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Abstract

We examined the impact of Salix lapponum canopies on plant community structure in five

sites along a climatic gradient in a glacier foreland in alpine south Norway. Species richness

is lower inside canopies compared to outside in climatically relatively benign communities,

while species richness is not affected by canopies in the most severe communities closest to

the glacier. Differences in species composition inside and outside canopies, as judged by

detrended correspondence analysis, are greater in the benign communities compared to the

severe communities. Variation in the differences in species richness or composition outside

and inside canopies within a community is related to differences in the reduction of

photosynthetically active radiation (PAR) by canopies in only one community. Canopy size

does not explain differences in species richness or composition between outside and inside

canopies in any except one benign community. Our results suggest that species responses to

canopies are individualistic, and that at the whole-community level negative and positive

impacts of canopies on species occurrences cancel each other out in severe communities,

whereas in benign communities negative effects dominate slightly over positive ones in

their effects on species persistence inside canopies.

Introduction

Several studies have found that shrubs or trees function as ‘‘nurse’’

plants for other plant species growing in their understorey, or as so-

called ‘‘nuclei’’ for high community diversity (Niering et al., 1963;

Callaway, 1995; Pugnaire and Haase, 1996). The primary causes for the

positive impacts of woody species on the population dynamics of other

species and on community richness are proposed to be reduced negative

impacts from herbivores (e.g., McAuliffe, 1988; Levine, 2000),

increased nutrient availability (Gutiérrez et al., 1993; Alstad and

Vetaas, 1994), increased soil water availability (Joffre and Rambal,

1993), and reduced exposure to wind (Valiente-Banuet and Ezcurra,

1991). Although interspecific competition has always been recognized

as important for species composition, diversity, and richness of

communities (e.g., Clements, 1916; MacArthur, 1972; Keddy, 1989)

the importance of facilitation for community processes has been

critically examined only during the last few decades (e.g., Wilson and

Agnew, 1992; Bengtsson et al., 1994; Bertness and Hacker, 1994;

Callaway, 1995; Callaway and Walker, 1997), although its potential

importance was mentioned already by Clements (1916). Positive

interactions among plants have been documented in a wide range of

habitat types (see Callaway, 1995, for a review), such as arid habitats

and deserts (McAuliffe, 1988; Pugnaire and Haase, 1996), the arctic

(Carlsson and Callaghan, 1991; Chapin et al., 1994), and salt marshes

(Bertness and Hacker, 1994). One conclusion emerging is that positive

interactions appear to be more common in physically harsh environ-

ments than in more benign physical environments (Bertness and

Callaway, 1994; Callaway, 1995; Holmgren et al., 1997). This

conclusion is also consistent with Grime’s (1979) hypothesis that

competition intensifies along gradients of increasing productivity.

Most previous studies on the interplay between competition and

facilitation along environmental gradients have focused on a few

species. Typically, one potential competitor/facilitator is selected and its

impact on one or two other species examined. Although such

experimental studies are useful in revealing causation of interactions,

and have contributed greatly to our understanding of interactions

between plant species (Callaway, 1995), we still know relatively little

about how interactions affect the patterns at the whole-community level

because individualistic responses of species may make up-scaling from

interaction patterns between few species to whole-community pattern

uncertain (Connell, 1983, Hacker and Gaines, 1997). Therefore, there

is a need for studies that focus all vascular plant species at the commu-

nity level in an integrated way.

In this study we examine species richness and composition outside

and inside canopies of a shrub willow (Salix lapponum) in five alpine

communities situated along a gradient of environmental severity. In

addition, we examine how properties of individual canopies (reduction

of photosynthetically active radiation [PAR] and canopy size) affect

differences in species composition and richness outside and inside the

canopies. In particular we ask: (1) Do willow canopies affect species

richness and composition? (2) If so, is the impact different in

communities situated along a gradient of environmental severity? (3)

Are there relationships between the reduction in PAR or the size of

individual canopies and differences in species composition and richness

outside and inside canopies? (4) If so, do relationships between canopy

properties and species composition and richness differ along the

gradient of environmental severity?

Materials and Methods

STUDY AREA

The study was done in five plant communities dominated by Salix

lapponum within the Finse valley in the northern part of Hardanger-

vidda in alpine southwest Norway. The mean monthly temperatures at

1224 m elevation in the Finse area are 5.0, 7.0, 6.8, 3.0, and�0.58C for

June, July, August, September, and October, respectively (Aune, 1993).

The mean monthly precipitation for the same months is 69, 88, 111,

128, and 125 mm (Førland, 1993). Our study communities (Fig. 1) are

situated in two areas of contrasting climatic severity. The three
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communities (A–C) experiencing the most benign environmental

conditions are situated on the south-facing slope of Kvannjolnuten at

1320 (A) and 1270 (B) m elevation and at the bottom of the Finse valley

(C) at ca. 1220 m elevation. These communities are from 3.7–4.5 km

from the Blåisen glacial outlet of the Hardangerjøkulen glacier. These

three communities are situated in lee-sides in early melting snow beds

with a humus rich podsol soil in the low alpine zone, and are

characteristic for plant communities in alpine Norway in sites between

windblown ridges and late melting snow beds. The two most

climatically severe communities (D and E) are situated on north-facing

slopes ca. 0.9 km from the Blåisen glacial outlet at ca. 1300 m (D) and

1340 m (E) elevation. These two communities occur in the middle-

alpine zone where typical lee-zone plant communities are scarce. In

these communities the soil and vegetation cover is substantially less

developed than in the three other communities. Although we did not

measure weather conditions directly, there are several features

indicating that the two communities on the north-facing slopes are

exposed to the most severe environmental conditions. First, solar

insulation is lower on the north-facing compared to the south-facing

slope. Second, cold glacial wind reaches the two communities close to

the glacier but not the three other communities. Third, a preliminary

analysis of trends in species composition reveals that the rank of the

communities is in the expected order along the first DCA axis (Fig. 2,

Appendix 1). This analysis also provides a crude description of the

communities within the study area (see Elven (1978) for a further

description of plant communities in the glacial forelands of Blåisen).

FIELD WORK

Within each of the five study communities, measuring ca. 1503

150 m, we randomly selected 20 willow shrubs of at least ca 131 m in

size. The selected shrubs were at least 5 m apart. Each shrub was

divided into a north and south section. To examine if the presence of

a canopy affects species richness and composition of vascular plant

species, we randomly positioned two quadrats (25325 cm) within each

section: one inside and one ca. 50 cm outside the canopy. These

quadrats were further divided into four 12.5312.5 cm subquadrats. The

abundance of vascular plant species was measured inside each of the

subquadrats on a scale from 0 to 3, where 0 ¼ absence, 1 ¼ low

abundance (the species cover , ca. 10 % of the subquadrat), 2 ¼
medium abundance (the species cover ca. from 10–50 % of the

subquadrat), 3 ¼ high abundance (the species cover . 50% of the

subquadrat). Adding the abundance values from each of the four sub-

quadrats yield an abundance measure of 0 to 12 for each species (see

Appendix 1). To examine if properties of individual canopies have an

effect on the magnitude of difference in species composition and

richness, we measured photosynthetic active radiation (PAR) with

a LI190SA quantum sensor (Li-Cor) immediately above the ground-

vegetation of each quadrate at the time of the species abundance

measurements. On average, an individual canopy reduced PAR by

59.3% 6 18.1 (SD, n ¼ 93) relative to immediately outside a canopy.

We also estimated the size of each canopy by measuring its length in

both east-west and north-south directions. On average, an individual

canopy was 3.8 m2 6 2.8 (SD, n ¼ 100).

STATISTICAL ANALYSES

To examine if species richness differed between inside and outside

canopies and between communities, we first included the inside/outside-

canopy factor and community (A–E), and their interaction, in an initial

two-factor ANOVA. This analysis showed a significant interaction

between the canopy-factor and community on species richness (F4,390¼
3.04, P¼0.02), indicating that differences in species richness inside and

outside canopies differed between the five communities. Therefore, we

continued analyzing the effects of canopies on species richness

separately for each community. These models included canopy (inside,

outside) as a fixed factor, block (the 20 individual canopies) as a random

factor, and the north-south direction (north, south) as a random factor.

Because these are mixed models, we used the mean square of the

interaction between canopy and block in the denominator when

calculating the F-ratio of the canopy effects (Zar, 1984).

To assess the influence of individual canopies on species richness

and composition, the properties of each shrub were defined as the size of

the canopies and the reduction in PAR inside the canopy compared to

outside. We made a PAR-reduction index that accounts for PAR-

measurements made on different days and at different times during

a day with considerable differences in incoming PAR (e.g., the relative

reduction in PAR by a canopy is larger on a clear day than on a cloudy

day, Fig. 3). The index was established by regressing relative reduction

of PAR ([PARoutside � PARinside]/PARoutside), against PARoutside. The

regression line is then supposed to account for the difference in light

conditions during sampling. The residuals from this regression are taken

as an estimate of the reduction of PAR by the canopy and is hereafter

called ‘‘delta PAR.’’ We used these values to examine how the canopies

affected species richness and composition through variation in delta

PAR. The species richness response variables were found by

subtracting species richness outside from species richness inside,

separately for the south and north sides of each canopy. A Detrended

Correspondence Analysis (DCA, ter Braak and Smilauer, 1998) was

performed within each separate community to estimate the difference in

species composition between inside and outside canopies. A unimodal

method was preferred as the gradient length was above two SD units

within each community (ter Braak and Verdonschot, 1995). The

ordinations were performed with default settings in CANOCO 4 for

Windows (ter Braak and Smilauer, 1998). We assessed the difference in

species composition between inside and outside a canopy (separately

for the north and south directions) by the distance between the two

samples scores along the first four axes (hereafter called delta sample

scores). To secure robustness of interpretation of this particular analysis

we ranked the delta sample scores prior to statistical testing. We used

linear regression to examine the impacts of delta PAR and canopy size

(predictors) on differences in species richness and composition be-

tween the outside and inside of the canopies.

FIGURE 1. Map showing the location of the five studied plant
communities (A–E) within the Finse valley. ‘‘Blåisen’’ indicated the
situation of the Blåisen glacier outlet. Solid thick line is the Bergen-
Oslo railroad. Contour interval is 20 m. Scale is indicated in the lower
right corner. Small map indicate location of Finse in Norway.
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Wemade a direct analysis on the difference in species composition

between outside and inside the canopies by a Canonical Variate

Analysis (CVA, ter Braak and Smilauer, 1998) to evaluate the sig-

nificance of the trend in species composition inside and outside the

shrub-canopies by a constrained Monte Carlo permutation test. The

constrained permutation accounts for the split-plot design in the data,

and each shrub consists of 4 samples (2 outside and 2 inside). The

randomizations were allowed only within these four samples (ter Braak

and Smilauer, 1998); hence the variation between shrubs did not

therefore influence the statistical tests. We also performed a CVA using

present/absent data to examine if the results obtained were influenced by

our subjective abundance measurements. These analyses yielded similar

interpretations as the analyses based on the abundance data, and

therefore we only present the results based on the abundance data.

Results

DIFFERENCES IN SPECIES RICHNESS BETWEEN

INSIDE AND OUTSIDE CANOPIES

Species richness is significantly different between inside and

outside canopies in community B (Table 1). The effects of canopies are

subtler in communities A and C, where there is a significant

(community A), or marginal significant (community C), interaction

between the canopy effect and the block effect (Table 1), showing that

the effect of canopies on species richness differs between shrubs within

these communities. Species richness does not differ significantly inside

and outside canopies in communities D and E (Table 1). There is a weak

trend where species richness is higher outside canopies in communities

A and B (with the most benign environmental conditions), whereas

differences in species richness between inside and outside canopies are

very small in C, D, and E (Fig. 4).

DIFFERENCES IN SPECIES COMPOSITION BETWEEN

INSIDE AND OUTSIDE CANOPIES

Species composition differs significantly inside and outside

canopies in all communities (Table 2). Inspection of the P-values

suggests that differences in species composition inside and outside

the canopies are greater in the benign communities (A–C) than in the

severe communities (D–E). Appendix 1 shows the mean abundance

of species inside and outside the canopies in each of the five

communities.

FIGURE 2. Plot of species scores (most common species shown) along the first and second ordination axes from a detrended correspondence
analysis (DCA) including all samples (default settings, Canoco 4.0). The centroids of the site scores within each community show that the
communities appear in order along the first axis from the most benign community (A) with the lowest score along the first axis to the most severe
community (E) with the highest score along the first DCA-axis (inserted figure). Eigenvalues of the two first axes are 0.560 and 0.321, respectively.

430 / ARCTIC, ANTARCTIC, AND ALPINE RESEARCH



IMPACT OF CANOPY PAR REDUCTION AND CANOPY SIZE

ON SPECIES RICHNESS

Simple linear regression shows that there is a significant positive

relationship between differences in species richness outside and inside

canopies and delta PAR of canopies in community A (Table 3, Fig. 5),

showing that in this community, canopies that reduce PAR to a large

extent reduce species richness to a greater extent than more open

canopies. PAR reduction of canopies has no impact on species richness

in any of the other communities (Table 3).

The size of canopies has no effect on the difference in species

richness inside and outside canopies in any community (Table 3).

IMPACT OF PAR REDUCTION AND CANOPY SIZE ON

SPECIES COMPOSITION

The difference in species composition outside and inside in-

dividual canopies is significantly related to delta PAR of canopies in

community C (Table 3, Fig. 5). Thus, in this community canopies that

reduce PAR to a great extent have a larger difference in species

composition inside and outside canopies, compared to canopies that

reduce PAR to a smaller extent.

The size of individual canopies is significantly related to the

difference in species composition inside and outside canopies in

community C (Table 3, Fig. 5), and marginally significant in

community A (Table 3). Large canopies in these communities have

greater differences in species composition outside and inside canopies

than smaller canopies. In community C, canopy size and PAR reduction

are significantly positively correlated (rpearson ¼ 0.36, P ¼ 0.02) and

although the correlation is not particularly high, it is difficult to tease

apart the separate effect of these two variables on the difference in

species composition outside and inside canopies in this community.

Canopy size and PAR reduction are not significantly correlated in any

other community.

Discussion

Species richness was significantly lower inside canopies in one of

the most environmentally benign communities (B), whereas willow

canopies had a variable effect on species richness in the two other

benign communities (A and C). The fact that there were no canopy

effect on species richness in the two communities (D and E) situated in

more severe environmental conditions suggest that our result only

partly agrees with previous experimental results where canopies have

facilitated establishment, growth, and reproduction of individual plants

in relative harsh environments (e.g., Bertness and Callaway, 1994;

Callaway, 1994; Hacker and Gaines, 1997; Holmgren et al., 1997).

Moreover, the actual reduction in species richness inside canopies in the

FIGURE 3. Relationship between photosynthetically active radiation
(PAR) outside Salix lapponum canopies and the percentage reduction
in PAR below the canopy (PARoutside � PARinside)/PARoutside) at Finse
in 1998. The residuals of this regression are used as a standardized
measure of PAR reduction. These standardized PAR reduction values
(delta PAR) take into account that PAR measurements for different
inside/outside pairs were done under different solar radiation regimes.

TABLE 1

F-ratios and P-values from two-factor ANOVA on the effect of canopy
(inside vs. outside, fixed factor) and block (individual canopies,
random factor), and their interaction, and a factor separating the
north- and south-facing parts of a Salix lapponum canopy (north-
south, random factor) on speicies richness within five communities at
Finse in 1998. F¼ F-ratio, P¼ significance level. Degrees of freedom
for the canopy effect are 1, 19 (denominator, numerator), and 19,
39 for the blocvk effect and for gthe interaction between canopy and

block, and 1, 39 for the north-south effect

Community

Canopy Block Canopy 3 Block North-South

F P F P F P F P

A 2.82 0.11 5.89 ,0.00001 2.94 0.002 0.45 0.50

B 6.15 0.02 2.70 0.004 1.88 0.05 1.11 0.30

C 0.33 0.57 4.67 0.00002 1.77 0.07 3.03 0.09

D 0.34 0.57 1.58 0.11 1.07 0.41 0.19 0.67

E 0.56 0.46 3.09 0.001 1.47 0.15 9.18 0.004

FIGURE 4. Bar graphs showing the mean and standard error
(vertical lines) of species richness per plot (25 cm3 25 cm outside and
inside Salix lapponum canopies in five communities (A–E) situated
along a climate severity gradient at Finse in 1998.

TABLE 2

Summary of species composition differences between inside and
outside Salix lapponum canopies (Canonical Variate Analysis with
inside/outside as environmental variable), as tested by a split-plot

constrained Monte Carlo permutation test

Multivate statistics

Community

A B C D E

Total inertia 6.04 5.88 6.42 4.33 7.02

Eigenvalue 0.118 0.142 0.182 0.077 0.165

F-value 1.556 1.836 2.281 1.342 1.303

P-value 0.001 0.001 0.001 0.023 0.013
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two most benign communities is rather small, indicating that compe-

titive exclusion caused by canopies is modest in these communities.

While species richness appears to be relatively little affected by

canopies, species composition is highly significantly different inside

and outside canopies in the two most benign communities, showing

that the presence of a canopy actually does have an effect on which

species are growing below it. Thus, a willow canopy produces

a significant (and large) species turnover over a distance of only ca. 1

to 2 m, suggesting that willow canopies have impacts on the population

dynamics of individual species that translates into a small-scale spatial

pattern of species composition across the mosaic of willow canopies

within a community. The lower species richness inside canopies in A

and B indicate that the competitive impacts of canopies may be most

important in producing differences in species composition inside and

outside canopies in these communities. Based on the large difference in

species composition, which takes into account abundances of in-

dividual species, between inside and outside canopies, and the

relatively small differences in species richness, our results suggest

that the effects of canopies are highly species-specific and that

generalizations about canopy effects at the community level, based on

a few species, would be risky. Moreover, from Appendix 1 it is evident

that some species have a higher abundance inside while other species

have a higher abundance outside canopies. Nevertheless, it appears that

more species are negatively than positively affected in the two most

benign communities, whereas in the three other communities, negative

and positive effects appear to cancel each other out at the community

level.

Willow canopies in our study area greatly reduce the availability of

light for plants (Totland and Esaete, 2002), which may be a considerable

stress factor for alpine species (Körner, 1999; Grytnes, 2000). However,

despite this, in the most environmentally severe communities, this light

reduction does not negatively affect species richness. Thus, other

environmental factors that are changed by canopies likely positively

affect establishment, growth and survival of most species. In particular,

we believe that increased soil organic content, through higher litter

accumulation below canopies, may have an important positive effect

(see Totland and Esaete, 2002) that counteracts negative effects, in

particularly in the most severe communities close to the glacier. There,

the vegetation cover, and thus also soil organic content, is considerably

lower than farther away from the glacier. Consequently, the relative

difference in soil organic content, nutrient availability, and water

content may be greater between inside and outside canopies in

communities D and E, compared to the others. In addition, a shelter

effect by canopies may reduce wind (e.g., Valiente-Banuet and Ezcurra,

1991) and herbivory-related (e.g., McAuliffe, 1988; Levine, 2000)

stress and thereby contribute to reduce any negative effects of reduced

PAR on plant persistence below canopies.

Surprisingly, we found few indications of differential impacts of

canopies on species richness and composition, based on variation in

canopy PAR reduction or size within the communities. PAR reduction

of individual canopies is related to species richness only in community

A, whereas differences in species composition were related to PAR

reduction or canopy size only in community C. An explanation for the

impact of canopy PAR reduction on species richness or composition is

straightforward; the greater the PAR reduction, the fewer species

would be able to germinate, establish, grow, and survive because most

alpine species require a high availability of PAR (Körner, 1999). The

lack of a relationship between PAR reduction and canopy size and

species richness and composition in the other communities may be due

to a small variation in the two environmental variables within the

communities. In addition, when the canopies have reached a certain

size, the differences in environmental factors imposed by a canopy,

such as PAR, soil moisture, and nutrient availability, may be so small

that differences in the canopy effect experienced by plants may be

minor.

Abiotic environmental factors may be far more important for

species richness and composition of plant community than interspecific

interactions (e.g., Gough et al., 1994; Jumpponen et al., 1999). Our

results certainly agree; the differences in species richness and

composition are substantially greater among communities situated in

contrasting abiotic environments than between plots situated inside and

outside canopies within the same community. In our system, differ-

ences in current abiotic conditions are probably not the only reason for

the great difference in community parameters. The communities are

situated along a chronosequence of glacier retreat both since the last

glaciation, ca. 9000 yr ago, and also since the Little Ice Age, ca. 300 yr

ago (Nesje and Dahl, 1991). Several authors have found positive

associations between plants in primary succession systems, such as

glacier forelands (e.g., Dale et al., 1991; Matthews, 1992; Blundon

et al., 1993; Chapin et al., 1994; Vetaas, 1994; Fastie, 1995). Our

results of no net positive or negative effect of willow shrubs on

community richness is consistent with the results of Jumpponen et al.

(1998). They found that canopies of Salix commutata and S.

phylicifolia on a glacier foreland in Washington, U.S.A. had no effect

on species richness. Thus, their results and ours suggest that nucleation

in successional systems may not always occur, and may vary among

nucleation species.

Our results suggest that up-scaling from results based on few

species to a whole-community scale may not be straightforward for two

main reasons. First, responses of a few studied species may not be

TABLE 3

Standardized regression coefficients and significance values (in parentheses, bold values are significant at the 0.05 level) of simple linear
regressions between difference in species richness inside and outside canopies (special richness), and difference in species composition inside and
outside canopies (species composition) and canopy size and delta photosynthetically active radiation (PAR) (predictors) in each of five communities
(A–E) at Finse in 1998. Delta PAR measures the standardized amount of reduction in PAR by Salix lapponum canopies. The value is the residuals
of a regression between PAR outside (predictor) and percentage difference in PAR between inside and outside canopies. This standardizes for
measurements of PAR made at different dates and at different times during the day. Species composition is represented as the ranked differences in
site scores (distance along the first four axes of a detrended correspondence analysis (DCA) between inside and outside canopies. The direction
(positive/negative) is not relevant for the actual difference in species composition between inside and outside canopies. Sample sizes are 26 in the

regression between delta PAR and responses in community B, and 40 in all the other regressions

Community response

Community

A B C D E

Delta PAR Canopy size Delta PAR Canopy size Delta PAR Canopy size Delta PAR Canopy size Delta PAR Canopy size

Species richness 0.40 (0.010) 0.22 (0.18) 0.22 (0.27) �0.01 (0.95) �0.01 (0.94) �0.27 (0.09) 0.09 (0.56) �0.02 (0.90) 0.12 (0.48) 0.09 (0.60)

Species composition 0.04 (0.79) 0.30 (0.06) 0.02 (0.91) 0.02 (0.93) 0.31 (0.049) 0.40 (0.01) 0.17 (0.31) 0.16 (0.32) �0.01 (0.93) 0.26 (0.10)
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representative of patterns occurring at the whole-community level, due

to the highly species-specific responses to interactions. Second, impacts

of a canopy species on the occurrence and richness of others may vary

both in strengths and directions (negative, positive, neutral) along

environmental gradients.
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APPENDIX 1

The mean abundance (mean of two 0.253 0.25 quadrats averaged over 20 canopies) of species inside and outside Salix lapponum canopies in five
communities at Finse in 1998. Abundance is expressed on a scale from 0 to 12 based on visual estimates. Open cells for a species denotes that the
species did not occur in that community. 0 for either inside or outside indicates that the species was present in the community but did not occur

either inside or outside canopies

Species

Community

A B C D E

Inside Outside Inside Outside Inside Outside Inside Outside Inside Outside

Argrostts canina — — — — — — — — 0.27 0.40

Alchemilla alpina 0.40 0 1.32 0.87 — — — — — —

Alchemilla vulgaris coll. 0.05 0 0.20 0.50 — — — — — —

Antennaria sp. 0 0.05 — — 0 0.10 — — 0.15 0.48

Anthoxanthum odoratum 0.55 0.78 0.60 2.45 0.08 0.75 — — — —

Astragalus alpinus 0.05 0.35 0 0.03 — — — — — —

Bartsia alpina 0.70 0.45 0.15 0.58 — — — — 0.08 0.10

Bistorta vivipara 3.53 5.15 0.35 1.83 0.78 0.08 0.33 0.20 0.15 0.15

Campanula rotundifolia — — 0.18 0.10 — — — — — —

Cardamine pratensis spp. polemonioides 0.05 0 — — — — — — — —

Carex atrata 0.27 0.25 — — 0 0.13 — — — —

Carex bigelowii 1.95 4.97 0.33 0.80 2.10 4.08 2.58 3.48 — —

Carex brunnescens — — — — 0.35 0.35 1.00 0.70 — —

Carex canescens 0.18 0.25 — — 0.35 0.08 — — — —

Carex dioica 0.30 0.30 — — — — — — — —

Carex lachenalii 0.15 0 — — — — 0.05 0.05 — —

Carex sp. 0.05 0.03 0.05 0.03 0.03 0.03 0 0.03 0.03 0.03

Carex vaginata 0.22 0.58 0 0.25 0.22 0.05 — — — —

Cerastium alpinum 0.03 0.15 0.13 0.22 — — — — 0.85 0.28

Cerastium cerastoides 0.25 0 — — — — — — 0.57 0

Cerastium fontanum 1.47 0.27 — — — — — — — —

Cerastium sp. 0.03 0 0 0.03 — — — — — —

Coeloglossum viride — — 0.08 0 — — — — — —

Deschampsia alpina 1.80 0.85 0.32 0.70 — — — — 0.05 0

Deschampsia flexuosa 2.22 2.90 5.05 3.15 5.43 2.90 — — — —

Diphasiastrum alpinum 0 0.10 — — — — 1.00 1.45 — —

Embetrum nigrum 0.90 1.37 0.63 0.87 1.33 1.23 4.47 4.00 3.05 3.35

Epillobium angustifolium — — — — 0.10 0.05 — — — —
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APPENDIX 1

(Cont.)

Species

Community

A B C D E

Inside Outside Inside Outside Inside Outside Inside Outside Inside Outside

Epilobium hornemanni 0.48 0 0.88 1.08 — — — — 0.08 0.13

Equisetum palustre 0.05 0.10 — — — — — — — —

Equisetum variegatum 0.03 0.15 — — — — — — — —

Eriophorum angustifolium — — — — 0 0.13 — — — —

Euphrasia frigida 1.25 0.55 0.08 0.40 — — — — 0 0.20

Festuca ovina spp. ovina 0.58 0.67 0.20 0.15 0.08 0.50 — — 0.45 0.35

Festuca rubra spp. rubra 0.18 0.12 0.03 0.03 — — — — 0 0.05

Festuca vivipara — — — — — — 0.35 0.27 0.05 0.20

Geranium sylvaticum — — 0.53 1.15 — — — — — —

Geum rivale 0.03 0.05 0.40 0.10 — — — — — —

Hieracium alpinum 0 0.08 0 0.05 0.10 0.10 0.22 0 0 0.05

Huperzia selago 0 0.05 — — — — — — — —

Juncus filiformis 0 0.05 — — 0.05 0.08 — — — —

Juncus trifidus — — — — 0 0.22 — — 0.10 0.05

Leontodon autumnails 0.40 0.72 0.03 0.20 — — — — — —

Luzula frigida 0.25 0.23 0.05 0.20 — — 0 0.13 0.05 0.28

Luzula multifora — — 0 0.03 — — — — — —

Luzula sp. — — — — 0.05 0.05 — — — —

Luzula spicata 0.05 0.08 — — — — — — 0 0.05

Luzula sudetica — — 0 0.03 — — — — — —

Melampyrum sylavticum — — 0.03 0 — — — — — —

Myosotis decumbens 0 0.03 0.07 0.10 — — — — — —

Nardus stricta 0 0.30 0.30 1.32 0 0.10 — — — —

Omalotheca norvegica — — 0.05 0.45 0 0.10 — — 0.30 0.27

Omalotheca supina — — — — — — — — 0 0.05

Orthilia secunda — — — — 0.05 0 — — — —

Parnassia palustris 0.10 0.03 — — — — — — — —

Petasites frigidus 0 0.15 — — — — — — — —

Phleum alpinum — — 0.13 0.18 0.12 0.23 0 0.05 1.30 0.53

Phyllodoce caerulea — — — — — — — — 0.03 0.15

Poa alpina 0.25 0.63 0.03 0.03 0.03 0.10 0.05 0 0.40 0.18

Poa sp. 0.03 0 — — — — — — — —

Potentilla crantzii 0.50 0.25 0.03 0.20 — — — — 0 0.10

Ranunculus acris 1.25 1.60 0.37 0.95 — — — — — —

Rubus chamaemorus — — 0.25 0.03 — — 0.23 0.35 — —

Rumuex aceosta 0.75 0.20 3.52 2.15 4.23 1.15 2.10 0.68 0.18 0

Salix glauca — — 0.05 0 — — — — — —

Salix herbacea 0.77 1.15 0.55 1.63 0.63 1.58 0.63 1.45 3.37 4.85

Salix lanata 0.27 0.45 — — — — — — — —

Salix reticulata 0.13 0.13 — — — — — — — —

Saussurea alpina 2.88 3.50 0.30 0.55 — — — — — —

Selaginella selaginoides 0 0.25 — — — — — — — —

Sibbaldia procumbens 0.15 0 0 0.40 0 0.23 — — 0.30 0.72

Silene acaulis 0 0.12 0 0.05 — — — — — —

Silene dioica — — 0.05 0.08 — — — — — —

Solidago virgaurea — — 0.05 0.18 0.27 0.35 — — — —

Stellaria borealis — — 0.05 0 — — — — — —

Taraxacum spp. 0.30 0.15 0.27 0.15 — — — — 0.85 0.48

Thalictrun alpinum 1.65 3.25 0 0.33 — — — — — —

Trientalis europaea 0.18 0.35 1.45 1.05 1.00 0.57 — — — —

Trisetum spicatum — — — — — — — — 0.08 0.05

Vaccinium myrtillis 0.60 0.35 4.97 3.65 1.10 0.98 0.85 0.58 0.20 0

Vaccinium uliginosum 0.42 0.50 0.43 0.75 0.10 0 0 0.08 0.50 0.15

Vaccinium vitis-idaea 0.87 1.53 0.83 0.93 0.80 0.43 — — — —

Vahlodea atropurpurea — — — — — — 0.05 0.10 — —

Veronica alpina 0.05 0.15 — — — — — — 0.08 0.10

Viola biflora 0.67 1.27 1.22 0.62 0.37 0.32 0.25 0.10 — —

Viola palustris — — — — 0.10 0.15 — — — —
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