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SHORT COMMUNICATION

The impact of shrub browsing by mountain hare and reindeer in subarctic Sweden

Tage Vowlesa*, Ulf Molaua, Lars Lindsteinb, Mathias Molaua and Robert G. Björkb

aDepartment of Biological and Environmental Sciences, University of Gothenburg, Gothenburg, Sweden; bDepartment of Earth
Sciences, University of Gothenburg, Gothenburg, Sweden

(Received 9 May 2016; accepted 20 November 2016)

Background: Climate warming has been causing an increase in tall shrub cover around the Arctic, however, mammalian
herbivory has been shown to inhibit shrub expansion. Though the effect of reindeer (Rangifer tarandus) and many other
mammals has been widely studied in this context, the role of the mountain hare (Lepus timidus) in subarctic Scandinavia
remains unknown.
Aims: To quantify browsing from mountain hare and reindeer on tall shrubs in different vegetation types and to investigate
differences in shrub preference between the two.
Methods: In the summers of 2013 and 2014, we counted signs of browsing by hare and reindeer on tall shrub species in 31
study plots at three alpine locations in the Scandes range, Sweden.
Results: Hare browsing was significantly more frequent than that by reindeer in two (dry-mesic heath and dry meadow)
out of seven vegetation types studied. Reindeer browsing was significantly higher in the low herb meadow and Långfjället
shrub heath. Two shrub species, Betula nana and Salix hastata, were significantly more browsed by hare, while reindeer
browsing was significantly higher on S. phylicifolia and S. lapponum.
Conclusions: Our results show that mountain hares can cause extensive damage to tall shrubs in the subarctic and may
have a stronger impact on shrub communities than previously recognised.

Keywords: Betula nana; browsing; Lepus timidus; Rangifer tarandus; Salix spp.; shrub expansion; subarctic; Sweden

Introduction

Climate warming has caused a well-documented increase in
shrubs in Arctic and subarctic areas over recent decades
(Tape et al. 2006; Elmendorf et al. 2012; Cramer et al.
2014; Myers-Smith et al. 2015), while herbivory has been
recognised as one of the key factors shaping shrub commu-
nities (Myers-Smith et al. 2011; Christie et al. 2015). In the
alpine tundra areas of subarctic Scandinavia numerous stu-
dies have shown that reindeer (Rangifer tarandus L.) can
reduce shrub abundance and biomass (e.g. Pajunen et al.
2008; Olofsson et al. 2009; Callaghan et al. 2013) and the
influence of ptarmigans (Lagopus lagopus), voles (Myodes
spp. andMicrotus spp.) and lemmings (Lemmus lemmus) on
tall shrub communities has also been extensively discussed
(Olofsson et al. 2004; Hakkarainen et al. 2007; Ravolainen
et al. 2011). The mountain hare (Lepus timidus L.), another
common herbivore in Northern Scandinavia has received far
less attention in this context. Mountain hares feed on both
dwarf birch (Betula nana L.) and willow (Salix spp.) species
(Bryant and Kuropat 1980; Pulliainen and Tunkkari 1987;
Bryant et al. 1989), which are species commonly associated
with Arctic shrub encroachment (Myers-Smith et al. 2011
and references therein). Yet, a recent review on the role of
vertebrate herbivores in regulating shrub expansion in the
Arctic by Christie et al. (2015) found only one study that
mentioned the impact of the mountain hare on these species,
which dealt with chemical coevolution between boreal

woody plants and boreal hares (Bryant et al. 1989). The
mountain hare’s American counterpart, the snowshoe hare
(Lepus americanus Erxleben), on the other hand, has been
widely studied (Christie et al. 2015) and is known to be able
to cause extensive damage to shrub communities, especially
during population highs (Wolff 1980; Smith et al. 1988).
Mountain hares generally experience less dramatic popula-
tion fluctuations than the 10-year cycles of snowshoe hares
in Alaska (Bryant et al. 1989), but usually reach population
peaks every 3–4 years in Fennoscandia (Angelstam et al.
1985; Angerbjörn and Flux 1995; Elmhagen et al. 2015) and
can reasonably be assumed to exert considerable browsing
pressure on shrubs during peaks.

While studying reindeer grazing in Northern Sweden
in 2012 (Vowles et al. submitted), we noticed that signs of
browsing on B. nana and Salix spp. by hares often seemed
to outnumber those of reindeer, especially on B. nana in
areas where Salix spp. was common. There is evidence
that reindeer browse more selectively than hares (Christie
et al. 2015), so a likely explanation seemed to be that
reindeer chose the more palatable Salix spp. in areas
where they were available, while hares may still choose
B. nana. In this study, we assessed this assumption by
investigating the relative frequency of traces of browsing
from hares compared to those of reindeer on different tall
shrub species. Specifically, the two research questions we
wanted to answer were:
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(1) Browsing damage on tall shrubs caused by moun-
tain hares is of similar magnitude as that caused
by reindeer.

(2) When willow shrubs are abundant, reindeer will
opt for these, whereas mountain hares are less
selective and are just as likely to choose dwarf
birch.

Materials and method

Study sites

The study was carried out in three locations along the
Scandes mountain range (Figure 1); Långfjället (62°05ʹN,
12°25ʹE), Ritsem (67°45ʹN, 17°40ʹE) and Latnjajaure (68°
21ʹN,18°29ʹE). At Långfjället and Ritsem, we used plots
established in 1995 as control plots for a grazer exclosure
experiment (see Eriksson et al. 2007) whereas at Latnjajaure
we established a number of new plots in the area around
Latnjajaure field station. Two sites were used at Ritsem, a
shrub heath and a low herb meadow, while there was only
one at Långfjället, a shrub heath (in-depth descriptions of the
sites can be found in Eriksson et al. (2007), where they were
named Långfjället dry heath and Ritsem dry heath and
meadow with low herbs, respectively). Though situated at
different ends of the mountain range, the vegetation at the

shrub heath sites at Långfjället (880 m a.s.l.) and Ritsem
(845 m a.s.l.) is similar, mainly dominated by low shrubs
such as Empetrum hermaphroditum Hagerup, Vaccinium
myrtillus L. and Vaccinium vitis-idaea L. and Cladonia
spp. At Långfjället another low shrub, Calluna vulgaris L.,
is very abundant, but this is not found at Ritsem. Other
distinguishing characteristics are that the Ritsem site has a
higher plant diversity with more graminoid and forb species,
and that the only tall shrubs in the Långfjället plots are B.
nana and Juniperus communisL. (which are very abundant),
whereas at Ritsem, Salix glauca L. can also be found. Due to
these differences, and the great geographical distance
between them (ca. 670 km), we chose to analyse the shrub
heath sites separately. The low herb meadow at Ritsem
(717 m a.s.l.) is located 10 km to the north-east of the dry
heath site and lies on richer, wetter soil and is therefore more
species rich. It is dominated by graminoids such as
Deschampsia cespitosa L. and several Carex species and
has a rich forb flora and more tall shrub species, with Salix
lapponum L., S. lanata L., S. hastata L., S. arbuscula L. and
S. phylicifolia L. all being common, along with the afore-
mentioned species. Hylocomium splendens (Hedw.)
Schimp. and Tomentypnum nitens (Hedw.) Loeske are abun-
dant bryophytes .

Latnjajaure field station (998 m a.s.l.) is situated in a
complex alpine landscape encompassing a wide range of
vegetation types (see Lindblad et al. (2006) for a detailed
description of the plant communities). Several types of
shrub habitat representative of the valley were identified,
within a 2 km radius of the research station, in which plots
were selected at random.We then broadly grouped these into
four categories; dry-mesic heath, dry meadow, mesic-moist
meadow and tussock tundra. The dry to mesic heath is
characterised by E. hermaphroditum and Salix herbacea L.
with Cladonia arbuscula (Wallr.) Flot. and Dicranum elon-
gatum Schwaegr. typifying the bottom layer. Common tall
shrubs were B. nana and S. glauca. The dry meadow is
defined by the dwarf shrub Dryas octopetala L., sedge
Carex bigelowii Torr. ex Schwein. and bryophyte
Rhytidium rugosum (Hedw.) Kindb., with B. nana and a
variety of Salix species in the tall shrub layer. In the mesic
to moist meadow, the field layer is characterised by sedge
species Carex vaginata Tausch. and C. bigelowii and the
bottom layer by T. nitens and H. splendens. B. nana is
dominant in the drier parts, whereas Salix species such as
S. myrsinites are more common in the wetter parts. Finally,
the tundra vegetation type, which consisted of only one plot,
is characterised by Eriophorum vaginatum L., peat mosses
(Sphagnum spp.) and tall shrubs B. nana and S. glauca.

Mountain hares and reindeer utilise the study sites in
different ways. All sites are grazed by reindeer in summer
before the herds migrate to winter pastures in the autumn. At
Långfjället, reindeer graze the site from ca. June to
September, whereas at Ritsem reindeer are present at the
shrub heath from April–December and at the low herb
meadow from June to September, and in Latnjajaure from
July to September (information obtained through personalFigure 1. Map of Sweden showing the three study locations.
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communication with reindeer herders at the respective sites).
Mountain hares, on the other hand, show high site-fidelity
and even though they are non-territorial, their annual home
ranges show high overlap between years (Dahl 2005).
Mountain hares and reindeer differ in their use of food
resources. Hares feed on tall shrubs mainly in winter,
when these may be the only vegetation to protrude above
the snow, and switch to graminoids and herbs in the summer
(Pulliainen and Tunkkari 1987; Angerbjörn and Flux 1995;
Hulbert et al. 2001; Hiltunen 2003), whereas reindeer feed
on leafed deciduous shrubs in spring and summer (Bergerud
1972; Skogland 1984; Ophof et al. 2013).

Study design

In July and August 2013, we surveyed three plots at
Långfjället, three plots at each of the two Ritsem sites and a
total of 12 plots at Latnjajaure for traces of browsing from
hares and reindeer on tall shrubs. In August 2014, an addi-
tional 10 plots were surveyed at Latnjajaure, making 31 plots
in total. In each 25 m × 25 m plot, we measured the height,
stem diameter (at the base) and approximate shrub diameter
(through two perpendicular measurements across the shrub,
as seen from above) of every tall shrub. We also noted the
number of main stems of each shrub and howmany branches
of each shrub that had been damaged due to browsing by
reindeer and by hares. Due to time constraints, we only
counted browsing damage per main stem, rather than per
individual branch, at Långfjället and Ritsem. Tall shrubs
were defined as shrub species with a potential maximum
height above 70 cm, as listed in Mossberg and Stenberg
(2008). No mature trees were found in any of the plots but
saplings of Pinus sylvestris and Betula pubescens ssp. czer-
epanovii were included. Whether the browsing damage was
caused by reindeer or hare was determined by the appearance
of the cuts of the browsed twigs. Hares bite off twigs with
their sharp incisors, leaving a very smooth cut surface,
whereas reindeer and other cervids tear off branches and
leaves, leaving a cut with frayed edges (Anderson et al.
2001; Reyes and Vasseur 2003; Öhmark 2015, see
Figure 2). We cannot rule out the possibility that some of
the ‘torn’ branches were in fact damaged by moose (Alces
alces) but since moose generally stay in birch forests at lower
elevations (Ericson et al. 2016), moose impact was judged to
be minimal.

Statistical analyses

Due to the non-normal distribution of the data, we used the
non-parametric Wilcoxon signed ranks test to test for differ-
ences between the number of shrubs browsed by hare and
reindeer in each vegetation type, and to explore differences in
preference of shrub species browsed by the two herbivore
species (probability of browsing). The analyses were carried
out using the ‘coin’ package in R (R Core Team 2012), which
uses the ‘Pratt’ method to handle ties (Hothorn et al. 2008).
To quantify the extent of the browsing relative to the size of

the shrub, we calculated browsing intensity by dividing the
number of twigs browsed on each individual shrub by the
number of main stems. For the Latnjajaure sites, we counted
the total number of twigs browsed whereas at Långfjället and
Ritsem, we only counted how many main stems were
browsed, which meant that the quotient for browsing per
main stem could not be higher than 1. We did not conduct
any statistical tests on browsing intensity as the number of
replicates (plots) was too low in themajority of the vegetation
types. Probability of browsing was calculated by dividing the
number of shrubs browsed by the total number of shrubs in
each plot, for each shrub species.

Results

In total,we surveyed31 studyplots. These plots contained 721
individual shrubs, out of which 337 (47%) showed signs of
browsing by reindeer and 244 (34%) by hares. However, the
reindeer prevalence in these numbers mainly reflects the pre-
dominance of reindeer browsing in one area, Långfjället,
where 146 shrubs (65%) out of 226 showed browsing by
reindeer compared to only 26 (12%) by hare. In the other
areas, the numbers were more similar; 21% versus 16% at
Ritsem and 55% versus 70% at Latnjajaure, for reindeer and
hare browsing, respectively. Arranged by vegetation type, two

Figure 2. Twigs of Salix glauca browsed by mountain hare
(Lepus timidus) (a) and reindeer (Rangifer tarandus) (b). Hares
bite off twigs with their sharp incisors, leaving a very smooth
cut surface, whereas cervids tear off branches and leaves, leav-
ing a cut with frayed edges. Though hare browsed twigs are
usually cut at a 45° angle, cuts like the one pictured are also
frequently found. Photographs: U. Molau.
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groups (dry-mesic heath and dry meadow, Wilcoxon signed
rank test, N = 14, Z = 2.12, P = 0.04 and N = 84, Z = 6.09,
P < 0.001, respectively) had significantly more shrubs grazed
by hare than by reindeer, two (shrub heath Långfjället and low
herb meadow, N = 226, Z = 10.65, P < 0.001 and N = 111,
Z = 2.10,P= 0.01, respectively) had significantlymore shrubs
grazed by reindeer, whereas the remaining three (mesic-moist
meadow, tussock tundra and shrub heath Ritsem) were not
significantly different (Figure 3).

B. nana and Salix species made up 98% of all shrubs in
the plots (59% and 39%, respectively). The remaining 2%
consisted of J. communis, P. sylvestris and B. pubescens ssp.
czerepanovii, but these were either not browsed (J. communis
and P. sylvestris) or too rare to be included. Therefore, we
singled out B. nana and Salix spp. for the calculation of
browsing intensity. There was considerable variation between
plots in all study areas, but hare browsing was more frequent
in all the vegetation types at Latnjajaure (Figure 4a). On B.
nana, the difference ranged from 137 times higher on the dry-
mesic heath to 18 times higher on the dry meadow and 10
times higher on the mesic-moist meadow (on the tussock
tundra there was no B. nana). For Salix spp., the correspond-
ing numbers were 1.9 to 2.6 and 1.3 times higher, and 2.5
times higher on the tussock tundra. At Ritsem, hare browsing
was nine and six times greater on B. nana at the low herb
meadow and shrub heath, respectively, but, on Salix spp.,
reindeer browsing was 26 and 13 times greater (Figure 4b).
In the Långfjället area, where there were no Salix spp. in our
study plots, reindeer browsing was 12 times more abundant.
To ensure that differences between Latnjajaure and the other
sites were not due to the difference in sampling method, we
recalculated the Latnjajaure data, changing the number of
browsed twigs to equal the number of main stems if higher
and leaving it unchanged if lower than the number of main
stems. This produced largely the same pattern as the original
data, with the only difference being that reindeer browsing

was slightly higher than hare browsing in the mesic-moist
meadow.

For two species, a significantly larger proportion of shrubs
had been browsed by hare than by reindeer;more than twice as
many S. hastata shrubs had been browsed by hares as by
reindeer (Wilcoxon signed rank test, N = 21, Z = 2.14,
P = 0.02) and nearly three times as many B. nana shrubs
(N = 422, Z = 3.14,P < 0.001). Two species were significantly
preferred by reindeer;S. phylicifolia (1.5 times asmany shrubs
browsed, N = 27, Z = 1.79, P = 0.05) and S. lapponum, which
had not been browsed by hare at all (Figure 5).

We could find no relationships between the descriptive
statistics of the shrubs (height, shrub diameter and stem
diameter) and browsing preference by reindeer or hare,
suggesting that these characteristics are too broad to indicate
any patterns in selectivity for these herbivore species.

Discussion

We have shown that browsing by mountain hare can be as
extensive as that of reindeer on tall shrubs in subarctic
Scandinavia. Several studies have suggested that reindeer
grazing can inhibit shrub encroachment in the Arctic (Post
and Pedersen 2008; Olofsson et al. 2009; Ravolainen et al.
2011) and our results indicate that hares can have the poten-
tial to be similarly influential in shaping shrub communities.
Furthermore, we found significantly more browsing damage

Figure 3. Total number of shrubs browsed by mountain hare
(Lepus timidus) and reindeer (Rangifer tarandus) in each vege-
tation type. Asterisks denote significant differences between the
two (*, P < 0.05; **, P < 0.01; ***, P < 0.001). Total number of
sampled shrubs in each vegetation type is shown beneath x-axis
labels. Abbreviations: D-M Heath, dry to mesic heath; D mead,
dry meadow; M-M mead, mesic to moist meadow; Tuss tun,
tussock tundra; LH Mead, low herb meadow; SH Rits, shrub
heath Ritsem; SH Lång, shrub heath Långfjället.

Figure 4. Mean browsing intensity by mountain hare and rein-
deer in Latnjajaure (a) and Ritsem and Långfjället (b). In
Latnjajaure (a), we counted the total number of twigs browsed
per individual shrub and divided by the number of main stems.
In Ritsem and Långfjället (b), we counted the number of main
stems browsed per individual shrub and divided by the number
of main stems. Error bars denote positive standard deviation and
represent variation between plots. The total number of plots for
each vegetation type is shown beneath x-axis labels.
Abbreviations: D-M Heath, dry to mesic heath; D mead, dry
meadow; M-M mead, mesic to moist meadow; Tuss tun, tussock
tundra; LH Mead, low herb meadow; SH Rits, shrub heath
Ritsem; SH Lång, shrub heath Långfjället.
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by hares than reindeer on B. nana, a species that has been
shown to be one of the most responsive to warming in the
Arctic (Chapin et al. 1995; Bret-Harte et al. 2001), which
further emphasises the potential importance of hare brows-
ing in holding back climate-driven shrub expansion.

Although this study leaves no doubt that hare browsing
can be as extensive as reindeer browsing, it is difficult to
speculate on which animal causes the most damage to shrub
communities. Differences in seasonality, i.e. that hares
browse shrubs mostly in winter (Angerbjörn and Flux 1995;
Hulbert et al. 2001; Hiltunen 2003), whereas reindeer mainly
feed on lichens in the winter and gradually switch to shrubs
and graminoids in the spring and summer (Skogland 1984;
Ophof et al. 2013), means that reindeer defoliate while hares
mostly cause damage to the wood, which could impact shrubs
differently. Birches (Betula pendula and B. pubescens), for
instance, respond to winter browsing by moose by producing
fewer shoots for the next winter, but those produced are
generally longer (Bergström and Danell 1987). In contrast,
summer browsing has less effect on shoot numbers but may
decrease their size (Bergström and Danell 1995). Thus, it is
possible that hare browsing influences shrub shoot numbers
and size, whereas reindeer may have a larger impact on total
biomass. Furthermore, differences in herbivore body sizemay
also be of importance. Hodar and Palo (1997) found that both
moose and mountain hare browsed twigs of mountain birch
from 1 to 6 mm in diameter, but moose generally chose
thicker twigs than hares did. Similarly, it can be assumed
that reindeer tend to browse somewhat thicker twigs than
hares do, which could have a larger impact on shrub biomass.

Then again, during years of population peaks, hares can
browse twigs of increased diameter due to competition for
resources (Wolff 1980; Smith et al. 1988), and may exert a
considerable pressure on vegetation during these years.
Further research, involving monitoring over several seasons,
is required to investigate the specific responses of individual
shrubs to different types of browsing.

Determining the sizes of the hare populations in our study
areas was beyond the scope of this study and, unfortunately,
neither the Swedish Environmental Protection Agency nor
the County Administrative Boards have any reliable data on
this, while culling data from the Swedish Association for
Hunting andWildlife Management do not cover the mountai-
nous regions of Northern Sweden. Although official data are
available on reindeer, it is nonetheless difficult to estimate
grazing pressure as the animals roam over such large areas. A
rough estimate can be made, for the sake of comparison, by
dividing the number of reindeer with an approximation of the
size of the pasture land for each reindeer herding district (data
from the Sami Parliament). This shows that the grazing
pressure is indeed highest at Långfjället (2.96 reindeer km−2),
followed by Latnjajaure (2.28), Ritsem meadow (2.22) and
Ritsem shrub heath (1.41). As all reindeer are semi-domes-
ticated in Sweden, their numbers are fairly constant even
though there may be considerable spatial variation between
years. Hare populations, on the other hand, have a tendency to
fluctuate along with rodent cycles (Elmhagen et al. 2015),
which means that the browsing pressure can vary a great deal
between years and we cannot dismiss the possibility that the
high frequency of hare browsing in the Latnjajaure area could
be due to an unusually large hare population in the region at
the time of our measurements. However, should this be the
case, it nonetheless means that every 3–4 years, during popu-
lation peaks, mountain hares exert considerable impact on
shrub communities. Our study serves to highlight the fact that
our knowledge of hare population dynamics and what affects
them, and in turn plant communities, is very limited, espe-
cially on a regional scale. Therefore, counts of droppings over
several years, or other types of monitoring, would be hugely
beneficial in giving a greater insight into hare influence on
shrub communities.

Our prediction that hares are more likely than reindeer to
select B. nana was confirmed. Reindeer appear to choose
Salix species over B. nana, which contains more secondary
compounds such as phenolic glycosides, condensed tannins
and flavonoids that make it less palatable (Christie et al.
2015). The reason why hares are less selective is not imme-
diately clear, but could have to do with the seasonality of the
browsing. Reindeer aremigratory (wintering in the lowlands),
and browsing on shrubs at the treeline and above takes place
almost entirely in summer when the branches are leafed.
Hares, on the other hand, stay all year round within their
home ranges; their summer grazing is mainly on graminoids
and herbs, but during the severe alpine winter they are
restricted to feeding on branches of shrubs emanating above
the snow pack. Though less palatable, the gross energy con-
tent of birch is higher than that of willow (Bryant and Kuropat

Figure 5. Mean probability of browsing by mountain hare
(Lepus timidus) and reindeer (Rangifer tarandus) for Betula
and Salix species in our study (number of shrubs browsed/
number of shrubs surveyed). Error bars denote positive standard
deviation and represent variation between plots. Asterisks
denote significant differences between the hare and reindeer
browsing probability (*, P < 0.05; **, P < 0.01; ***,
P < 0.001). The total number of plots in which each shrub
species was found is shown beneath the x-axis labels and the
total number of shrubs for each species in brackets.
Abbreviations: B.nan, Betula nana; B.pub, Betula pubescens
ssp. czerepanovii; S.arb, Salix arbuscula; S.gla, Salix glauca;
S., Salix hastata; S.lan, Salix lanata; S.lap, Salix lapponum; S.
myr, Salix myrsinifolia; S.phy, Salix phylicifolia.
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1980), which during the harsh winter months may lead hares
to more often choose dwarf birch. A comparison of the effects
of birch phenolics on mountain hares and European hares
(Lepus europaeus Pallas), which do not depend on a diet of
woody shrubs in the winter, showed that European hares had
suffered severe sodium losses, whereas mountain hares had
not, even though protein digestibility was depressed in both
species (Iason and Palo 1991), leading the authors to suggest
that detoxification ability rather than differences solely in
digestive ability may contribute to different feeding strategies
in mammalian herbivores. Hence, mountain hares may have
developed a higher tolerance to birch phenolics than mam-
mals with a less shrub-heavy winter diet. Furthermore, snow-
shoe hares have been found to be able to consume chemically
defended shrubs by biting off twigs and eating only the older,
less toxic, part of the twig while rejecting the younger, more
toxic, segment (DeAngelis et al. 2015), suggesting that beha-
vioural mechanisms may also play a part in the generalist
feeding behaviour of hares. An alternative explanation would
be that dwarf birch, despite generally being lower in stature
than willow at our sites (mean ± standard deviation:
13.7 ± 5.9 cm compared with 18.1 ± 5.0 cm), more often
protrudes above the snow due to having more rigid stems, but
Sturm et al. (2005) found that whether shrubs bend down
under the weight of snow depends foremost on stem diameter,
rather than on their species, and willows had, on average,
thicker stems at our sites (mean ± standard deviation:
8.8 ± 2.8 mm compared with 6.4 ± 2.7 mm). Also, we
found no significant correlations between browsing frequency
and shrub height or diameter to support this. More detailed
measurements of the height of browsing and snow depth,
rather than proxies such as shrub height or stem diameter,
would be needed to bring more clarity to this matter.

Two species were significantly more browsed by
reindeer than by hare, S. phylicifolia and S. lapponum.
Salix phylicifolia is presently advancing in elevation, in
response to a warming climate, and just recently started
to colonise snowbed habitats in the mid-alpine zone,
and a possible reason that it is not being browsed by
hare to any great extent is that the shrubs are still not
tall enough to protrude above the deep snow pack in
winter (Björk and Molau 2007; Callaghan et al. 2013).
Remarkably, S. lapponum had not been browsed by
hares at all. Only 17 individuals of this species were
found, in two plots at the Ritsem low herb meadow, but
the reason why this species had avoided hare damage
altogether is not known.

Finally, it should be noted that estimating the age of
browsed twigs in the field is difficult, which is why we did
not try to do this for our study, and hence it is likely that our
data include traces of browsing accumulated over several
years. Furthermore, the seasonal differences in habitat utili-
sation between mountain hares and reindeer complicate an
exact comparison between the two species of browsing
intensity over a defined period. Instead, our study should
be seen as an exploratory assessment of the influence of two

disparate herbivores on tall shrub communities in the sub-
arctic, which highlights the need for more detailed studies.

Conclusions

We found the following answers to our research questions:

(1) Browsing damage caused by hares was as abundant
as that caused by reindeer. Although there was a
higher frequency of reindeer browsing in total,
mainly due to the reindeer dominance in Långfjället,
in two out of the seven vegetation types, hare-
browsed shrubs significantly outnumbered reindeer-
browsed ones. Furthermore, in Latnjajaure, hare
browsing was more common in all vegetation types
on both B. nana and Salix species.

(2) Reindeer select Salix spp. when available,
whereas hares are as likely to choose B. nana as
Salix spp. In all the vegetation types where B.
nana and Salix spp. were present, hare browsing
was more frequent on B. nana and reindeer
browsing on Salix spp. In Långfjället, where
there were no Salix spp., there was dramatically
more reindeer than hare browsing on B. nana, yet
despite this, hare browsing was significantly
greater than reindeer browsing on B. nana in total.

These results show that hare browsing may be more
influential in shaping shrub communities in the Swedish
subarctic than previously recognised and, consequently,
underline the need for more research dedicated to disen-
tangling the relative importance of different herbivores in
tundra ecosystems, as well as the need for more reliable
data on hare populations.
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