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Abstract Shrubs and trees are expected to expand in the
sub-Arctic due to global warming. Our study was conducted
in Abisko, sub-arctic Sweden. We recorded the change in
coverage of shrub and tree species over a 32— to 34-year
period, in three 50 x 50 m plots; in the alpine-tree-line
ecotone. The cover of shrubs and trees (<3.5 cm diameter at
breast height) were estimated during 2009-2010 and com-
pared with historical documentation from 1976 to 1977.
Similarly, all tree stems (>3.5 cm) were noted and positions
determined. There has been a substantial increase of cover
of shrubs and trees, particularly dwarf birch (Betula nana),
and mountain birch (Betula pubescens ssp. czerepanovii),
and an establishment of aspen (Populus tremula). The other
species willows (Salix spp.), juniper (Juniperus communis),
and rowan (Sorbus aucuparia) revealed inconsistent chan-
ges among the plots. Although this study was unable to
identify the causes for the change in shrubs and small trees,
they are consistent with anticipated changes due to climate
change and reduced herbivory.

Keywords Vegetation change - Tree-line - Shrubs -
Sub-Arctic - Herbivory - Human impacts

INTRODUCTION

Environmental change is a major issue in the Arctic where
global warming is amplified, biodiversity is changing, and
impacts from human activities are increasing (ACIA 2005;
Anisimov et al. 2007). These factors together affect the
structure and function of northern ecosystems, and their
services to local people, and the global community (Chapin
et al. 2005). Areas of particular concern are the northern
altitudinal and latitudinal tree-lines (Callaghan et al. 2002).
These ecotones are associated with a rich biodiversity and
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the provision of important ecosystem services including
local resources and regulatory factors of global significance
such as climate modification (Callaghan et al. 2002; ACIA
2005). Recently, there has been a developing literature
showing observed changes in tree-line forests and the
shrubs associated with them (e.g. Kullman 2002; Karlsson
et al. 2007; Van Bogaert et al. 2009, 2011; Olofsson et al.
2009; Hallinger et al. 2010).

Interestingly, the mountain birch tree-line was
300-400 m above the present altitude (up to 800 m above
sea level) in the Abisko area about 5000—10 000 years ago
(Barnekow and Sandgren 2001; Van Bogaert et al. 2011).
However, the tree-line became depressed during two clo-
sely succeeding periods of climate cooling, often consid-
ered as one, the Little Ice age from mid sixteenth century
until early twentieth century (Grubb 2008). After the end of
the Little Ice age, the tree-line began to increase in altitude
(Grubb 2008). In addition, reports show an increased
growth and establishment of saplings above the present
tree-line (Truong et al. 2006), and a new tree species
(aspen) has become naturalized (Van Bogaert et al. 2009).

There is an indication that the shrub layer near the tree-
line has expanded, since the 1930s in the Abisko area
(Enquist et al. 1933; Sandberg 1963). Data from Canada,
Fennoscandia, Alaska and Russia, reveal that there is a
Pan-Arctic expansion of shrubs and trees in progress (e.g.
Kullman 2002; Tgmmervik et al. 2004; ACIA 2005; Tape
et al. 2006; Karlsson et al. 2007; Olofsson et al. 2009;
Hallinger et al. 2010; Hedenas et al. 2011 [this issue]). The
tree-line, in Swedish mountains is predicted to continue to
move upward with increasing temperatures in the future
(Moen et al. 2004).

The increase of shrub growth maybe related to higher air
temperature (Cooper et al. 2004; Walker et al. 2006).
A study based on experiments from 11 sites across the
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Pan-Arctic area revealed that climate warming might cause
an increased growth of shrub species (Walker et al. 2006).
Indeed, the winter and spring temperature has increased by
approximately 2.5°C since the beginning of the twentieth
century in the Abisko area (Callaghan et al. 2010). However,
exceptions occur: A warming of 3°C had a negative effect on
germination and establishment of young seedlings of vari-
ous sub-arctic tundra species (Shevtsova et al. 2009), while
recently observed warming events in winter damage some
shrubs (Bokhorst et al. 2009). However, precipitation and
especially snow depth have been reported to be even more
important factors for shrub expansion (Wahren et al. 2005).
The weather record from the Abisko Scientific Research
Station shows that the snow depth has increased by
approximately 10% per decade, since 1930-1940s to year
2000 (Kohler et al. 2006), although it has declined recently
(Callaghan et al. 2010).

Climate is; however, not the only factor that affects tree-
line (Hofgaard 1997; Holtmeier and Broll 2005; Karlsson
et al. 2007). Herbivory, both vertebrate (i.e. reindeer
(Rangifer tarandus), moose (Alces alces), hare (Lepus tim-
idus) and microtine rodents (Clethrionomys spp., Microtus
spp. and Lemmus lemmus), and invertebrates (e.g. outburst
of autumnal moth (Epirrita autumnata) may limit the
expansion and growth of trees and shrubs (e.g. Olofsson
et al. 2004; Karlsson et al. 2005, 2007; Olofsson et al. 2009;
Van Bogaert et al. 2011). Sami reindeer husbandry spread
into the area during the seventeenth century, and around the
beginning of twentieth century it expanded to become more
of an industry that is now well-established in the northern
parts of Sweden (Emanuelsson 1987). Furthermore, there
was extensive tree-cutting of mountain birch during the
building of the railway in the beginning of twentieth century
which probably caused the tree-line to recede (Emanuelsson
1987).

It is important to improve our understanding of vegetation
change and the causes of these changes to improve forecasts
of future change, which could be used for hypothesis testing
(e.g. Johnson et al. 2011 [this issue]), adaptive management,
and mitigation. Unfortunately, there are relatively few long-
term biologically-focused environmental monitoring pro-
grammes in the Arctic (ACIA 2005). Consequently, an
international project, Back to the Future (Callaghan and
Tweedie 2011 [this issue]), was established during the
International Polar Years (2007/2008) for further under-
standing of the recent decade-time scale vegetation change
by rescuing, resampling, and assessing change at sites where
historic biotic and abiotic research had been conducted.

The aim of this study is to record changes in the cover
and the abundance of trees and shrubs spanning during the
period from 1976-1977 and 2009-2010 near Abisko,
northern Sweden. This study differs from others that have
measured changes in tree and shrubs over decade-time
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scales in that the change has been assessed based on direct
comparison of historic and recent observations (and not as
a result of indirect methods such as denrochronology and
remote sensing).

STUDY AREA

This study was conducted on an east-facing slope of the
mountains Slattatjakka/Njulla, 68°21'N 18°49'W in the
Abisko Valley, approximately 200 km north of the Arctic
Circle, in the county of Norrbotten, Sweden (Figs. 1, 2).
The local climate in the Abisko Valley is affected by strong
orographic effects. The mean annual precipitation, mea-
sured at Abisko Scientific Research Station, is the lowest
in Sweden—approximately 310 mm for the period of
1913-2000 (Kohler et al. 2006). Annual mean temperature
is nowadays 0.7°C (Kohler et al. 2006).

MATERIALS AND METHODS

Four plots, 50 x 50 m, were established in 1976-1977 by
Nils-Ake Andersson (unpublished). Three of the plots, A2,
A3, and A4 were established in the tree-line ecotone.
Another plot, Al, was established in the valley with mixed
forest. The plots were established with the aid of measuring
tapes and compasses. In each plot, a grid consisting of
twenty-five, 10 x 10 m squares, marked with sticks, was
lain down over the area. The cover of all shrubs and tree
taxa was drawn on a detailed vegetation map. This was
done by estimating the outline of each shrub and tree
(<3.5 cm DBH; diameter at breast height) with measuring
tapes. The number of tree stems >3.5 cm DBH was also
noted, with the aid of a calliper. They found dwarf birch
(Betula nana), juniper (Juniperus communis), mountain
birch (Betula pubescens ssp. czerepanovii), rowan (Sorbus
aucuparia), and willow species (Salix spp.) (nomenclature
according to Karlsson 1997) in 1976-1977.

In September 2009 and August 2010, three of the ori-
ginal plots—A2, A3, and A4 were relocated and resampled
(Figs. 1, 2). Loss of original maps made it impossible to
exactly locate plot Al, which was therefore omitted from
this study. A3 and A4 were located at the tree-line (i.e.
sparse occurrences of solitary trees or small tree groups),
and A2 was located below A3, at the forest-line (i.e. parts
of the plot consist of a denser mountain birch forest). The
positions of these three plots were identified almost exactly
by comparing the present vegetation structure and location
of a few solitary boulders with the original maps that were
made in 1976-1977. The most helpful structures were the
juniper shrubs as their distribution and cover showed rel-
atively small changes. The field vegetation in plots A2 and
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Fig. 1 Map of Sweden showing the location of Abisko, the three study pl

ots A2, A3, and A4 (black stars), and the Abisko Scientific Research

Station (ANS) where the meteorological station is located. © Lantmiteriet, drende nr I 2010/0345

A4 was mainly dominated by Empetrum nigrum ssp. her-
maphroditum and graminoids with narrow leaves. The field
vegetation in plot A3 was dominated by meadow vegeta-
tion with both low and tall herbs, while only a minor part of
the area was covered with E. nigrum ssp. hermaphroditum
and graminoids with narrow leaves (Fig. 2).

The locations and coverage of the different shrub and
tree species (<3.5 cm DBH), and number of tree stems
(>3.5 cm DBH) in the three plots were recorded with a
Differential Global Positioning System (DGPS, Trimble
R7-GNSS receiver with a TSC2 Controller; Trimble 2008).
Shrub surveys used the “continuous topo” and fixed real-
time kinematic (RTK) functions where the DGPS was
configured to record an X, y, and z position every 1 to 2 s as
the surveyor slowly moved around each shrub, providing a
centimeter-level accuracy for each position. The diameters
of trees >3.5 cm were measured with callipers and located
using the DGPS “Measure point”, and fixed RTK functions
(Trimble 2008). The projected coordinate system used
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during the measurements was the National Grid of Sweden,
SWEREF99 TM.

ArcGIS 9.3.1 was employed to analyze the data. The old
hand-made maps of the study sites were digitalized to
shape files to enable comparison with the new data. With
an uneven terrain, deviation, and different projections, the
maps from 2009/2010 in SWEREF99 TM were somewhat
tilted compared with the squared maps from 1976/1977.
However, the plot corners were at the same locations in
2009/2010 as in 1976/1977. The retrieved coordinates were
converted into polygons and the coverage of each species
was calculated with the aid of the ArcGIS 9.3.1.

Data Analysis
We used paired #-tests to assess whether there were any
differences in cover (<3.5 cm DBH) or the number of tree

stems per plot (>3.5 cm DBH) between 1977-1979 and
2009-2010. This analysis was conducted for all tree and
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Fig. 2 Photography a was taken in 1977, by N.-A. Andersson, and photo b was taken in 2009 by H. Hedenas. They are taken from
approximately the same location, uphill from plot A2, looking towards plots A3 and A4

shrub species combined as well as for each species sepa-
rately, i.e. B. mnana, B. pubescens ssp. czerepanovii,
J. communis, Populus tremula, Salix spp., and S. aucupa-
ria. Cover values and number of stems were log-trans-
formed before analysis. All t-tests were conducted with the
statistical package R 2.11.1.

RESULTS
Cover of Shrubs and Trees <3.5 cm DBH

Our analysis revealed a significant (p = 0.010) increase in
the overall cover of shrubs and trees (<3.5 cm DBH) over

) © Royal Swedish Academy of Sciences 2011
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the last 32-34 years (Table 1; Figs. 3, 4, and 5). One
species, B. pubescens showed a significant (p = 0.005)
increase in all the plots and a second species B. nana
showed a substantial increase in all the plots (p = 0.053).
A third species P. tremula, recorded during 2009-2010
occurred in all the plots but was not recorded in any of the
earlier surveys. Of the species studied, B. pubescens
showed the largest expansion over time with cover
increasing by over 500% in all the three plots. The cover of
B. pubescens ranged between 47.4 and 521.1 m? in plots
A4 and A2, respectively (Table 1). The cover of B. nana
was the highest among the focal species in the 1970s, and
is still the highest today, varying between 107.3 m?” in plot
A3 and 954.5 m? in plot A4 (Table 1). P. tremula had a
cover during 2009-2010 that varied between 1.6 and
11.0 m?in plots A4 and A3, respectively (Table 1; Figs. 3,
4, and 5).

All three other focal species, J. communis, Salix spp.,
and S. aucuparia showed an inconsistent pattern among the
plots. J. communis increased slightly in two of the plots;
from 356.5 to 387.2 m” in A3 and from 164.7 to 170 m* in
A4; which corresponds to an increase of 8.6 and 3.2%,
respectively. However, this species decreased in plot A2
from 38.9 to 28.9 mz, which corresponds to a 25.7%
decrease (Table 1; Figs. 3, 4, and 5). The cover of Salix
spp. decreased by 27.6%, from 144.2 to 104.4 m? in A2,
while it increased by 18.6% (213.3-253.0 m?) in plot A3
and 202.1% in plot A4 (33.3-100.6 mz, Table 1; Figs. 3, 4,
and 5). S. aucuparia showed a decrease in the coverage in
plot A2 from 12.2 to 8.6 m* which corresponds to a 29.5%
change, and an increase in coverage in plot A3 from 4.4 to
14.9 m? from 1976-1977 to 2009, which corresponds to a
238.6% change (Table 1). There was no change of cover-
age of S. aucuparia in plot A4 (Table 1).

Number of Stems =3.5 cm DBH

There were no overall significant changes in the number of
tree stems >3.5 cm DBH between surveys (Table 1). The
total number of tree stems decreased 3.5% in plot A2, and
increased by 97.6% in plot A3, and 200.0% in plot A4
(Table 1; Figs. 3, 4, and 5). The number of B. pubescens
stems in plot A3 showed a 145.5%, increase (i.e. from 33
stems in the 1970s to 81 stems in the year 2009) and a
200.0% increase in plot A4 (i.e. from one stem in 1970s to
three stems in the year 2009, Table 1). The number of B.
pubescens stems decreased in plot A2 from 198 to 191
stems (a 3.5% decrease). The number of Salix spp. stems
increased from two to five in plot A2, and decreased from
five to zero in plot A3 (Table 1). The number of S. aucu-
paria stems decreased from three stems, in the 1970s, to
zero stems during 2009/2010 (Table 1). No P. tremula
stems were found.
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DISCUSSION

Our study revealed that the total shrub cover and the
number of tree stems increased considerably since the mid
1970s. Our general results are in agreement with other
studies that have observed an expansion of deciduous shrub
and tree species throughout the Arctic (Sturm et al. 2001;
Tape et al. 2006; Olofsson et al. 2009; Hallinger et al.
2010). However, there was no consistent transition over
time among species. B. pubescens, B. nana, and P. tremula
increased considerably in all the plots. A particularly
important observation was that P. tremula, not observed in
the 1970s, had become established in all the plots and has
also been noted nearby by Van Bogaert et al. (2011). The
trends of the other species revealed a more complex pat-
tern. In general, they increased or were stable in the two
plots (A3 and A4) located at the tree-line while they
decreased in the nearby plot (A2) located at the forest-line
below. The coverage of the gymnosperm J. communis
remained almost unchanged in the two plots at the tree-line
(A3 and A4), while it decreased in the plot located at the
forest-line (A2). The coverage of Salix spp., however,
increased in the two plots located at the tree-line (A3 and
A4), while it decreased in the plot located at the forest-line
(A2). The contrasting response of J. communis agreed with
findings from a study based on dendrochronology from the
same area (Hallinger et al. 2010), and with observations
from the Central European Alps (Zeidler et al. 2009). The
increase of Salix spp. in the tree-line plots also agrees with
other studies that have reported a considerable expansion
of willows in arctic and sub-arctic areas (e.g. Sturm et al.
2001; Tape et al. 2006; Forbes et al. 2009). However, the
decrease of willows at the forest-line does not follow this
pattern.

Today, climate change is very much in focus, particu-
larly in the Arctic (ACIA 2005; Anisimov et al. 2007), and
changes in the climatic parameters over a 30-year period are
often inferred to explain the observed pattern. Indeed,
increased temperatures and increased snow depth in the area
over the last century (Kohler et al. 2006) could have con-
tributed to the increase in deciduous shrub and tree cover
(cf. Weih and Karlsson. 1997; Sturm et al. 2005; Kohler
et al. 2006; Tape et al. 2006; Torp 2010). Further, increased
length of growing season has been suggested as one of the
major factors causing tree and shrub expansion (Torp 2010).
Kohler et al. (2006) found no indication of any net change in
the start of the growing season over the last century.
However, it is likely that the growing season had started
earlier, at our plots, in the past decade (Callaghan et al.
2010; Andrews et al. 2011 [this issue]).

Furthermore, the temporary lower temperatures during
the “Little Ice Age”, i.e. two periods of colder climate from
middle of the sixteenth century until the beginning of the
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Fig. 3 Cover of trees and shrubs <3.5 cm DBH, and position of tree

pattern denotes B. nana <3.5 cm DBH, red outline denote B.
stems >3.5 cm DBH, in plot A2 a 1976-1977 and b 2009. Lines and

pubescens ssp. czerepanovii <3.5 cm DBH, black outline denotes
filled areas denote coverage and crosses indicate tree stems. Both J. communis <3.5. cm, blue outline denotes S. aucuparia <3.5 cm
plots are 50 x 50 m. Red crosses denote B. pubescens ssp. czerep- DBH, gray filling denotes Salix spp <3.5 cm DBH, and green filling
anovii stems >3.5 cm DBH, black crosses denote Salix spp. >3.5 cm denotes P. tremula <3.5 cm DBH

DBH, blue crosses denote S. aucuparia >3.5 cm DBH, hatched

(a) 1976-77 (b) 2009

Fig. 4 Cover of trees and shrubs <3.5 cm DBH, and position of tree stems >3.5 cm DBH, in plot A3 a 1976-1977 and b 2009. Both plots are
50 x 50 m. For key to the symbols see legend to Fig. 3

Van Bogaert et al. 2009). In addition, low abundances of The main reasons for the lack of growth and expansion of
microtine rodents and reindeer might also contribute to the  the J. communis population might be competition and
establishment of P. tremula. shading from trees in combination with a scarcity of suitable
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Fig. 5 Cover of trees and shrubs <3.5 cm DBH, and position of tree stems >3.5 cm DBH, in plot A4 a 19761977 and b 2010. Both plots are

50 x 50 m. For key to the symbols see legend to Fig. 3

sites for colonization and insufficient disturbance (Zeidler
etal. 2009). Further, Tape et al. (2006) found that the greatest
expansion of shrub species occurred in areas with the highest
amount of disturbance, as there was a relationship between
the amount of disturbance and the nutrient availability.

We have documented rapid and substantial increases in
the abundance of prominent tree and shrub species near
tree-line and forest-line in sub-Arctic Sweden and have
recorded an invasion by a thermophilic tree species not
present in the plots 34 years ago. Land-use, grazing pres-
sure, temperature, snow depth, and length of growing
season are all important variables that have changed over
the last decades which one by one or together may influ-
ence the observed changes in shrub and tree cover. In
addition, past changes in reindeer grazing (Van Bogaert
et al. 2011), temperature, and land-use may influence
present changes in shrub and tree cover.
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