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Abstract: The ongoing climate warming has been reported to affect a broad range of 

organisms, and mountain ecosystems are considered to be particularly sensitive because 

they are limited by low temperatures. Meteorological data show an increased temperature 

for the alpine areas at Dovrefjell, Norway, causing a prolonged growing season and 

increased temperature sum. As part of the worldwide project Global Observation Research 

Initiative in Alpine Environments (GLORIA), the short-term changes in vascular plant 

species richness, species composition of lichen and vascular plant communities, and 

abundance of single species were studied at four summits representing an altitudinal 

gradient from the low alpine to the high alpine zone. During the period from 2001 to 2008, 

an increase in species richness at the lowest summit, as well as a change in the composition 

of vascular plant communities, was found at the two lowest summits. The results also 

indicate an increase in abundance of some shrubs and graminoids and a decline in the cover 

of some species of lichens at the lowest summit. These changes are in accordance with 

climate induced changes reported in other studies, but other causes for the observed 

vegetation changes, in particular changes in grazing and trampling pressure, cannot be 

ruled out.  
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1. Introduction 

Over the past century, the European continent has experienced an increase in average annual surface 

temperature of 0.8 ºC [1], and the average length of the growing season has increased by 10.8 days 

since the beginning of 1960 [2]. In Norway the mean annual temperature has increased by 0.5–1.5 ºC 

from 1875 to 2004 [3]. Climate change has already been shown to affect a broad range of  

organisms [4-6], and over the 21st century the annual temperature in Europe is estimated to continue to 

increase by 0.1–0.4 ºC per decade [1].  

Mountain ecosystems are considered highly sensitive to climate change because they are limited by 

low temperatures [7-11], and for the same reason mountain ecosystems can be used as indicators of the 

impacts of climate change [8]. Prolonged growing season and increased temperature will remove some 

of the environmental limitations and open the areas for invading plants from lower elevations [9,12], 

and an upward shift in distributions is expected. The local species diversity is expected to increase 

since species from lower elevations invade faster than present species become locally extinct [13]. 

However, alpine plants are easily outcompeted by thermophilic species [14], and, in the long run, cold 

adapted species might be driven out of their present distribution range and alpine biodiversity will be 

reduced [15-17]. 

An overall trend of upward movement of the alpine flora and increased species richness has been 

found in the Alps [13,18-22] and the trend is accelerating [6]. Similar findings are also reported from 

the Scandes [23-25]. In Jotunheimen, Norway, Klanderud and Birks [23] found that 53.5% of the 

species recorded at 25 mountains in Jotunheimen in 1930, 31 were found at higher altitudes in 1998, 

with a mean upward movement of 1.2 height meters per year.  

Pauli et al. [13] report that the mean number of species per square meter increased by 11.8% in their 

study site at Mount Schrankogel in the Alps from 1994–2004, and they relate this change to the 

pronounced temperature rise in the Alps in the last century. Erschbamer et al. [26] found an increase in 

species richness in mountain summit areas over a five year period in the Dolomites. 

Changes in species composition have also been observed, with an increased occurrence of dwarf 

shrubs and graminoids [27,28], and an increase of viviparous and hemiparasitic species [27]. On the 

other hand, Chapin et al. [29] report decreased species richness as a response to experimental warming 

in Arctic tundra over a nine year period, associated with strong dominance of Betula. In this study, 

evergreen shrubs and understory forbs showed a more pronounced decline than other species.  

The Global Observation Research Initiative in Alpine Environments (GLORIA) is an international 

long-term observation network in alpine environments to detect impacts of climate change on 

mountain ecosystems [10,30,31]. In 2001 the first fieldwork in GLORIA-Europe was carried out and 

baseline data from 18 target regions in 13 European countries were collected, amongst them the 

GLORIA target region at Dovrefjell, Norway [10,32,33]. 
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In this article the re-inventory of the four summits at Dovrefjell in 2008 is presented. The aim of the 

study was to determine if there have been any changes in the vegetation on alpine summits on 

Dovrefjell from 2001 to 2008 and whether such changes can be related to changes in the climate in the 

same period. Other possible causes for changes in vegetation will also be addressed. 

The initial hypothesis was that if the temperature has increased in the study area there are reasons to 

expect that the species richness has increased and that there has been a change in the cover and 

abundance of some species, primarily an increase of woody plants and graminoids, on the study 

summits, considering the results of previous studies [13,18-23,27]. This should potentially be related to 

a decline in lichen cover on the same summits [29]. 

2. Background and Methods 

2.1. Study Area 

Most GLORIA target regions consist of four summits exposed to the same regional macroclimate. 

Together the summits represent an elevation gradient from the treeline ecotone and upwards to high 

alpine areas. The summits selected at Dovrefjell are Vesle Armodshøkollen (1,161 m a.s.l., low alpine 

zone), Veslekolla (1,418 m a.s.l., in the transition between the low alpine and the middle alpine zone), 

Kolla (1,651 m a.s.l., in the transition between the middle alpine and the high alpine zone) and 

Storkinn (1,845 m a.s.l., high alpine zone) (Figure 1). 

The area is divided by the Drivdalen valley, which goes in a north-south direction (the railroad in 

Figure 1 follows the valley). Three of the summits are located to the west of the valley. These parts of 

the Dovrefjell area are dominated by old Precambrian bedrock which mainly consist of resistant and 

often strongly metamorphosed rocks. At the summits Storkinn and Veslekolla, the bedrock mainly 

consists of metamorphosed sandstone, whereas at Kolla, the bedrock consists of gneiss, granite and 

anorthosite. In the eastern parts of Dovrefjell the bedrock belongs to the Trondheim field, where the 

bedrock originates from the formation of the Caledonian mountain range. The lowest summit, Vesle 

Armodshøkollen, is located to the east of Drivdalen valley, and the bedrock at this summit consists of 

greenstone and amphibolite [34,35]. Vesle Armodshøkollen is characterized by a rich alpine flora, 

whereas the mountains to the west of Drivdalen have lower species richness [36]. 

The main large herbivores in this area are musk ox, wild reindeer and sheep. In the area east of the 

valley, where Vesle Armodshøkollen is located, the number of sheep released in the summer has 

increased from 4,567 individuals in 1999 to 6,119 in 2008. In addition, about 350 sheep and 700 lambs 

from a neighboring municipality graze in the area around Vesle Armodshøkollen early in the grazing 

season [37]. The reindeer herd in the area has been fluctuating over the years and was about 1,500 in 

the eastern part and 1,700 in the western part in 2008 [37]. The herd in the western part is considerably 

larger and reached between 8,000–12,000 individuals in the 1950s [38].  

The musk ox was reintroduced in the region with new individuals brought in as late as 1953, and the 

number of musk ox has increased from about 20 individuals in the middle of the 1960s [39] to 213 

individuals in 2006. The musk oxen mainly stay in the western part of the Dovrefjell national park, 

west of Drivdalen valley [39]. 
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Lichen covered areas like those found at Vesle Armodshøkollen are not very suitable as pasture for 

sheep and are probably not grazed by these animals to any large extent. The areas might be used as a 

resting area for sheep and hence be exposed to trampling [40]. However, lichen covered ridges where 

the snow-cover is thin are important as winter pastures for reindeer [41]. 

Figure 1. Map over Dovrefjell showing the location of the four summits studied; Vesle 

Armodshøkollen (1,161 m a.s.l.), Veslekolla (1,418 m a.s.l.), Kolla (1,651 m a.s.l.) and 

Storkinn (1,845 m a.s.l.), indicated by green circles and the location of the weather stations; 

Snøheim (1,505 m a.s.l.), Kongsvoll (930 m a.s.l.) and Fokstugu (972 m a.s.l.) indicated by 

red squares. The detailed map shows the area from N62º6.1′ E9º15.9′ in the lower left 

corner to N62º22.3′ E9º50.2′ in the upper right corner.  

 

2.2. Climatic Conditions 

There are three meteorological stations in the area (Figure 1); Fokstugu (930 m a.s.l.) established in 

1923 measuring air temperature, precipitation and snow depth, Kongsvoll (972 m a.s.l.) with air 

temperature data from 1980 to 2004, and Snøheim (1,505 m a.s.l.) with air temperature data from 2001. 

At the weather station Fokstugu, the climate is characterized by a mean annual temperature of −0.1 ºC 

for the period 1961–1990. The warmest month is July with an average of 9.8 ºC for this period, and the 
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coldest month is January with an average of −8.8 ºC. The average yearly precipitation at Fokstugu is 

435 mm (data available at http://www.eklima.no). 

Based on data from several surrounding weather stations including the above-mentioned,  

Hanssen-Bauer [3] found an increase of 0.06 ºC per decade from 1875 to 2004. According to  

Hanssen-Bauer [3] there has been two periods of warming during this period; the first one starting in 

the beginning of the 20th century with a peak in the 1930s, and a second period starting in the 1960s 

which is still ongoing, both with an increase of 0.34 ºC per decade. Isaksen et al. [42] has shown an 

accelerated warming during the last decade based on results from thermal time series data from 

boreholes in permafrost at Juvasshøe (61°40′N, 8°22′E) at 129 m depth. Figure 2 shows the seasonal 

temperature trends in the period for Fokstugu weather station. At Fokstugu there are positive trends for 

winter mean temperature (0.034 ± 0.012 ºC year
−1

), for spring mean temperature  

(0.014 ± 0.004 ºC year
−1

), and for autumn mean temperature (0.010 ± 0.004 ºC year
−1

) for the period 

1923–2008, but no detectable trend for summer mean temperature. The annual trend is  

0.017 (± 0.002) ºC year
−1 

for the period March 1923 to May 2008, but with a steeper trend of 0.047 

(± 0.008) ºC year
−1

 for the last 30 years (June 1978–May 2008). At the weather station Kongsvoll, the 

annual trend is of 0.050 (± 0.016) ºC year
−1

 from 1980 to 2004, while there is no detectable trend at the 

weather station Snøheim.  

There is no significant trend for annual temperature for the study period 2001–2008 at Fokstugu 

(0.100 ± 0.232 ºC year
−1

 (ns)), but the winter temperature isolated shows a significant increase 

(0.258 ± 0.256 ºC year
−1

 (p = 0.049)).  

Using data from Fokstugu, Syverhuset [37] calculated the length of the growing season, defined as 

the period from the first day after the last day of snow in spring to the last day before a permanent snow 

cover in autumn, increased by 0.62 days on average per year from 1969 to 2004. Likewise, the effective 

temperature sum during the growing season increased on average 2.447 ºC per year at Fokstugu from 

1969 to 2004. Syverhuset [37] calculated the effective temperature sum as the sum of all daily mean 

temperatures above 0 ºC during the growing season, which is an adjustment of Laaksonen’s definition 

to alpine plants [43]. 

For annual precipitation there is a positive trend corresponding to an increase of 1.774 mm per year 

at Fokstugu from 1923 to 2008. Splitting into seasons there is a positive trend in the monthly mean 

precipitation corresponding to an increase of 0.127 mm per year in spring months and an increase of 

0.110 mm per year in autumn months, while there is no trend for summer and winter precipitation. 

2.3. Study Design 

The standardized design ―GLORIA Multi-Summit Approach‖ [4-45] is used. A permanent site was 

set up in 2001, consisting of four 3 × 3 m quadrate clusters 5 height meters below the highest summit 

point (HSP) in the four cardinal (N, W, E, S) compass directions on each summit. In all corner 1×1 m 

quadrates (in total 16 on each summit) percentage cover and frequency counts in 10 × 10 cm quadrates 

of vascular plants were recorded, both in 2001 and in 2008. Percentage cover of lichens on species 

level was recorded in the cases where it was possible to determine the species in the field. Each of the 

analyzed 1 × 1 m quadrates were photographed for visual comparison. 
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Figure 2. Seasonal mean temperature (dots) for each year in the period from 1923 to 2008 at 

Fokstugu (972 m a.s.l.). Winter is defined as December to February, spring as March to May, 

summer as June to August, and fall as September to November. The lines show smoothed data 

after a Gaussian filter with a standard deviation of 2 years is applied.  

 

 

Each summit was divided into eight summit area sections; one section in each of the four cardinal 

compass directions between the HSP and 5 height meters below the HSP area and similar between 5 

and 10 height meters below the HSP. The area of the sections thus depended on the steepness of the 

terrain. In each summit area section, a complete species list was recorded. 

Soil temperature was measured at the study sites. In each of the central quadrates of the 3 × 3 m 

quadrate clusters, a temperature logger (StowAway TidbiT −20/+50 ºC mini-data loggers, Onset 

Computer Corporation, Massachusetts, U.S.) was buried 10 cm below the surface, measuring the 
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temperature every hour. The loggers were first installed in July 2001, and were later replaced in August 

2002 and August 2005. The temperature analysis in this study is based on the logger data from 

installation in 2001 to July 2008.  

In this paper nomenclature for vascular plants follows Lid et al. [46], and for lichens, 

Santesson et al. [47]. 

2.4. Statistical Analyses 

All statistical analyses, unless otherwise stated, were performed using the statistical software R 

version 2.8.1 (The R Foundation, Vienna, Austria).  

In order to correct for seasonal and random variation in each of the 16 time series of soil 

temperature, time series were decomposed for monthly means into trend, seasonal and remainder 

components using a seasonal trend decomposition procedure based on Loess (STL) [48]. Missing 

values were replaced with the average temperature for that month for all other available years. A 

straight line model was fitted to each of the resulting trend curves to see if there was a tendency of 

temperature increase in the soil.  

We also studied the evolution of soil temperatures for each season separately. Winter was defined as 

December to February, spring as March to May, summer as June to August, and autumn as September 

to November. Seasonal mean temperatures were calculated for each summit and year where means 

were taken over all time series from the same summit. A straight line model was thereafter fitted to 

each of the 16 time series of seasonal means.  

A repeated measures ANOVA [49], after square root transformation of the response variable, was 

used to investigate whether the species richness for vascular plants in the 1 × 1 m quadrates had 

changed from 2001 to 2008. Exposition (N, W, E, S) and summit were treated as fixed factors, and 

their main effects, their interaction, as well as their interactions with year were included in the linear 

model. The highest summit, Storkinn, was removed from this analysis due to the low number of 

observations of vascular plants in the 1 × 1 m quadrates there. 

A repeated measures ANOVA was also used to investigate whether the number of species had 

changed in the summit area sections between 2001 and 2008. Measurements of species number were 

square root transformed before analysis. 

In order to test whether there had been a change in the composition of vascular plant and lichen 

communities, a distance based, nonparametric MANOVA was carried out using the program  

DISTLM v.5 [50,51]. Community composition was measured as a multivariate response of species 

abundance values. Abundance of vascular plants was measured either as percentage cover or frequency 

counts, while percentage cover measured lichen abundance. The linear model was a multivariate 

version of the model used in the analyses of species richness and the analyses were based on chi square 

distances. Significance probabilities of test statistics (pseudo Fs) were estimated by permutation tests 

with 999 permutations under the full model [52]. To construct design matrices corresponding to factors 

or interaction terms in the ANOVA design, the computer program XMATRIX [53] was used. Separate 

analyses were carried out for frequency and cover data for vascular plants and cover data for lichens. 

Lichens that had been problematic to identify during field work were excluded from the analysis. 



Diversity 2011, 3                            

 

 

98 

Where an interaction effect between year and summit was found, the data were split with respect to 

summit and analyzed separately using the same procedure. 

To test if there had been any changes in the cover or abundance of single species in the quadrates, a 

t-test, a Wilcoxon’s signed-rank test or a binomial test was conducted for each species, both vascular 

plants and lichens, on each of the four summits. Prior to selection of test, the data distribution was 

examined and the most powerful test was always selected if the test requirements were met. For 

vascular plants the tests were carried out both with frequency and cover data. Only species present in 

more than three plots in both years were considered. 

3. Results 

3.1. Soil Temperature 

We found significant, positive trends in mean monthly temperatures in nine of the 16 logger time 

series after correcting for seasonal effects, in three time series at Vesle Armodshøkollen (N,E,S), in 

four at Veslekolla, and in one at each of Kolla (N) and Storkinn (S). One time series at Storkinn (E) 

was ended in 2005 due to logger failure, while we found no trends in the remaining six time series 

(results not shown). When looking at the four seasons separately for the logger data, only winter 

temperatures showed positive trends (Figure 3).  

3.2. Species Richness of Vascular Plant Species 

The absolute number of vascular plant species observed, increased at the three lowest summits from 

2001 to 2008 (Table 1). The design, however, did not allow any statistical evaluation of these 

observations. Table 2 gives an overview over new species found at the summits in 2008 compared to 

2001 and species lost in the same period. 

Table 1 shows total number of species in the summit area sections. There was a significant summit 

by year interaction from 2001 to 2008 (F = 4.080, df = 3, 24, p = 0.018) and the data was therefore split 

by summit and reanalyzed. Only the lowest summit, Vesle Armodshøkollen, had a significant increase 

in number of species (F = 17.661, df = 1, 4, p = 0.014). 
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Figure 3. Mean seasonal soil temperatures (ºC) from 2001 to 2008 for winter  

(December–February), spring (March–May), summer (June–August) and autumn 

(September–November) at four summits at Dovrefjell. Seasonal temperatures are 

calculated as means of hourly recordings from each of four loggers placed 5 height meters 

below the highest summit point in the four cardinal compass directions. Estimated slopes 

±95% confidence limits for winter temperatures at Vesle Armodshøkollen, Veslekolla, 

Kolla and Storkinn are 0.304 ± 0.189 ºC year
−1

, 0.325 ± 0.218 ºC year
−1

,  

0.245 ± 0.148 ºC year
−1

, and 0.269 ± 0.303 ºC year
−1

 (ns) respectively. 
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Table 1. Total number of vascular plant taxa at the four study summits in 2001 and in 2008 

(mean number for summit area sections with standard deviation in brackets). 

 Number of taxa Number of taxa 

 2001 2008 

Vesle Armodshøkollen 56 (28.6 ± 8.2) 60 (33.8 ± 4.3) 

Veslekolla 14 (10.6 ± 2.0) 18 (11.6 ± 2.3) 

Kolla 21 (11.5 ± 3.1) 22 (11.4 ± 2.9) 

Storkinn 6 (2.8 ± 2.0) 6 (2.8 ± 1.8) 
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Table 2. New and lost taxa at the summits from 2001 to 2008. 

Summit New species Lost species 

Vesle Armodshøkollen Betula nana x pubescens Artemisia norvegica 

 Carex atrata Huperzia selago 

 Carex saxatilis Myosotis decumbens 

 Diapensia lapponica Pedicularis oederi 

 Euphrasia sp. Poa pratensis ssp. alpigena 

 Melampyrum pratense  

 Phyllodoce caerulea  

 Silene uralensis  

 Viola biflora  

Veslekolla Arctostaphylos uva-ursi (no lost taxa) 

 Bartsia alpina  

 Luzula spicata  

 Solidago virgaurea spp. 

lapponica 

 

Kolla Carex rupestris Cardamine bellidifolia 

 Poa arctica Draba fladnizensis 

 Potentilla crantzii  

Storkinn (no new taxa) (no lost taxa) 

 

Table 3 shows total number of species in the 1 × 1 m quadrates for each summit. There was a 

significant summit by year interaction from 2001 to 2008 (F = 28.41, df = 2, 36, p < 0.001) and the 

data was therefore split by summit and reanalyzed. Only the lowest summit, Velse Armodshøkollen, 

had a significant increase in number of species per quadrate (F = 73.42, df = 1, 12, p < 0.001). 

Table 3. Total number of vascular plant species in the 1 × 1 m quadrates at the four study 

summits in 2001 and in 2008 (mean number for quadrates with standard deviation  

in brackets). 

 Number of taxa Number of taxa 

 2001 2008 

Vesle Armodshøkollen 21 (7.7 ± 2.4) 29 (9.3 ± 2.6) 

Veslekolla 9 (4.5 ± 1.0) 9 (4.5 ± 1.4) 

Kolla 5 (1.0 ± 1.3) 4 (0.9 ± 1.1) 

Storkinn 2 (0.2 ± 0.4) 2 (0.2 ± 0.4) 

3.3. Species Composition and Single Species Response 

An interaction effect between summit and year was found when analyzing the species composition 

based on species cover of vascular plants in the quadrates (pseudo-F = 1.829, df = 3, 48, p = 0.051), 

and the data were therefore split with respect to summit. There has been a significant change in the 

species composition of plant cover from 2001 to 2008 in the quadrates at the two lowest summits, 

Vesle Armodshøkollen (pseudo-F = 2.675, df = 1, 12, p = 0.017) and Veslekolla (pseudo-F = 4.857, 

df = 1, 12, p = 0.005). No change was discovered at the other two summits. At Vesle Armodshøkollen 

there was also a year by exposition interaction (pseudo-F = 1.937, df = 3, 12, p = 0.014), while this 
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effect was marginally significant at Veslekolla (pseudo-F = 1.916, df = 3, 12, p = 0.071), indicating  

non-parallel changes in the four expositions 

Neither changes in species composition of lichens in the quadrates, nor any changes in species 

composition of vascular plants in the summit area sections were found. 

Table 4 gives an overview over species present in at least three quadrates on a summit, which 

showed significant changes from 2001 to 2008. As can be seen from the table, four vascular plants 

significantly increased in cover at Vesle Armodshøkollen while five lichens significantly decreased.  

At Veslekolla only Juncus trifidus increased in cover, while also Betula nana and Loiseleuria 

procumbens increased in frequency. Here no significant changes for any lichens were found.  

Both on Kolla and Storkinn two species of lichens significantly increased in cover. No significant 

changes were found for any vascular plants. 

Table 4. Species with a significant change in cover or frequency in 1 × 1 m quadrates at 

Vesle Armodshøkollen, Veslekolla, Kolla or Storkinn from 2001 to 2008. Type indicates 

whether the species is either a vascular plant (V) or lichen (L). The test column indicates 

which test is applied for the different species and the corresponding p-value  

(w—Wilcoxon’s signed-rank test, t—t-test, b—binomial test). 

Species Type Change in 

cover 

P Change in 

frequency 

P 

Vesle Armodshøkollen      

Betula nana V ↑ 0.021 (w)  No change - 

Festuca ovina  V ↑ 0.002 (t) ↑ 0.004 (b) 

Salix herbacea V ↑ 0.004 (b) ↑  0.039 (b) 

Vaccinum vitis-idaea V ↑ 0.003 (t)  No change - 

Alectoria ochroleuca L ↓ 0.035 (b) No data - 

Flavocetraria cucculata L ↓ 0.010 (w)  No data - 

Flavocetraria nivalis L ↓ 0.021 (b) No data - 

Cladonia arbuscula L ↓ 0.002 (b) No data - 

Cladonia stellaris L ↓ 0.039 (b) No data - 

Veslekolla      

Betula nana V No change - ↑ 0.003 (b) 

Juncus trifidus V ↑ 0.021 (b) ↑ 0.004 (b) 

Loiseleuria procumbens V No change - ↑ 0.041 (t) 

Kolla      

Alectoria ochroleuca L ↑ 0.002 (t)  No data - 

Thamnolia vermicularis L ↑ 0.006 (b) No data - 

Storkinn      

Alectoria nigricans L ↑ 0.035 (w)  No data - 

Alectoria ochroleuca L ↑ <0.001 (b) No data - 
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4. Discussion 

4.1. Climate and Climate Change 

The annual increase in soil temperature during the study period shows a steeper increase at the two 

lowest summits where positive trends were found for seven out of eight loggers, while positive trends 

were only found for two out of seven at the two highest summits. 

Meteorological data from the area show an increasing trend and the temperature development at 

Fokstugu from 1923 to 2008 corresponds to an increase of 0.17 ºC per decade. Both Hanssen-Bauer [3] 

and Isaksen et al. [42] indicate an accelerated warming during the last decade. The soil temperature 

data at the lowest summits show a significant trend and thus give some support to this, but a similar 

significant trend cannot be found at any of the weather stations during the period of the study. 

There is no obvious explanation why the increase in winter temperatures seems to decrease with 

altitude. One reason might however be that the study area experiences temperature inversion, a 

phenomenon known to occur in the interior of Scandinavia during winter [54], especially under clear 

sky conditions. This means that Foktstugu at 972 m a.s.l. during winter sometimes experiences 

temperatures several degrees below the temperatures at Snøheim at 1,505 m. a.s.l. A lower frequency 

of clear sky conditions could change the winter temperatures, affecting winter temperatures at lower 

altitudes more than at higher altitudes. Thus, a change in the frequency of temperature inversion may 

cause temperature trends to decrease with altitude. The increased temperature during winter at 

Fokstugu gives support to this theory. 

The more pronounced temperature increase for winter than for the other seasons at Fokstugu is 

different from the results of Hanssen-Bauer [3], who only found a significant trend for the spring 

temperatures in the region including Dovrefjell from 1875 to 2004. The soil temperature from this 

project is in line with the data from Fokstugu; 10 of the 15 loggers showed a positive trend for winter 

temperatures. There is a good correlation between July temperature and boundaries of the vegetation 

zones [55], but also climate related events during other seasons have been found to have important 

effects on plant performance [11,56]. The timing and length of the snow free season is of great 

importance to plant growth [56], and the prolonged growing season at Fokstugu may thus be a potential 

driver for changes in vegetation patterns in the area which then will be more pronounced at the lower 

altitudes in the study area. 

Jonas et al. [56] found significant differences in plant growth between sites with different average 

duration of the snow-covered period, but over a 10 year period they did not observe any new changes. 

They argued that between-year effects may represent short time effects of alpine plant communities to 

climate changes, whereas between-site effects might represent the long-term responses of plant growth 

to the changing climate. Since the length of the growing season at Fokstugu has increased over a period 

of 35 years, it may have had time to lead to measurable changes in the vegetation by now. 

The effective temperature sum during the growing season has also increased at Fokstugu from 1969 

to 2004. Laaksonen [43] argues that both the warmth and the duration of the vegetative period should 

be taken into account to obtain a more valid indicator of the advantage of the growing season, and 

emphasizes the use of the effective temperature sum as a useful indicator. 
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The precipitation in the area has primarily increased in spring and autumn, and precipitation in the 

outset and at the end of the snow free season has, together with the temperatures during the same 

periods, been identified as key meteorological factors influencing plant growth [56]. However, the 

magnitude of increase in monthly mean precipitation at Fokstugu is small and will most likely not have 

any large effect on the growth and distribution of plants, at least not in the short term. 

4.2. Changes in Species Richness 

A significant increase in species richness of vascular plants was found in the quadrates and in the 

summit area sections of the lowest summit. This increase is in line with most other similar studies in 

alpine areas where the changes are attributed to climate warming [6,13,18-25]. It is also in line with the 

expected response under a warming climate [11]. Other explanations are still possible, which will be 

discussed below.  

4.3. Changes in Species Composition and in Abundance of Single Species 

A significant change in species composition from 2001 to 2008 was found at the two lowest 

summits using cover data from the quadrates. For vascular plants it is the cover of woody plants and 

graminoids that increases at the two lowest summits. This is in line with other studies. Bahn and 

Körner [27] found that frequent graminoids and prostrate dwarf shrubs, in addition to viviparous and 

hemiparasitic species, showed the most pronounced increases over a period of 13 years in the Austrian 

Alps, and Cannone et al. [28] found a rapid expansion of shrubs within the alpine belt and an upward 

migration of the alpine grassland in the Alps. In Alaska, Sturm et al. [57] found an increase in shrub 

abundance over a period of 50 years. Odland et al. [25] found an average upward movement of 7.3 m 

for woody plants during the last 40 years at 13 summits in the southern Scandes. In all these studies, 

recent climate change is identified as an important factor driving the observed changes. 

In an experimental study with warming in the Alps dwarf shrubs and graminoids showed a more 

pronounced response than herbaceous species [58]. However, a warming and nutrient addition 

experiment conducted in a Dryas octopetala heath at Finse, Norway, gave contrasting results. Here the 

dwarf shrubs Salix herbacea and S. reticulata decreased in abundance as a response to warming, but 

the results were not statistically significant [59]. In the same study, different responses from 

graminoids were found and Klanderud [59] concluded that the use of functional groups often found in 

studies on vegetation response to environmental changes may conceal information on responses of 

single species. This is in contradiction to Chapin et al. [60] who conclude that plant functional types 

are useful as a framework for predicting vegetation responses to the environment. 

Syverhuset [37] analyzed quantitative changes of cover of vascular plants in the summit area 

sections used in this study. The abundance classes used were quite coarse and no significant changes 

were found. She stills point out a seeming increase in cover of three species at at Vesle 

Armodshøkollen. Two of these, namely the woody plant Arctous alpinus and the hemiparasitic Bartsia 

alpina are in line with the results of Bahn and Körner [27]. The third species is Solidago virgaurea. On 

the second highest summit, Kolla, she found the opposite effect. Here Salix herbacea changed from 

being common in five, and scattered in three, sections in 2001 to absent in four, and rare in three, 

sections in 2008. 
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We found no changes in the species composition of lichens, but a significant decline in cover was 

found for five species at Vesle Armodshøkollen. The decline in lichen cover is so distinct that it could 

be identified just by visual inspection (see photos in [33]). Chapin et al. [29] found a similar decrease 

in Alaska. They assumed that this was primarily caused by the expansion and overgrowth by dwarf 

shrubs. As can be seen from the photos in Michelsen et al. [33], this is not the case at Vesle 

Armodshøkollen where areas covered with lichens in 2001 were bare ground in 2007.  

Interestingly, the changes in species composition are only revealed from cover and not from 

frequency data in the quadrates. This is an indication that the changes are primarily due to vegetative 

expansion of individuals already present and not so much a result of establishment of new individuals, 

which assumingly would be more scattered. Several of the species are clonal plants and clonal 

propagation might contribute relatively little to the increase in frequency within the quadrates, but still 

contribute to an increase in percentage cover. It is also important to bear in mind that some of the 

species found to increase in cover (Table 4) already had high frequency. Still, the results presented in 

Tables 1, 2 and 3 show that some new individuals obviously do establish, at least at the three 

lowest summits. 

4.4. Changes with Respect to Summit 

A range of vegetation changes are found from 2001 to 2008; an increased number of species, 

changes in species composition and changes in cover or frequency of single species. As a general 

conclusion the changes are larger at the lowest summits. The changes are especially pronounced at 

Vesle Armodshøkollen, located right above the tree limit in the low alpine zone. The number of 

species generally decreases with increasing altitude [9,61] and plant communities on calcareous soils 

are known to have a higher richness of vascular plants [62]. Both the altitude and the more calcareous 

bedrock in this area thus form the basis for the higher species richness at this summit compared to the 

other study summits. Thus, there are more potential invaders and more species present at the summit 

that can respond to environmental changes and expand their cover.  

At the same time, the changes at Veslekolla were larger than at Kolla with a significant change in 

species composition, significant changes in frequency for three species and a higher number of new 

species, although not significant. Here Kolla had a higher number of species to start with so the initial 

number of species cannot be the only factor explaining the variation in responses among summits. The 

soil temperature data (Figure 1) also show that the temperature changes are more pronounced at Vesle 

Armodshøkollen and Veslekolla than at the two highest summits and a relation between changes in 

temperature and vegetation is thus an obvious possibility. 

In similar studies from the Alps, the largest increase in species richness was found in the upper 

alpine and subnival zone [26] and in the subnival/nival zone [13]. Erschbamer et al. [26] even found 

that the species richness decreased at the lower summits. Hence, the results from the Alps are contrary 

to the results from Dovrefjell with respect to at what altitude the changes are more pronounced. 

However, the conditions at the study summits in the Alps and at the study summits at Dovrefjell are 

difficult to compare. For instance, the total number of vascular species at most of the summits analyzed 

by Erschbamer et al. [26] is much higher than at the study summits at Dovrefjell.  
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4.5. Alternative Explanations to Observed Vegetation Changes 

Since this study is observatory and correlative, final causal relationships cannot be drawn and all 

possible causes must be considered. In particular there are several possible mechanisms by which large 

herbivores may influence vegetation patterns and changes in grazing and trampling impact are the most 

relevant in the area. 

According to Gaare [38] reduced grazing could over time give a buildup of soil humus and an 

increased water storage capacity in the soil, enabling vascular plants to compete with lichens and in the 

long term result in graminoids and dwarf shrubs replacing lichens. The increased abundance of dwarf 

shrubs and graminoids found at the lower summits could therefore be a natural consequence of a long 

lasting build up of soil humus. This is a plausible description of the conditions at Vesle 

Armodshøkollen in the time after the construction of the railway finished in 1921 [38]. This divided 

the range of the reindeer herd in the Snøhetta area and the old east-west migration routes were not used 

regularly for a period. They were re-established as the population grew and used regularly between 

1957 and 1983. However, after this time the use of the eastern winter ranges in the area around Vesle 

Armodshøkollen has not been reported [38]. Even though reindeer and sheep have been present at the 

area in the years before the first analysis in 2001, the numbers might not have been high enough to 

prevent a build up of the soil humus layer. If this is the driver of the increase of graminoids and dwarf 

shrubs, it might be expected that this will be reversed due to the recent increase in grazing pressure in 

the area. The areas of bare soil found on Vesle Armodshøkollen in 2008, previously covered by lichens, 

are potentially susceptible to wind and erosion, which could eventually remove the accumulated layer 

of humus and once again give the lichens a competitive advantage. 

Trampling by the increasing numbers of herbivores could have caused a disturbance and in itself 

explain the changes in species diversity [cf. 63]. Plant species richness is expected to be greatest at a 

moderate level of disturbance [64] and empirical data from alpine tundra in Norway show increased 

diversity of mosses, lichens, graminoids and dwarf shrubs, on ridges exposed to moderate grazing by 

reindeer during winter, possibly because of exposure of bare ground, reduction of competition and 

increased nitrogen turnover [65]. Vistnes and Nellemann [65] also conclude that heavy grazing may be 

beneficial to a range of colonizing species in the short term, while in the long term the vegetation cover 

might be destroyed by erosion. However, this is not supported by Olofsson [66] who reports that the 

short-term effects from increase in reindeer grazing can give good indications of most of the  

long-term effects on species richness. 

Since the number of herbivores has increased in the area over the last years, it cannot be ruled out as 

a possible explanation to the increased species richness found at the lowest summit. It is, however, 

difficult to determine the exact grazing pressure and since reindeer move in herds, the grazing pressure 

might also vary substantially from location to location, depending on the movements of the herds. 

Continued observations are required to reveal if the trend of increasing species richness continues, 

accelerates or reverses. 

Since there are large differences in the tolerance to grazing between coexisting shrub species [64], 

the changes in cover and frequency of species from 2001 to 2008 can give an indication on which 

explanation is most likely to explain the changes. Betula nana was one of the vascular plants that 

increased in cover and frequency from 2001 to 2008. It is only present at the two lowest summits and 
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therefore seems to increase where it has the possibility. Exclusion of grazing reindeer has been shown 

to lead to an increase in cover for Betula nana, as well as an increase in the cover of dwarf shrubs, 

forbs and grasses [67]. Dwarf shrub dominated vegetation on tundra heaths in areas with light grazing 

pressure from reindeer will often rapidly change into grasslands when the grazing pressure  

increased [66]. The cover of Betula nana has been shown to increase under moderate grazing of sheep 

but decrease under a high grazing pressure [68].  

As previously mentioned, Vesle Armodshøkollen probably experiences little or no grazing by sheep, 

however; trampling is likely to occur as the areas might serve as a resting ground. The uncertainty 

regarding whether the grazing pressure by reindeer can be classified as low, moderate or high, leaves 

some dubiety concerning what response to expect, but it does not seem likely that the increase of 

Betula nana is a response to increased grazing pressure. This is further supported by the increase of 

Salix herbacea and Vaccinium vitis-idaea, both of which are highly sensitive to grazing [69]. The data 

from Syverhuset [37] also show an increase of Solidago virgaurea in most sectors at Vesle 

Armodshøkollen. Austrheim et al. [68] found this to be negatively affected by high densities of sheep, 

giving additional indications on low grazing pressure. 

Still, some graminoids have been shown to increase at high intensities of grazing by sheep [68] and 

reindeer [65]. Vistnes and Nellemann [65] found that Juncus trifidus established at heavily grazed sites, 

so the increase at Veslekolla might be caused by the increased numbers of herbivores. 

Grazing and trampling by reindeer can cause a decrease of the cover of lichens [65,70], as well as 

giving sites for establishment of new species. This could explain the decline in cover of lichens at 

Vesle Armodshøkollen and the increased number and cover of vascular plants during the period. In an 

experimental warming study in Alaska, Chapin et al. [29] found that lichens were outcompeted by 

vascular plants. This does not seem to be a plausible explanation here since areas covered by lichens in 

2001 are turned into bare ground [33], and a trampling effect cannot be excluded. 

The changes of single species of vascular plants do thus not give an unambiguous answer to which 

driver is most likely to explain the vegetation changes found from 2001 to 2008. It seems most likely 

that the changes are caused by interactions of a number of factors, including climate changes and  

plant-herbivore interactions. 

4.6. Observational Bias 

In an observatory study relying on collection of field data, observer bias cannot be eliminated [71]. 

In this study this is particularly a problem for the species lists for the summit area sections due to their 

relative large area, while the problem is less for the smaller 1 × 1 m quadrates [71]. The species list 

given in Table 3 as well as the absolute numbers in Table 1 and 2 must thus be treated carefully since, 

in particular, small seedlings easily can be overlooked. These results are only treated qualitatively in 

this study, and there is no reason to believe that potential bias is unidirectional [71] and hence 

influencing the conclusions to an unacceptable degree.  

Observational bias is generally lower in 1 × 1 m quadrates [71] and several precautions were taken 

during measurement; use of standardized protocols, generally more than one observer, and the 

investigators from 2001 were initiating the work in 2008 and taking part in almost the entire fieldwork 

(except a few days on Kolla). Also here there is no reason to believe that potential bias is unidirectional 
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and it is thus not likely that a substantial part of the significant changes found are caused by 

observational bias.  

5. Conclusions 

Both data from weather stations in the area and soil temperature measured from 2001 to 2008 show 

an increasing temperature. It also seems as the increase during the study period is more pronounced at 

the lower summits. There is thus evidence that there has been an increased temperature in the area both 

prior to the onset of the study and during the study period, giving both a longer growing season and a 

higher temperature sum in the growing season. 

Species richness increased at the lowest summit in the study from 2001 to 2008, and the species 

composition at the two lowest summits changed during this period as well. Some species of woody 

plants and graminoids were found to increase in cover or frequency at the two lowest summits, whereas 

several species of lichens decreased in cover at the lowest summit. At the two highest summits, two 

species of lichens increased in cover from 2001 to 2008. The changes are very much in line with what 

could be expected due to increased temperature based on findings from other studies. 

Climate change is thus a plausible explanation for the observed changes in vegetation, but since this 

is an observatory and correlative study, other causes cannot be ruled out. Changes in grazing and 

trampling pressure can also cause similar changes, at least in a combination with the observed changes 

in temperature. 
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