, is a bedrock basin at 387 m a.s.l. on a south
facing slope that rises up to 640 m a.s.l. (Fig. 1). The
forest around the lake is dominated by Picea abies with

Fig. 1 a–d Location and characteristics of the study sites. a Ele-
vation image of the central Scandes Mountains with circles repre-
senting the occurrence of Ulmus glabra and diamonds marking
occurrences of Alnus glutinosa and the broken white line marking
the northern limit of more continuous occurrence of Alnus glutinosa
(Hult�n 1971). White stars mark the study sites, the black star

indicates the area with finds of thermophilous trees (Kullman
1998a, b) and the position of the Storsnasen sites (Segerstr�m and
von Stedingk 2003). b Topographical map around Abborrtj�rnen. c
Topographical map around Styggtj�rnen. d Bathymetric maps of
the lakes, isobaths at 1 m intervals. The broken lines show an
interval of 0.5 m
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Pinus sylvestris, Betula spp., Populus tremula, Sorbus
aucuparia, Salix spp. and Alnus incana. Dry Pinus syl-
vestris forests are frequent in the wider surroundings of
the lake and on shallow soils within the lake catchment.
Small bogs occur within the catchment of the lake
(Fig. 1b). Forestry is the main land use in the area, and
there is little farming.

Styggtj�rnen (62�190 N, 13�340 E), 2 m deep, is located
at an altitude of 715 m a.s.l. on the northeastern slope of
the mountain S�nfjellet that reaches a maximum height of
1278 m a.s.l. (Fig. 1). The area is relatively sheltered from
westerly cyclones by a large westward extension of the
Scandes Mountains and thus belongs to the more conti-
nental regions in Scandinavia (Vedin 1995). The wide
valleys are dominated by lichen-rich Pinus sylvestris
forest, while Picea abies is often found along streams and
rivers. With increasing altitude, P. sylvestris is gradually
replaced by Picea abies, which dominates on the slopes of
S�nfjellet between about 600 and 800 m a.s.l. Dry Pinus
sylvestris forest grows on the hill northeast of the lake
(Fig. 1) while Betula pubescens and Sorbus aucuparia are
frequent in the Picea abies forest south of the lake.
During summer the forest is used for cattle grazing.
Trapping pits used for hunting elk and reindeer are
mapped in the vicinity of both lakes. This hunting tech-
nique was used for at least the last 4000 years until it was
banned in 1864 (Selinge 1974; Melander 1989) and the
presence of the pits thus gives some information on the
history of human impact around the lakes.

Material and methods

Sampling and sediment analyses

Cores were collected in winter from beneath the frozen lake sur-
face. Two sets of overlapping cores were obtained from the centres
of the lakes using a modified Livingstone piston corer (Wright
1967). Core segments were extruded in the field, wrapped in plastic
film and aluminium foil and secured in supportive liners. The
sediment-water interface and the loose uppermost part of the sed-
iment sequences were collected using a Willner gravity sampler,
immediately cut into 1 cm thick slices and packed in plastic bags.
Care was taken that the cores would not freeze during fieldwork
and all samples were stored in a cold room at 4�C until processing.

Magnetic susceptibility was measured on the cleaned and flat-
tened core surfaces using a Bartington Instruments meter with a
MS2E1 surface-scanning sensor (Bartington Ltd., Oxford, UK)
together with the TAMISCAN-TS1 core logging system (http://
www.geol.lu.se/PERSONAL/PRS/Tamiscan%20homepage.htm).
Measurements were made at 2 mm intervals so that the 3.8 mm

wide sensor sampled overlapping intervals to obtain a continuous
record. A three-term running mean was applied to reduce noise.

Before subsampling the cores were described visually. Volu-
metric subsamples of 0.5 cm3 were taken for pollen analyses, the
determination of water content and loss on ignition at 500�C (LOI).
Samples were taken at even intervals using a modified syringe with
a 0.5 cm diameter. Water content and loss on ignition were anal-
ysed immediately after subsampling.

Pollen analyses

Sample preparation for pollen analyses followed Bennett and Willis
(2001). A known number of Lycopodium tablets (Stockmarr 1971,
1972) was added before preparation to enable the calculation of
pollen concentrations and accumulation rates. Tablets were dis-
solved in warm water in the same test tubes used for the treatment
of the samples. Samples were not sieved to allow for a maximum
detection of stomata in the pollen slides. The residues were sus-
pended in silicon oil. A minimum number of 1000 pollen grains and
spores was counted in nearly all samples to reduce statistical un-
certainty of less abundant pollen types (Maher 1972; Birks and
Birks 1980). Pollen taxonomy follows Bennett (2004), modified for
Sweden using the checklist by Karlsson (1997). Pollen percentage
calculations were based on the sum of terrestrial pollen and spores,
excluding aquatics and Sphagnum spores. Microscopic charcoal
and stomata were tallied during standard counts. The diameters of
well-preserved Alnus grains and their pores were measured in two
samples from Abbortj�rnen following Donner (1954) using a 100�
oil-immersion objective.

Sediment age determination

Where possible, plant macrofossils were retrieved from predeter-
mined sections of each core for age determination. About 2 cm3 of
bulk sediment was collected from levels for radiocarbon dating if
the core segment did not yield sufficient terrestrial plant remains.
Age determination of the material was carried out by accelerator
mass spectrometry (AMS). Results were calibrated against the
IntCal98 calibration curve (Stuiver et al. 1998) using the BCal
online system (http://bcal.shef.ac.uk) to improve probability esti-
mates for samples with overlapping probability intervals and to
obtain numerical descriptions of the confidence intervals. Age-
depth models for both lakes were constructed using PSIMPOLL
4.10 (Bennett 2003). A polynomial was fitted to the age determi-
nations by singular value decomposition to the weighted averages
of the probability distributions. Sediment surfaces are assumed to
have an age of 	50€50 B.P. Confidence intervals for the age-depth
plots were obtained by simulation, drawing random ages from the
probability distributions of the calibrated ages (Bennett 2003).

Numerical analyses

Both percentage pollen diagrams were zoned statistically using the
technique of optimal splitting by information content (Bennett
2003) independently on each of the datasets. The broken stick
model (Bennett 1996) was used to assess the number of statistically

Table 1 Average monthly and yearly precipitation and temperature at F�llinge (F: 25 km south of Abborrtj�rnen at 475 m a.s.l.) and Hede
(H: 10 km north of Styggtj�rnen at 420 m a.s.l.) (Alexandersson et al. 1991)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year

Precipitation in mm
F 46 37 40 35 45 59 91 72 74 64 54 54 671
H 29 21 23 26 37 60 72 68 56 41 37 36 504
Temperature in �C
F 	8.8 	7.8 	4.5 0.0 6.1 11.1 12.6 11.1 6.5 2.1 	4.1 	7.2 1.4
H 	12.5 	10.4 	5.2 0.3 6.8 11.7 13.1 11.3 7.0 2.0 	5.9 	10.8 0.6
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significant zones. The calculation of confidence intervals on the
pollen accumulation values follows Maher (1981), with additional
use of propagation of errors methods (Parratt 1961). Principal
component analysis (PCA) was employed to display the main
trends in both datasets in two dimensions. The analysis was carried
out on the covariance matrix of the taxon-combined percentage
data from Abborrtj�rnen and Styggtj�rnen after square root trans-
formation. All analyses and calculations were run on taxa that
exceeded 1% total terrestrial pollen using PSIMPOLL 4.10 (Ben-
nett 2003).

Results

Chronology and sediment accumulation

Both sets of radiocarbon age determinations from the two
lakes are internally consistent (Table 2). However the
dates for both lakes deviate from a near linear relationship
so that different age-depth models used for the interpo-
lation between the age determinations result in signifi-
cantly different ages for the samples between the radio-
carbon dates. For this reason a four-term polynomial,
which only reflects the main trends, has been fitted to the
data. Dates obtained from the age-depth models are
rounded to the nearest 100 years without indicating errors.

The age-depth model for Abborrtj�rnen (Fig. 2a)
suggests even sediment accumulation with a change in
sedimentation rate at around 3500 cal B.P. and an age
estimate of 10240€140 cal B.P. for the basal sample.
However the model is poorly constrained in the lower-
most 15 cm. A linear extrapolation using the two lower-
most dates gives a basal age of 9800€140 cal B.P., which
may be a better estimate for the beginning of the se-
quence.

The uppermost radiocarbon date from the Abborrtj�r-
nen sequence was obtained from bulk sediment and may
therefore be influenced by a reservoir effect of the lake.
Although this effect may be in the order of several dec-

ades it has only little influence on the age depth model
shown in Fig. 2a. The radiocarbon age determinations on
bulk sediment from Styggtj�rnen may also be influenced
by a reservoir effect of the lake. However, this effect may
be smaller than at Abborrtj�rnen as the lake is shallow
and well aerated.

The age-depth model for Styggtj�rnen (Fig. 2b) indi-
cates a basal age of 9950€160 cal B.P. for the sequence.
Linear extrapolation however yields a later date of
9450€150 cal B.P., which seems more likely as the ma-
terial for dating was extracted from the lowermost highly
organic sediment and the basal sample was derived from
minerogenic sediments that may have been deposited
more rapidly. Two age determinations give an age dif-
ference of only 10 years and each date lies within the
error interval of the other. This suggests a rapid sedi-
mentation in the lake centre during the time from about
4400 to 3800 cal B.P., which is also supported by the
adjacent dates (Fig. 2b). Pollen concentration changes
little in samples from this time period, while pollen ac-
cumulation rate calculations result in major peaks of all
taxa during this period. The pollen spectra of samples
from this time period are very similar and do not show

Table 2 Radiocarbon dates from Abborrtj�rnen and Styggtj�rnen.
Ba = bark; N = needle; S = seed; F = fruit; T = twig; Mc = male
cone; Lf = leaf fragments

Sample
depth (cm)

Material Laboratory
number

14C age uncal.
B.P

Abborrtj�rnen
693–694 bulk sediment Poz-4445 1660€35
733–734 cf. Alnus Ba Poz-4446 2235€30
756–757 Pinus, N, Ba, Mc;

Vaccinium S
Poz-4511 2800€30

801–802 cf. Alnus Lf; Al-
nus incana F

Poz-4447 4170€40

846–847 Pinus Ba, cf.
Betula Lf

Poz-4512 5980€40

880–881 Pinus Ba Poz-4514 8000€35
Styggtj�rnen
241.5–242.5 bulk sediment Ua-22415 2585€40
263.5–264.5 bulk sediment Ua-22416 3505€45
289.0–290.0 bulk sediment Ua-22417 3515€40
324.5 Pinus T Ua-22418 3830€45
357.0–358.0 cf. Pinus T Ua-22419 4930€45
402.5–403.5 bulk sediment Ua-22420 8105€60

Fig. 2 a–b Age-depth models for the sediment cores. a Abbor-
rtj�rnen. b Styggtj�rnen. The curve in both cases is a four-term
polynomial fitted to the radiocarbon dates from Abborrtj�rnen and
Styggtj�rnen by singular value decomposition
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signs of the incorporation of older material. It is therefore
likely that during the time interval from about 4400 to
3800 cal B.P. more sediment was focused in the middle of
the lake.

Although the age-depth models (Fig. 2) indicate
changes in the rate of sediment accumulation in both
lakes, the LOI and magnetic susceptibility records (Fig. 3)
reveal that there were no major disturbance events in the
catchments of the lakes. Changes in the sediment com-
position of both lakes are displayed in Fig. 3 and de-
scribed in Table 3. In general, Abborrtj�rnen collects
more inorganic material than Styggtj�rnen as a result of
the much larger catchment area.

Vegetation history

The vegetation history reflected in the pollen records
from Abborrtj�rnen and Styggtj�rnen follows a similar
trend at both sites (Fig. 4, Table 4). Statistical splitting of
the records yielded 5 significant zones for Styggtj�rnen
and 6 for Abborrtj�rnen. However the lowermost zone in
the pollen stratigraphy from Abborrtj�rnen consisted of
only one sample and this split was therefore not used.
This lowermost sample from Abborrtj�rnen contains a
high proportion of Hippopha� rhamnoides pollen. The
steep slopes north of the lake may have provided a suit-
able habitat for the shrub. This initial pioneer stage is not
seen in the Styggtj�rnen record. The further development
of the vegetation around both lakes is described in Table 4
and although it follows the same general pattern at both

Table 3 Sediment description. Depths are given relative to the water level of the lake

Depth (cm) Age (cal B.P.) Sediment characteristics

Abborrtj�rnen
648–770 Present–3400 Gyttja, dark olive green, LOI between 35 and 42%
770–844 3400–6600 Gyttja, dark olive green, high LOI between 45 and 52%, decline in magnetic susceptibility

at 840 and 804 cm
844–877 6600–8700 Gyttja, dark olive green, water content and LOI rising, maximum magnetic susceptibility

of the organic sediments above 856 cm
877–880 8700–9000 Alternating dark and light layers, sediment highly consolidated, drop in water content and LOI,

rise in magnetic susceptibility
880–894 9000–9700 Gyttja, dark olive green, LOI rises to 35%
894–898 9700–9800 Sandy clay with decreasing sand content towards the top, dark grey, rise in water content,

drop in magnetic susceptibility
898–909 9800– ? Sand and gravel
Styggtj�rnen
201–375 Present–6600 Gyttja, dark brown, abundant remains of aquatic mosses, LOI up to 90% in the lower part and

declining stepwise at 225, 270 and 317 cm corresponding to about 2000, 3700, 4300 cal B.P
375–408 6600–9500 Gyttja, dark brown, highly consolidated, abundant remains of aquatic mosses, steady increase

in water content
408–411 9500– ? Silt, pale yellow

Fig. 3 Physical and magnetic
properties of the sediments
from Abborrtj�rnen and Styg-
gtj�rnen
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sites, changes are more pronounced in the Abborrtj�rnen
record.

Measurements of the pore/pollen grain diameter ratio
of four-pored Alnus pollen from two samples from Ab-
borrt�rnen (Fig. 5) show different distributions. The older
sample contains a higher proportion of grains with low
ratios from 0.07 to 0.09, while 70% of the grains in the
younger sample have ratios of 0.1 and 0.11. The younger
sample did not contain sufficient numbers of five-pored
Alnus pollen, but measurements on the five-pored Alnus
grains in the older sample reveal a similar distribution as
for the four-pored grains. Both distribution curves show
two peaks with ratios of 0.08 and 0.10–0.11 respectively.
These values correspond well to the average values for
the ratios of about 0.08 for Alnus glutinosa and 0.1 for A.
incana obtained by Donner (1954). Thus, the sample
dating to 8800 cal B.P. probably contains a mixture of A.
glutinosa and A. incana pollen while the 400-year-old
sample has probably only A. incana pollen.

Principal component analyses

The combined PCA of the two datasets (Fig. 6) separates
the samples into the same groups as the stratigraphically
constrained zonation of the records. The first axis ex-
plaining the largest variance splits the samples according

to their proportion of Picea abies versus Alnus and Betula
pollen. The separation of samples according to their
proportion of Pinus sylvestris versus Alnus and Betula
pollen takes place on the second axis. Samples pre-dating
the arrival of Picea abies pollen are clustered in a narrow
band stretching between the vectors for the deciduous
trees on one side and Pinus sylvestris on the other. The
sequence begins with samples dominated by P. sylvestris
(zone A1, S1), which then plot at the far end of the band
as a consequence of higher proportions of pollen from
deciduous trees (zone A2, S2). The third cluster (zone A3,
S3) falls in between the above two groups, corresponding
to the decline of Alnus pollen and an increase in P. syl-
vestris pollen percentages. Samples containing Picea
abies pollen plot in a trajectory oriented at right angles to
the alignment of the former groups. They are spread ac-
cording to their amount of P. abies pollen so that samples
from zones A4, S4 and A5, S5 form distinct groups.

Pollen accumulation rates at Abborrtj�rnen

Pollen accumulation rates of Abborrtj�rnen (Fig. 7),
which give a better insight into the direction of vegetation
change around Abborrtj�rnen than pollen percentages,
have been calculated from the pollen concentrations and
the age-depth relationship (Fig. 2). The sediment history

Table 4 Vegetation history

Zone Age Pollen zone characteristics Interpretation

Abborrtj�rnen
A-5 Present – 2400 Increase in Juniperus communis, Poaceae and Calluna

vulgaris pollen, decline in Betula, Populus tremula and
fern spores

Change in forest floor vegetation with the
expansion of Picea abies, opening of the forest
through small-scale farming and forestry

A-4 2400–3000 Rise of the Picea abies curve, decline in Pinus sylvestris
pollen percentages

Picea abies population expansion

A-3 3000–5600 Increased proportion of Pinus sylvestris, decline in
Betula, Ulmus and Alnus, start of the continuous curve
of Picea abies pollen at 3500 cal B.P

Secondary expansion of Pinus sylvestris.

A-2 5600–9000 Peak of Corylus avellana-type at 9000 cal B.P. before
the maximum of Alnus, rise of Ulmus at 7200 cal B.P.,
Populus tremula and Sorbus aucuparia reach maximum
percentages

Closed forest canopy, with maximum
abundance of broad-leafed trees

A-1 9000–9800 Dominance of Pinus sylvestris pollen (up to 70%),
frequent occurrence of Hippopha� rhamnoides, peak of
Poaceae pollen, rise of Alnus begins at 9400 cal B.P.
Presence of Pinus sylvestris stomata from the seccond
sample onwards

Pioneer vegetation on unstable slopes is
rapidly replaced by Pinus sylvestris that was
locally present from the beginning of lake
sedimentation. Establishment of Alnus

Styggt�rnen
K-5 Present – 2600 Increase in Calluna vulgaris and Cyperaceae pollen,

decline in Betula and fern spores
Opening of the forest through small-scale
farming and forestry

K-4 2600–3700 Rise of the Picea abies curve, increase in Poaceae pollen
percentages

Change in forest floor vegetation with the
expansion of Picea abies.

K-3 3700–5200 Increased proportion of Pinus sylvestris, Vaccinium-type
pollen and Sphagnum spores, decline in Betula, onset of
the continuous curve of Picea abies pollen at 4000 cal B.P

Secondary expansion of Pinus sylvestris,
increased paludification

K-2 5200–8700 Maximum abundance of Betula and Alnus. Ulmus maximum
at 6400 cal B.P. coinciding with the decline of Alnus

Closed forest canopy, with maximum
abundance of broad-leafed trees

K-1 8700–9500 Dominance of Pinus sylvestris pollen (up to 65%), frequent
occurrence of Salix, maximum proportions of Corylus
avellana-type pollen and abundance of Iso�tes echinospora
microspores. Rise of Alnus begins at about 9000 cal B.P.
Pinus sylvestris stomata are present in the oldest sample

Pinus sylvestris dominatad forest was
established at the time lake sedimentation
started. Iso�tes echinospora was dominating
the sandy and silty lake bottom.
Establishment and expansion of Alnus
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at Styggtj�rnen is complex, probably due to sediment
focussing, and the pattern of pollen accumulation rates
(not shown) reflects sedimentation history and not vege-
tation history.

Pollen accumulation rates from Abborrtj�rnen illus-
trate how Picea abies displaces not only Betula but also

Pinus sylvestris, the percentages of which increase
(Fig. 4a). The increase and decline of Alnus pollen on the
other hand occurs independently of changes in the accu-
mulation rates of the other tree taxa. It is interesting to
note that the pollen accumulation rates of most tree taxa
are rising across the A-1/A-2 zone boundary, but P. syl-

Fig. 4 a–b Percentage pollen diagrams showing selected taxa. a
Abborrtj�rnen; b Styggtj�rnen. A ten-fold exaggeration is used to
depict rare taxa. Microscopic charcoal and stomata are expressed as

percentage of the pollen sum. Note that charcoal was not estimated
for the lowermost samples in Abborrtj�rnen below 9000 cal B.P

139



vestris accumulation rates do not decline until the fol-
lowing sample. It becomes apparent that the decline of
Alnus and Ulmus at the A-2/A-3 boundary is accompanied
by a decline in Betula without an increase in P. sylvestris
pollen accumulation unlike its percentages, which occurs
later in this zone.

The loss on ignition (LOI) record (Fig. 7) may indicate
changes in catchment hydrology and lake productivity
and allows examination of parallels in vegetation com-
position. The rise in LOI at 7100 cal B.P. coincides with a
drop in Alnus accumulation rates. The drop in LOI before
3300 cal. B.P. precedes the initial rise of the Picea abies
curve and coincides with a peak in Juniperus communis as
well as a decline in fern spores. Also noticeable is the
significant drop in Betula and Alnus pollen accumulation
rates at 8200 cal B.P., which has no reflection in the LOI
record.

Fig. 5 a–b Frequency distribution of the pore/diameter ratio of
Alnus pollen at Abborrtj�rnen. a Measurements on four-pored
grains; solid line with diamonds = sample dated to 8800 cal B.P.,
n=82; broken line with circles = sample dated to 400 cal B.P., n=49.
b Measurements on five-pored grains from the sample dated to
8800 cal B.P., n=78

Fig. 6 a–b Principal component analyses of the taxon combined
pollen percentage data from Abborrtj�rnen and Styggtj�rnen. The
first two axes are significant and explain the variance to 62% and
19% respectively. a Plot of eigenvectors, broken line marks the
space of the sample plots. b Plot of samples from Abborrtj�rnen. c
Plot of samples from Styggtj�rnen. Affiliation of samples to pollen
zones (Fig. 4) are marked with symbols (rectangle = zone 1, ex =
zone 2, circle = zone 3, triangle = zone 4, diamond = zone 5)
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Discussion

Deglaciation and early forest establishment

The pattern of deglaciation in the southern Swedish
mountains is well described from geomorphological evi-
dence (Borgstr�m 1989), although the timing of the dif-
ferent stages remains uncertain (Lundqvist 2002). Borg-
str�m (1989) suggests an ice retreat from the west, un-
covering first the high mountains along the border with
Norway and later single mountain tops to the east, which
formed islands between the receding glaciers. Finds of
wood remains on top of the mountain �reskutan (Kull-
man 2002) suggest that such nunataks occurred as early as
16700 cal B.P. The growth of boreal trees on late glacial
nunataks is controversial, but the existence of ice-free
islands during the late glacial seems likely (McCarroll
and Nesje 1993; Dahl et al. 1997; Rye et al. 1997).

The Dovre Mountains in central Norway were already
ice-free at the onset of the Holocene and lake sedimen-
tation there started as early as 11600€1000 cal B.P. (Eide

2003). The earliest vegetation cover on Dovre consisted
of pioneer taxa including Hippopha� rhamnoides, Salix,
Dryas octopetala and Saxifraga oppositifolia. Tree birch
reached the site (at 1169 m a.s.l.) only at 10500 cal B.P.
(Eide 2003). Lake sediments or peat predating the onset
of the Holocene have not been recovered from the study
region. The oldest estimate for the onset of the lake
sedimentation in the study area is reported from Lake
Sp�ime at 887 m a.s.l. with a basal age of 10700 cal B.P.
(Hammarlund et al. 2004). The macrofossil record from
this site starts with Salix leaves and fruits, while Betula
pubescens fruits are recorded from 9700 cal B.P. onwards.

During deglaciation, the Hotagen valley, where Ab-
borrtj�rnen is situated, harboured a system of ice-dammed
lakes separated by stagnating ice (Lundqvist 1969). The
bottom sediments of Abborrtj�rnen do not show lami-
nated clays, but contain fine gravel, which may indicate
that the basin was filled with stagnant ice until the onset
of organic sedimentation. The meltdown of the ice
probably left unstable slopes especially north of the lake,
which were immediately occupied by Hippopha� rham-

Fig. 7 Loss on ignition (LOI) and Pollen accumulation rates of selected taxa from Abborrtj�rnen
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noides. The occurrence of this shrub generally signifies
the first Holocene stage of plant succession on unstable
ground within the Scandes Mountains (Moe et al. 1996;
Engelmark 1996). Pinus sylvestris and Betula may have
been well established around Abborrtj�rnen at the time
that lake sedimentation started. The find of P. sylvestris
stomata and the drop of Poaceae pollen in the second
sample indicate a rapid forest establishment in the lake
catchment.

The late start of the Styggtj�rnen record, situated at the
northern slope of S�nfj�llet, may be explained by its
proximity to an ice divide and thus late deglaciation
(Borgstr�m 1989). The lack of Hippopha� rhamnoides
pollen in the basal samples suggests that mountain slopes
above the lake must have been stabilised by vegetation
cover at the onset of the lake sedimentation. Moreover,
low proportions of herb and heath pollen and the presence
of Pinus sylvestris stomata in the lowermost minerogenic
sample indicate that a woodland consisting of Betula and
Pinus was already established around the lake. It can be
presumed that the small and shallow lake basin might not
have been blocked by dead ice long after deglaciation of
its surroundings. Therefore the presence of woodland
from the beginning of the lake sedimentation may indi-
cate that woodland was established on the slopes of
S�nfj�llet before final wasting of the glacier in the valley.

The spread of Alnus

The expansion of Alnus populations in southern and
south-central Sweden occurred almost simultaneously at
about 9500 cal B.P. (for example, Digerfeldt 1972, 1977;
G�ransson 1977; Almquist-Jacobson 1994). The rise of
the Alnus curve at Abbortj�rnen is centred at about
9000 cal B.P. and slightly later at Styggtj�rnen. However
both records show the presence of the pollen type before
that time.

Even though separation of the pollen of Alnus gluti-
nosa and A. incana is possible (Erdtman 1953; Donner
1954), it is not regularly carried out in pollen investiga-
tions in Fennoscandia, and the Alnus curve in many pollen
diagrams probably represents both A. glutinosa and A.
incana. Only a few studies address the different vegeta-
tion histories of the two trees (for example, Andersson
1893; Wenner 1968; Tallantire 1973, 1974). In southern
Sweden, where A. incana does not occur naturally today,
it has been shown that the rise of Alnus pollen frequencies
coincides well with frequent finds of A. glutinosa fruits,
while fruits of A. incana are absent (Gaillard 1984;
Thelaus 1989). The establishment of A. incana in Troms,
northern Norway, may have occurred as early as 9400 cal
B.P. (Jensen et al. 2002). However the identity of the
species of Alnus which arrived first and caused the steep
rise in the Alnus curve in central Sweden is unclear
(Almquist-Jacobson 1994). Wenner (1968) suggested that
A. incana was the first to arrive in central Sweden, ac-
cording to morphological differentiation of Alnus pollen
at the beginning of the continuous curve. This succession

is also supported by Tallantire (1974) based on macro-
fossil investigations from central Norway (Tallantire
1973) and published finds of Alnus fruits (Tallantire
1974).

Measurements on Alnus pollen from a sample from
Abborrtj�rnen dated to 8800 cal B.P., just before the Al-
nus maximum indicate that both Alnus species grew
around the lake during that time. Samples from the be-
ginning of the continuous Alnus curve yield too little
Alnus pollen to be able to analyse the distribution of the
pore/pollen grain diameter ratios. It is not unlikely that A.
incana was the first to arrive, possibly from the east;
however the early Holocene Alnus maximum may reflect
a high abundance of both Alnus species. At present the
limit of the continuous distribution of A. glutinosa is
situated far to the southeast of both sites. It is therefore
likely that the decline in Alnus pollen was caused by a
retreat of A. glutinosa due to changing climate conditions.
Declining Alnus accumulation rates are not matched by
increases in pollen accumulation rates of other pollen
types, suggesting that the habitat that was formerly oc-
cupied by A. glutinosa may have been left open. This
could represent a transition from alder carrs to Sphagnum
dominated bogs that bear vegetation with low pollen
production. Thus the decline of A. glutinosa may also be
connected to habitat loss due to paludification.

It seems likely that the rise of the Alnus curve in
central Sweden represents at least partly the expansion of
A. glutinosa, which indicates an almost synchronous ex-
pansion of the tree over the vast area of southern and
central Sweden (cf. Wenner 1968). Furthermore the Ho-
locene history of A. glutinosa in central Sweden seems to
compare well to that of Corylus avellana, with an early
Holocene maximum extension of the distribution limits
and a later decline. However this pattern differs from that
on the other side of the Scandes Mountains, where the rise
of the Alnus and C. avellana-type curves occurs at about
7800 cal B.P. (Tallantire 1973).

The importance of thermophilous trees
during the early Holocene

Both pollen records show the occurrence of Corylus
avellana-type pollen from the first sample onwards. The
Abborrtj�rnen record shows a C. avellana-type maximum
of 1.4% at the time of the rise of the Alnus curve at
9000 cal B.P. At Styggtj�rnen, the curve starts with 1.6%
and reaches a maximum value of 2.7% at the same pollen
stratigraphic position. However, the diagram from Stors-
nasen (Segerstr�m and von Stedingk 2003), which is close
to a site with finds of C. avellana macrofossils (Kullman
1998a), shows C. avellana-type pollen percentage values
of less than 0.5% during the same time period. While the
pollen percentages at Storsnasen are too low to indicate
the presence of C. avellana, the values at Abborrtj�rnen
and Styggtj�rnen may indicate the presence of local out-
post populations within the region (Huntley and Birks
1983).
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Ulmus was more abundant around Abborrtj�rnen with
a maximum of 4% at 6700 cal B.P., while the pollen type
reaches a maximum of only 1.2% at 6300 cal B.P. in the
Styggtj�rnen record. However, Styggtj�rnen shows a
continuous curve from the beginning of the sequence
about 9500 cal B.P., and at Abborrtj�rnen the continuous
curve begins at about 9500 cal B.P. Stornasen I shows a
continuous Ulmus curve from about 7500 cal B.P. on-
wards with a maximum of over 1% at about 5500 cal B.P.,
however the Stornasen II record shows 1% Ulmus pollen
already at about 9700 cal B.P. (Segerstr�m and von Ste-
dingk 2003). Alnus glutinosa was probably more wide-
spread in the central Scandinavian peninsula than at
present, as discussed above.

It is difficult to reconstruct the past altitudinal range
limit of a taxon in a mountainous area by means of pollen
analyses. However, the pollen records from Abborrtj�rnen
and Styggtj�rnen suggest that Ulmus and Alnus glutinosa
were frequent constituents of the early- to mid-Holocene
forest of the region and that Corylus avellana may have
been present locally during the early Holocene. The oc-
currence of these tree taxa at Getryggen (Kullman 1998a),
at an altitude similar to that of Styggtj�rnen, might have
been possible. The radiocarbon dates for the macrofossils
of A. glutinosa and C. avellana (Kullman 1998a) are in
agreement with the pollen record. An Ulmus glabra leaf
dates to about 9500 cal B.P. (Kullman 1998a), which is
earlier than the maximum occurrence of the pollen type
and may reflect an early outpost of the tree.

At Abborrtj�rnen sparse finds of Tilia cordata pollen
start at 7300 cal B.P., while the Styggtj�rnen record has
frequent finds starting at 7000 cal B.P. that form a dis-
continuous curve. The pollen stratigraphy from Storsna-
sen (Segerstr�m and von Stedingk 2003) shows single
finds of Tilia pollen back to about 8000 cal B.P. The low
pollen productivity of T. cordata (Sugita et al. 1999)
makes it difficult to decide whether single finds of T.
cordata pollen originated from small populations within
the region or if they were transported from larger popu-
lations to the south. Before the expansion of Picea abies,
T. cordata was frequent in the present day southern boreal
forest (Giesecke in press). It seems possible that its dis-
tribution had extended up Ljusnan valley near Styggtj�r-
nen and perhaps small populations grew on favourable
sites even further north, but it was not a common tree in
the region. However if single finds of the pollen type in
the Storsnasen record (Segerstr�m and von Stedingk
2003) are taken as an indication for the scattered occur-
rence of the tree at lower elevations then Kullman’s
(1998b) radiocarbon date of a T. cordata inflorescence is
consistent with the pollen record.

In contrast to Tilia, Quercus pollen production is rel-
atively high (Sugita et al. 1999) and the pollen type is
well dispersed. The Abborrtj�rnen record shows only a
discontinuous curve of Quercus pollen for the early Ho-
locene and the continuous curve at Styggtj�rnen consists
of values that are as low as in the surface sample. These
records show that it is unlikely that the tree occurred
regularly this far north in the Scandes Mountains, and the

early Holocene macrofossil find of Q. robur (Kullman
1998a) at a high latitude and altitude may represent an
odd early Holocene outpost of the tree.

Mid Holocene vegetation change

Both pollen records reveal a significant change in the
composition of the pollen spectra between 5000 and
6000 cal B.P. but there was no major forest tree expansion
in the region during the mid-Holocene. The change in
pollen composition at the A2/A3 and S2/S3 boundary is
not sharp, but rather a trend from high Alnus and Betula
proportions to increasing Pinus sylvestris pollen per-
centages (Fig. 6). The decline of Ulmus marks the
boundary in both records, while an increase in Ericaceae
pollen occurs at the boundary only in the Styggtj�rnen
pollen stratigraphy. This increase in Ericaceae pollen
coincides with the more frequent occurrence of Rubus
chamaemorus pollen and a marked rise in Sphagnum
spores, indicating paludification near the lake edge. A
major shift in the composition of peat forming plants also
occurred at Storsnasen about 130 km to the north (Se-
gerstr�m and von Stedingk 2003), however about 800
years earlier. Although these changes in local hydrology
might have been triggered by a regional increase in ef-
fective moisture (Korhola 1995; Bauer et al. 2003),
changes in pollen composition (Fig. 6) rather indicate a
trend to drier conditions.

The time interval between 5000 and 6000 cal B.P. is
characterised by a fragmentation and decline of the tree-
limit ecotone in the southern and central Scandes
Mountains (Kullman 1995; Gunnarsd
ttir 1996; Barnett
et al. 2001; Eide 2003). Furthermore reconstructions of
sea-surface temperatures of the Norwegian Sea show a
progressive cooling from 5500 cal B.P. onwards (Calvo et
al. 2002). Chironomid-based temperature reconstructions
from Lake Sp�ime (Hammarlund et al. 2004) however,
indicate higher temperatures between 5000 and 6000 cal
B.P. and a subsequent cooling to persistently lower tem-
peratures. A slightly different temperature trend emerges
from chironomid analyses from south-central Norway
(Velle et al. 2005) and northern Finland (Sepp� et al.
2002), both showing a short-term drop in temperatures at
about 5500 cal B.P. and a final decline at about 4000 cal
B.P.

At Abborrtj�rnen the A2/A3 boundary dates to
5620€50 cal B.P., which agrees well with the dates for the
corresponding zone boundaries in the records of two
small lakes (5680€70 and 5660€50 cal B.P.) about
360 km to the south and 250 km to the southeast re-
spectively (Giesecke in press). The shift in vegetation
composition around those lakes is interpreted to reflect a
shift to a more continental climate with somewhat shorter
growing seasons and possibly a prolonged snow cover. A
shift of climate parameters in the above manner would be
consistent with the lowering of the tree-line (Hammarlund
et al. 2004) as well as with the reduction of broad-leaved
trees at lower altitudes. A late snowmelt at higher ele-
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vations may also locally increase the effective moisture
and enhance paludification. Styggtj�rnen is situated at a
higher altitude and in an already more continental situa-
tion, which may explain the somewhat delayed shift.

The spread of Picea abies

The most significant change in Holocene forest compo-
sition around both sites is the spread and expansion of
Picea abies (Fig. 6). While the sub-continental population
expansion of P. abies can be reconstructed using pollen
analyses (Giesecke and Bennett 2004), the past presence
of isolated trees in the surroundings of a coring site is
difficult to deduce using pollen analyses only (Bennett
1988). Although P. abies pollen grains have a higher fall
speed than those of Pinus sylvestris (Eisenhut 1961),
grains may still be transported over long distances (Hicks
2001). The production of Picea abies pollen in
Fennoscandia is low compared to that of Pinus sylvestris
and Betula (Sugita et al. 1999), so the beginning of the
continuous curve may be taken as an indication of re-
gional if not local presence (cf. Birks 1989). A continuous
pollen curve implies that a population of trees became
established and at least maintained its niche and flowered
continuously through time. The establishment of a small
population in the vicinity of the coring site that subse-
quently declined would remain unnoticed. Thus the onset
of the continuous curve, for a heavy and underrepresented
pollen grain, marks the earlier phase of a gradually ex-
panding population subsequently reaching great local
abundance. A discontinuous curve on the other hand may
represent small local populations affected by occasional
disturbance events or long distance transport.

The onset of the continuous curve dates to about
4000 cal B.P. at Styggtj�rnen, and to 3500 cal B.P. at
Abborrtj�rnen. At Storsnasen the continuous curve starts
at about 5900 cal B.P., while small peaks preceding the
continuous curve are interpreted as indications of early
Holocene presence of the tree (Segerstr�m and von Ste-
dingk 2003). The pollen record from T�nningfloarna,
30 km east of Styggtj�rnen, shows a continuous Picea
abies pollen curve starting at about 5600 cal B.P. but with
a peak in P. abies pollen as early as about 7500 cal B.P.
(Lundqvist 1969). A pollen stratigraphy from Lid-
sj�myren, 60 km northeast of Abborrtj�rnen, has a con-
tinuous P. abies curve dating back to 5300 cal B.P., but
the abrupt rise of the curve occurs only at about 2500 cal
B.P. (Lundqvist 1969). The pattern of an initial P. abies
curve with low values and a later rise of the curve at about
2500 cal B.P. is also shown in the record from Abbor-
rtj�rnen. Likewise the P. abies curve at Styggtj�rnen is
divided into a slow rising part before, and maximum
values after about 2500 cal B.P., which corresponds to the
pattern in the neighbouring site T�nningfloarna (Lundq-
vist 1969). However other diagrams from the region
(Lundqvist 1969; K�nigsson 1986) indicate a large vari-
ation in the timing of the onset of the continuous curve
and to a smaller degree also in the timing of the rise of the

curve. The records published by Lundqvist (1969) (in-
cluding Lidsj�myren and T�nningfloarna) were partly
obtained with the use of a Hiller corer and possible
contamination of samples for pollen analyses and radio-
carbon dating may be a factor.

The establishment and/or expansion of Picea abies in
Fennoscandia often coincides with forest disturbance by
fire or humans (Huttunen 1980; Bradshaw and Hannon
1992; Bj�rkman 1996; Segerstr�m 1997; H�rnberg et al.
1999). Compared to pollen records to the southeast
(Giesecke 2004), microscopic charcoal is rare in the
pollen slides from both Abborrtj�rnen and Styggtj�rnen,
indicating that disturbance through fire was of little im-
portance throughout the Holocene. However both records
show an increased sedimentation rate over the time of the
onset of the continuous curve of P. abies. Although the
rapid sedimentation in Styggtj�rnen from about 4400 to
3800 cal B.P. was probably caused by internal lake dy-
namics, it may have been induced by changes in the lake
catchment. At Abborrtj�rnen, the start of the continuous
P. abies curve coincides with a drop in the LOI curve, a
decline in Alnus pollen influx and a peak in Juniperus
communis pollen. The first decline in LOI at Styggtj�rnen
predates the beginning of the continuous curve while the
second coincides with the S3/S4 boundary that marks the
first minor rise of the P. abies curve and an increase in
Poaceae pollen proportions. Human activity is established
around both lakes by the presence of trapping pits.
However, the timing of the construction and use of these
pits is uncertain. Human impact on the vegetation is dif-
ficult to detect in the pollen records from both lakes.
Pollen taxa that may indicate human activity in the boreal
forest (Reynaud and Hjelmroos 1980; Hicks 1985) might
also become more frequent due to paludification, changes
in forest structure or a lowering of the tree line. However
at Styggtj�rnen Rumex pollen is found only from 4200 cal
B.P. onwards just as the P. abies curve becomes contin-
uous, and the first Plantago lanceolata grain was found at
the S3/S4 boundary. Apart from J. communis pollen, taxa
indicating human impact are not consistently present in
the Abborrtj�rnen pollen record before about 1000 cal
B.P.

There is therefore slight evidence that the successful
establishment of P. abies coincides with increased forest
disturbance. However, no indication of disturbance co-
incides with the later expansion of P. abies populations.
The first expansion of the population to sizes that are
palynologically detectable occurred locally after 6000 cal
B.P. This may represent an expansion of small outpost
populations of P. abies that were regionally present from
the early Holocene onwards (Kullman 2000, 2001, 2002;
Segerstr�m and von Stedingk 2003). However in the ab-
sence of strong biostratigraphic evidence for the presence
of the tree during the early Holocene it might also be
hypothesised that P. abies spread in the Scandes Moun-
tains during the mid-Holocene at low population densi-
ties. Local establishment might have been affected by site
dynamics and disturbance at different times. When com-
paring the timing of the onset of the continuous curve
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between the available records with different site charac-
teristics there seems to be no clear association between
site characteristics and early P. abies establishment.

Differences between sites

The comparison of pollen abundances between two sites
is not straightforward, as differences in regional vegeta-
tion composition affect the representation of the vegeta-
tion surrounding the basin (Jackson and Wong 1994;
Sugita 1994). However, Pinus sylvestris and Betula are
the dominant pollen types at both sites and their different
proportions have only a small effect on the proportions of
the less abundant taxa, although the construction of dif-
ference diagrams is not feasible due to the coarse time
resolution of the lower part of the Styggtj�rnen record.
Additionally, pollen concentrations and accumulation
estimates from the lower part of the Styggtj�rnen core
(not shown) can be used for comparison with estimates
from Abborrtj�rnen.

Most prominent is the difference in the amplitude of
change (Fig. 6) between both sites. While major changes
in vegetation composition during the Holocene are mir-
rored in the Abborrtj�rnen sediment, the vegetation
composition around Styggtj�rnen was more stable. The
present day differences in climate between the two sites
(Table 1) are caused by their positions in the Scandes
Mountains (Fig. 1a), which have not changed during the
course of the Holocene. Changes in westerly airflow
should therefore have had a stronger influence on the
vegetation around Abborrtj�rnen than at Styggtj�rnen.
The forests surrounding Styggtj�rnen were probably al-
ways growing under a more continental and dryer climate,
which finds its expression in the continuously high values
of Pinus sylvestris and, relative to Abborrtj�rnen, lower
early- to mid-Holocene abundances of Alnus and Ulmus
pollen. The still relatively high Betula pollen proportions
at Styggtj�rnen probably originate to a large extent from
the subalpine Betula belt on the slopes of S�nfjellet. Thus,
the differences in vegetation composition between the
sites during the Holocene support the hypothesis that the
mid-Holocene vegetation change was caused by a re-
duction in westerly oceanic airflow (Giesecke in press).

The low winter precipitation (Table 1) and frequent
late frosts (Vedin 1995) in the valleys around S�nfjellet
may cause desiccation of Picea abies seedlings (Frey
1983). This may limit the occurrence of the tree to wa-
tercourses and higher elevations with more persistent
snow cover. Due to the stronger influence of Atlantic air
of the area around Abborrtj�rnen, P. abies reaches a
higher regional dominance here. The much slower ex-
pansion of P. abies populations around Styggtj�rnen may
be explained by infrequent years with successful regen-
eration at this altitude (Hofgaard 1993).

Conclusions

(1) Early Holocene vegetation succession and the estab-
lishment of Pinus sylvestris, Hippopha� rhamnoides
and Betula species in the central Scandes Mountains
closely followed the decay of valley glaciers and
stagnant ice or the drainage of ice-dammed lakes. The
earliest woods may have occurred on the slopes of
mountain ranges at times when the valleys were still
occupied by glaciers, stagnant ice or ice-dammed
lakes. Scattered occurrences of Corylus avellana
might have been present in the central Scandes before
the expansion of Alnus at about 9000 cal B.P. The rise
of the Alnus pollen curve represents the expansion of
both A. glutinosa and A. incana at Abborrtj�rnen.
Ulmus became regionally frequent in the lowlands at
about 7300 cal B.P. and its decline between 5000 and
6000 cal B.P. marks a period of changing forest
composition. The spread of Picea abies in the central
Scandes is divided into two phases. Early P. abies
outpost populations are palynologically detectable
from 6000 cal B.P. onwards, while the final expansion
of populations frequently occurs around 2500 cal B.P.
Human activity has probably had little impact on the
forest composition in the central Scandes Mountains.

(2) Early Holocene macrofossil finds of Corylus avellana,
Alnus glutinosa and Ulmus glabra (Kullman 1998a)
show some correspondence with pollen records from
the region. Tilia cordata was never a common con-
stituent of the forests within the region, but may have
had scattered occurrences. Pollen stratigraphies from
the area show no indication of the occurrence of
Quercus robur and the find of its macrofossils
(Kullman 1998b) may only indicate a rare occurrence.

(3) At present there is no palynological evidence from the
Scandinavian mountains to support the indications of
late glacial tree growth on �reskutan (Kullman 2002).
Finds of early Holocene Picea abies megafossils
(Kullman 2000, 2001) remain without parallel in pa-
lynological records. However, they may signify the
presence of P. abies populations that are too small to
be detected palynologically.

(4) The vegetation composition at Styggtj�rnen with a
more continental climate setting within the Scandes
Mountains has changed little during the time of the
Holocene. Abborrtj�rnen, a comparable site in a more
oceanic area on the other hand shows pronounced
changes in vegetation composition. These differences
may be partly caused by changes in westerly airflow
that had a smaller influence on the area around
Styggtj�rnen because the large westward extension of
the Scandes Mountains reduced the influence of mild
and moist Atlantic air throughout the Holocene.
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