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In this study of 130 sites with different management we investigated whether vas-
cular plant species richness is signifi cantly reduced when traditionally managed hay 
meadows are abandoned and reforested. We also compared the effects of reforestation 
with those of intensifi ed land-use to see which have the largest effects on species rich-
ness. Finally, we investigated the relative importance of relevant ecological factors 
for species richness. While the use of artifi cial fertilizers in traditionally managed hay 
meadows has resulted in signifi cantly lower species richness, and intensive cultivation 
in even lower species richness, abandonment with reforestation has not decreased the 
species richness signifi cantly. Productivity and habitat diversity have determined the 
species richness of meadows on the scale (0.03–5.1 ha) of this study. Low productivity 
is a prerequisite for high species richness in meadows. Maximum species richness was 
observed in unproductive, old, traditionally managed hay meadows with a high soil pH 
and high habitat diversity. The high species richness of these meadows suggests that 
they are in urgent need of conservation.
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Introduction

At scales between 0.001 and 10 m2, the most 
species-rich vascular plant communities in 
the world are temperate grasslands (Peet et al. 
1983, Walker & Peet 1983, Shmida & Ellner 
1984, Grubb 1986, Willems et al. 1993, Klimes 
1999), and particularly nutrient-poor calcare-
ous grasslands (Zoller 1954, Zoller & Bischhof 

1980, Willems 1982, 1990, Ellenberg 1988, 
Kull & Zobel 1991, Fischer & Stöcklin 1997, 
Poschlod et al. 1998). These are often consid-
ered as “hot spots” for biological conservation. 
Traditionally managed pastures and hay mead-
ows in Norway are species-rich (Losvik 1993, 
Norderhaug 1988, 1996) and contain a number 
of species that are threatened or vulnerable to 
extinction due to agricultural intensifi cation or 
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abandonment (Høiland 1996). However, these 
once wide-spread communities are now rare and 
rapidly disappearing largely due to changes in 
land-use practises including intensifi cation (use 
of artifi cial fertilizers, frequent ploughing and 
reseeding; Willems 1982, Hughes & Huntley 
1988, Fisher & Stöcklin 1997, van Andel 1998) 
and abandonment (Ellenberg 1988, Lavorel et al. 
1998). These are both likely to threaten biodiver-
sity in semi-natural sites (Ostermann 1998).

The present study is a regional survey of 130 
sites localised in the county of Sogn og Fjordane, 
western Norway. The following land-use types 
were studied: traditionally managed hay mead-
ows (defi ned as more than 50 years old and never 
artifi cially fertilized hay meadows, some lightly 
fertilized with dung only, hereafter termed tra-
ditional meadows); lightly fertilized meadows, 
artifi cially fertilized hay meadows (defi ned as 
old, artifi cially fertilized hay meadows, hereafter 
termed artifi cially fertilized meadows); inten-
sively cultivated grasslands (defi ned as less than 
10 years since ploughing and heavily fertilized 
grasslands) and abandoned and reforested tra-
ditional meadows (hereafter termed reforested 
meadows). Vascular plant species richness of 
traditional meadows was compared with that of 

artifi cially fertilized meadows, intensively cul-
tivated grasslands and reforested meadows, and 
we had two main questions:

1.  Which management changes result in the 
greatest species losses locally? Specifi cally 
we aimed at detecting whether or not species 
richness will become signifi cantly reduced 
when traditional meadows are abandoned 
and reforested, and further, at comparing the 
effects of reforestation with the effects of 
different degrees of land use intensifi cation 
to see which has the most negative effects 
on local species richness. Species richness 
is known to decrease with reforestation of 
meadows when using small sampling squares 
(1 m2) (Zobel et al. 1996, Einarson & Mil-
berg 1999), however no decrease was found 
using larger sampling quadrats (5 ¥ 20 m) 
(Milberg 1995). Therefore, in order to be able 
to compare species richness of meadows with 
reforested meadows, larger sites of meadows 
and reforested meadows (0.03–5.1 ha) were 
sampled by means of species lists rather than 
a quadrat-based approach in our study.

2.  Given a number of meadows, which ones 
should be conserved and what characterizes 

Fig. 1. Map of Sogn og 
Fjordane county, western 
Norway, showing the dis-
tribution of the 130 sites 
surveyed. Many of the 
sites are so close that 
they cannot be shown 
seperately. Therefore only 
36 dots are marked on the 
map.
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them? Ecological studies which help us to 
understand the biological processes on farm-
land may be useful for developing a more tar-
geted environmental policy, trying to avoid 
the danger that environmental objectives will 
be misused to provide fi nancial support to 
farms that are of intrinsically low biodiver-
sity (Bignal 1998). At the time of our survey, 
none of the investigated high-diversity farms 
received any fi nancial support, while several 
of the low-diversity farms were supported. 
Several factors are known to affect species 
richness of meadows, among these produc-
tivity and disturbance (e.g. Grime 1973, 
1979, Huston 1994), habitat diversity (e.g. 
Huston 1994), area (e.g. Preston 1960, 1962), 
age (e.g. Gibson & Brown 1992), and soil pH 
(e.g. Kull & Zobel 1991, Zobel 1992). In this 
paper we aim to check the relative impor-
tance of these and other possible predictors 
for the species richness of meadows. We had 
a full productivity gradient from unproduc-
tive to highly productive grasslands. Also 
site mean Ellenberg indicator values for soil 
moisture, light regime, temperatures and 
soil nitrogen status were tested as potential 
predictors, as these indicators have been 
confi rmed by fi eld measurements (Diekmann 
1995, Hill & Carey 1997, Schaffers & Sykora 
2000, see also Dupré & Diekmann 1998) and 
were successfully repredicted in a study in 
Britain (Hill et al. 2000), showing that their 
use may be extended outside central Europe. 

We also wanted to investigate if species-rich 
meadows tend to have higher occurrences 
of regionally rare species and higher occur-
rences of species with narrow ecological 
tolerances than species-poor meadows.

Material and methods

Data collection

Species data

The fi eld survey was conducted on 130 sites, 
localised within an area of ca. 78 km ¥ 133 km 
(approximately 61–62°N, 6–8°E), in the county 
of Sogn og Fjordane, western Norway during 
the summers of 1994–1999 (Fig. 1). Species lists 
of all vascular plants (356 species + 5 species 
aggregates, a total of 361 taxa, presence/absence 
data) observed within the 130 sites differing in 
size (0.03–5.1 ha) were recorded. The frequen-
cies of each taxon within the fi ve management 
types are given in the Appendix. The 130 sites 
were chosen so as to represent the total variation 
in the meadow communities within the region. 
The number of sites within the 5 different land-
use types (A–E below) were: 73 hay meadows 
(land-use types A–C), i.e. old (not cultivated for 
72 years on average), mown once in summer 
(usually July), usually lightly grazed by sheep a 
few weeks in spring and autumn, three categories 
with increasing fertilizer infl uence (Table 1):

Table 1. Types of management investigated. The number of sites for each management type is given in 
brackets. Number of species recorded, estimated amounts of fertilizer applied (kg ha–1 of: nitrogen = N/ha, 
phosphorous = P/ha, potassium = K/ha from artifi cial fertilizer or dung), age (number of years since last ploughing), 
and area of the sites within the various management types.

Management type Artifi cial fertilizer Number of N/ha P/ha K/ha Age Area
  species    (years) (ha)

A: Traditional Never, small amounts 37–139 0–7.4 0–5.6 0–21.5 50– 0.03–2.74
 meadows (21) of dung only     over 120
B: Lightly fertilized Small amounts or no 26–107 0–21.9 0–9 0–40 26–120 0.05–2.0
 meadows (30) artifi cial fertilizer
C: Artifi cially fertilized Moderate amounts 32–89 25–109 0–73 0–250 29–100 0.1–1.91
 meadows (22)
D: Intensively cultivated Heavily fertilized, artifi cial 8–44 21–332 6–60 19–479 < 10 0.08–5.1
 grasslands (28) fertilizer or slurry
E: Reforested Never 34–122 Not Not Not Not 0.05–3.81
 meadows (29)   known known known known
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A: Traditional meadows (N = 21), i.e. never 
artifi cially fertilized, but some very lightly 
fertilized with dung only, not cultivated for 
the last 50 years.

B: Lightly fertilized meadows (N = 30) of the 
following types: (a) artifi cially fertilized with 
unfertilized (traditionally managed) edges; 
(b) lightly artifi cially fertilized at present; 
(c) traditionally managed (unfertilized), but 
younger (26–50 years old) and productive; 
(d) unfertilized at present, but where we had 
less information about fertilizer treatement in 
the past and some may have been tradition-
ally managed.

C: Artifi cially fertilized meadows (N = 22), 
higher fertilizer levels than in B category.

D: Intensively cultivated grasslands (N = 28), 
i.e. mown grasslands ploughed and reseeded 
with mixtures of fast-growing cultivars of 
grasses usually every fi ve years, heavily fer-
tilized with manure and/or artifi cial fertilizer, 
mown twice in summer for silage produc-
tion.

E:  Reforested meadows (N = 29), some may 
have been pastures.

Nomenclature of vascular plants follows Lid 
and Lid (1994).

Possible predictors of species richness

Management as described by farmers (Table 1): 
Grazing, number of years since ploughing (age 
of meadow) and mowing. Amounts (kg ha–1) of 
nitrogen (N), phosphorous (P) and potassium (K) 
were estimated from the amount of dung applied 
(never artifi cially fertilized meadows) or from 
artifi cial fertilizer applied by the farmer, using 
tables from Norsk Hydro (1999).

Site mean Ellenberg indicator values were 
calculated for nitrogen, light, moisture and 
temperatures by taking a simple mean over all 
species in each of the 130 sampled sites, using 
the Ellenberg indicator values in Ellenberg et al. 
(1991).

Site variables recorded for meadows and 
reforested meadows: (i) Habitats: stream, stony 
area, unshaded bare rock, shaded bare rock, 
presence of trees in meadows and of open sites 

in reforested meadows; (ii) Habitat diversity = 
number of habitats recorded; (iii) Percentage 
surrounding area with meadow and woodland 
vegetation, slope, altitude, geographical position 
along a south-north gradient and along a west-
east gradient.

Ten soil samples were taken within different 
parts of each meadow and reforested meadow 
sampled, and soil pH measured. Total soil 
carbon and nitrogen were measured from one 
soil sample for each meadow at the Agricultural 
Centre for Analysis, Ås, Norway, following 
international standards (Krogstad 1992), and 
C:N ratios were calculated.

Numerical analyses

Species-area curves: We calculated the regres-
sion slope (z) and intercept (c) using the natural 
log-log transformation of S = cAz (Arrhenius 
1921, Connor & McCoy 1979), where S is the 
expected number of species found in area A, z is 
the rate by which species richness increases with 
an increase in area, and c is the expected number 
of species in a unit area. One species-area curve 
was made for each of the following types of 
management: traditional meadows, lightly ferti-
lized meadows, artifi cially fertilized meadows, 
intensively cultivated grasslands, and reforested 
meadows.

The tests of the null hypotheses of no statis-
tically signifi cant differences in vascular plant 
species richness between traditional meadows 
versus artifi cially fertilized meadows, intensively 
cultivated grasslands and reforested meadows 
respectively, were made using multiple regres-
sion of the two types of management to be com-
pared, with management as the predictor dummy 
variable, and area as a covariable using Redun-
dancy Analysis (ter Braak 1994) as implemented 
in CANOCO 4.0 (ter Braak and Smilauer 1997) 
with unrestricted Monte Carlo permutation tests 
(999 permutations).

The 130 sites were divided into different data 
sets, so that species richness differences between 
different types of management could be com-
pared. Multiple regression analyses were carried 
out using Redundancy Analysis (ter Braak 1994) 
as implemented in CANOCO 4.0 (ter Braak & 
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Smilauer 1997) with the effects of area partialled 
out, choosing the three or four best predictors for 
differences in species numbers during forward 
selection permutation tests (ter Braak 1990) 
(999 unrestricted permutations, all variables with 
p < 0.05 are included). The resulting regression 
models were tested using Monte Carlo permuta-
tion tests (999 unrestricted permutations) and all 
presented regressions are signifi cant ( p = 0.001). 

Testing the null hypothesis of no differ-
ence between measured soil chemical variables 
between the land-use categories was done using 
the Mann-Whitney U-test choosing a signifi -
cance level of p < 0.01 according to the Bon-
ferroni method of correcting for multiple tests 
(Cooper 1968).

Do species-rich meadows tend to have more 
frequent occurrences of species occurring in few 
sites in our data, than species-poor meadows? 
Regionally rare species are expected to be found 
among the species that occur in few sites in our 
data-set, which is a regional study. Regional 
frequency of a species was measured by count-
ing the number of sites (out of 130) in which a 
species was recorded. This was done for all 361 
taxa. For each meadow we summed the regional 
frequencies of all species present and divided 
this by the number of species present within the 
meadow. A high value should then indicate many 
common species in the meadow, whereas a low 
value should indicate a high content of species 
with a low frequency in our data-set. Regionally 
rare species occur among these, however many 
species have low frequencies for other reasons. 
This fraction of “rare” species in each meadow 
was consequently correlated to the number of 
species recorded in each meadow, using Pearson 
product moment correlation analysis ( p < 0.01) 
(Sokal & Rohlf 1995).

Do species-rich meadows tend to have 
higher occurrences of species with narrow 
ecological tolerances than species-poor mead-
ows? The status “indifferent” is the only way in 
which the Ellenberg system provides informa-
tion about species tolerances (Ellenberg et al. 
1991, Schaffers & Sykora 2000). We counted 
the number of species that were not indifferent 
to light, temperature, moisture, reaction values 
and nitrogen in each meadow, and divided this 
number by the total species number of each 
meadow, as a measure of the fraction of spe-
cies with fairly narrow ecological tolerances in 
each meadow. This fraction was related to the 
number of species in each meadow using Pear-
son product moment correlation analysis ( p < 
0.01) (Sokal & Rohlf 1995).

Results

Species-area relationships

The relationship between the number of species 
recorded in the different management types and 
areas is shown in Fig. 2, and regression slopes 
(z), intercepts (c) and p values from the species-
area curves are given in Table 2. Intensively 
cultivated grasslands had the smallest intercept 
but the largest slope. All the intensively culti-
vated grasslands consisted of only one habitat 
and had very low species numbers, includ-
ing the very large ones. Artifi cially fertilized 
meadows had the largest intercept in our data 
(Table 2).

Traditional meadows and reforested mead-
ows had relatively large intercepts and slopes, 
thus we found many species in small sites, and 
many new species as area was increased.

Table 2. Regression slopes (z), intercepts (c), p and R 2 (variance explained) values from the species-area curves 
of the different land-use types shown in Fig. 2 (number of sites in each type is shown in brackets).

Management type c z p R 2

A: Traditional meadows (21) 17.05 0.177 0.0005 0.481
B: Lightly fertilized meadows (30) 12.18 0.200 0.0002 0.395
C: Artifi cially fertilized meadows (22) 34.81 0.056 0.4333 0.031
D: Intensively cultivated grasslands (28) 3.26 0.222 0.0028 0.295
E: Reforested meadows (29) 22.35 0.131 0.0016 0.313
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Signifi cance tests of species richness 
differences

Species richness of traditional meadows was 
found to be signifi cantly higher than species 
richness of both artifi cially fertilized meadows 
( p = 0.002, r = 0.46, N = 43) and species rich-
ness of intensively cultivated grasslands when 
area is controlled for ( p = 0.001, r = 0.84, 
N = 49). Species richness of traditional meadows 
was, however, not signifi cantly higher than spe-
cies richness of reforested meadows ( p = 0.22, 
r = 0.17, N = 50). Also, species richness was 
not signifi cantly higher in traditional meadows 
than in the lightly fertilized meadows ( p = 0.13, 
r = 0.22, N = 51). Species number of artifi cially 
fertilized meadows was signifi cantly higher than 
the species number of intensively cultivated 
grasslands ( p = 0.001, r = 0.85, N = 50).

Predictors of species richness 
differences

Habitat diversity and soil pH recorded explained 
71.8% of the variation in species richness within 
the traditional meadows (Table 3, analysis 1). 
Habitat diversity was strongly correlated to 

meadow area (r = 0.76, p < 0.0001). Habitat 
diversity was still a major predictor of species 
richness when the effects of area were par-
tialled out, (r = 0.48), with habitat diversity and 
the highest soil pH recorded in the meadows 
explaining 30.1% ( p < 0.05) of species rich-
ness differences. The most species-rich mead-
ows were very old (at least 120 years old). Age 
was only weakly correlated to species number 
(r = 0.3 when area was accounted for), even 
when the effects of variables that may interfere 
with a correlation between age and species rich-
ness (soil pH, habitat diversity and N-fertilizer) 
had been removed from the analysis.

Species numbers of all meadows (traditional 
and artifi cially fertilized, Table 3, analysis 2) 
constitute a gradient from species-rich traditional 
meadows with higher habitat diversity and pH-
range via less species-rich traditional meadows 
with low habitat diversity, to species-poor artifi -
cially fertilized meadows with higher site mean 
Ellenberg N values. There was a general trend 
for species richness to decrease when site mean 
Ellenberg N values were above 4 even for mead-
ows that have never been artifi cially fertilized. 
Many of the artifi cially fertilized meadows have 
higher habitat diversity. However, the number of 
species was not signifi cantly correlated to habitat 

Fig. 2. Species-area curves 
for the traditional meadows. 
Regression coeffi cients are 
given in Table 2.
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diversity for these meadows (r = 0.45, p = 0.07), 
whereas these variables were strongly correlated 
for traditional meadows (r = 0.77, p = 0.0002). 
The Mann-Whitney U-tests showed no sig-
nifi cant differences of measured soil chemical 
variables (total soil C and N, C:N ratios and soil 
pH) between meadows with widely different 
fertilizer treatment (never artifi cially fertilized 
as opposed to highly fertilized). C:N ratios and 
total soil C were signifi cantly correlated with age 
of meadows (r = 0.59, p < 0.001 and r = 0.30, 
p < 0.05 respectively).

Lower species numbers of intensively 
cultivated grasslands compared to traditional 
meadows (Table 3, analysis 3) were correlated to 
higher site mean Ellenberg N values in the inten-
sively cultivated grasslands.

When comparing traditional meadows with 
reforested meadows (Table 3, analysis 4) a gra-
dient was observed from species-rich traditional 
meadows and species-rich reforested meadows 
with higher habitat diversity and soil pH, to spe-
cies-poor traditional meadows and species-poor 
reforested meadows. Reforested meadows that 
do not contain light-exposed bare rock were gen-
erally species-poor (Table 3, analysis 5).

Finally, we investigated if species-rich mead-
ows tended to have higher occurrences of species 
with narrow ecological tolerances and/or higher 

occurrences of species that are rare in our data 
than species-poor meadows. Species-rich mead-
ows contained a higher fraction of species with 
fairly narrow tolerances with respect to light, 
temperature, moisture, reaction values and nitro-
gen (r = 0.51, p < 0.0001, sizes of the fractions 
ranged from 0.12 in a species-poor meadow to 
0.29 in a species-rich).

Species-richness of meadows was also 
strongly correlated to fraction of species that 
are regionally rare in our data (r = 0.87, p < 
0.0001). Species that are rare in our data were 
signifi cantly correlated to meadow age (r = 0.32, 
p = 0.007, r = 0.29 when amount of N-fertilizer 
is covariable), while tolerance width was not.

Discussion

Effects of reforestation and 
intensifi cation on species richness

The comparisons of species richness among 
the different land-use types suggest that use of 
artifi cial fertilizer in traditional meadows has 
resulted in signifi cantly lower species richness, 
and intensive cultivation has resulted in very low 
richness, while species richness of reforested 
meadows was not signifi cantly lower than spe-

Table 3. Major predictors for differences in species numbers between different management types emerging from 
5 regression analyses. The entries of the predictors are in the order of selection. Percentage variance explained 
of species data by the predictors, their correlation to differences in species numbers, and t values of regression 
coeffi cients, are shown. The pH variables refer to the lowest, median and range of pH measured from 10 soil sam-
ples taken within each meadow.

Analysis Management Total variance explained Predictors Correlation t

1 A: Traditional meadows N = 21 71.8% Number of habitats 0.78 4.7
   Median pH 0.51 2.7
   Lowest pH 0.15 –1.8
2 A + B + C: All meadows, 43.7% Number of habitats –0.50 –2.7
 N = 65  Potassium applied 0.38 2.3
   Ellenberg N values 0.40 2.9
   pH range –0.29 –2.5
3 A: Traditional meadows 83.0% Ellenberg N values –0.83 –4.5
 + D: intensively cultivated  Number of habitats 0.87 6.0
 grasslands, N = 57
4 A: Traditional meadows 42.7% Number of habitats 0.60 4.3
 + E: reforested meadows N = 47  Median pH 0.50 2.8
5 E: Reforested meadows N = 26 63.8% Light–exposed bare rock 0.74 5.9
   Area of rock –0.25 –2.4



430 Myklestad & Sætersdal • ANN. BOT. FENNICI Vol. 40

cies richness of traditional meadows. Some of 
the reforested meadows had high species-rich-
ness. High species-richness in reforested as 
in traditional meadows, was observed in sites 
with high habitat diversity and soil pH (Table 3, 
analysis 4). Theoretically, lower species rich-
ness due to abandonment would be expected 
if light-demanding species (large species pool) 
were replaced by species indicating shade 
(small species pool) (Zobel et al. 1996). Also, 
light intensity and red/far red ratio is very low 
under a tree canopy, which partly explains why 
species number decreases with abandonment, 
as this is not generally benefi cial for germina-
tion and survival (Willems 1983). However, in 
our study the site mean Ellenberg indicator for 
light regime was not signifi cantly related to dif-
ferences in species numbers between reforested 
and traditional meadows, although this indicator 
was strongly correlated to differences in species 
composition (Å. Myklestad & M. Sætersdal 
unpubl. data). Low species numbers were found 
in reforested sites without bare rock. Thus, aban-
donment seems to result in lower species rich-
ness as a woodland fl ora replaces the meadow 
fl ora, but this is prevented if light-exposed 
habitats such as bare rock are present. If these 
open habitats become shaded at a later stage in 
succession, vascular plant number is expected to 
decrease. However, although local species rich-
ness of traditional meadows may not decrease if 
they are abandoned and reforested, the meadow 
fl ora that was observed in the reforested mead-
ows consisted mainly of generalists, while the 
habitat specialists observed in the species-rich 
traditional meadows contributing to regional 
species richness were absent (Å. Myklestad & 
M. Sætersdal unpubl. data).

Environmental variability

According to MacArthur (1965; but see Connor 
& McCoy 1979), the intercept parameter in the 
species-area relationship is a measure of alpha 
diversity and the slope parameter is a measure of 
beta diversity. The intensively cultivated grass-
lands had the smallest intercept but the largest 
slope in the data set (Fig. 2 and Table 2), sug-
gesting low alpha diversity and high beta diver-

sity. These grasslands may be heterogeneous due 
to their young age, as different species by chance 
may grow on the bare, recently ploughed soil, 
resulting in the possibility of encountering new 
species with increasing area. The species-area 
curve for the artifi cially fertilized meadows, 
had the largest intercept in our data, but the 
slope was very small and not signifi cant (Fig. 2 
and Table 2). The species-area results thus sug-
gested that the artifi cially fertilized meadows 
are rather homogenous, with few occurrences of 
new species with larger area sampled. Thus, the 
same species tend to be recorded within different 
parts of the meadow. The artifi cially fertilized 
meadows, in contrast to intensively cultivated 
grasslands, are old. The tendency for species 
to reach all micro-sites within a meadow has 
been described for homogeneous meadows in 
the ‘carousel model  ̓ (van der Maarel & Sykes 
1993), however these were grazed and nutri-
ent- and water-defi cient. Traditional meadows 
and reforested meadows had relatively large 
intercepts and slopes (Fig. 2 and Table 2), sug-
gesting both high alpha diversity as well as high 
beta diversity, thus suggesting that these vegeta-
tion types are rather heterogeneous at the spatial 
scale used in our study. For traditional meadows 
the increase in species richness with increasing 
area was related to an increase in habitat diver-
sity, as shown by the multiple regression results. 
The effects of habitat diversity and area per se on 
species richness are diffi cult to separate (Connor 
& McCoy 1979). However, habitat diversity was 
signifi cantly correlated to species richness even 
when the effects of area were partialled out, thus 
habitat diversity seems to be a major predictor of 
species richness of traditional meadows. This is 
in agreement with Huston (1994) in that environ-
mental diversity is one of the strongest correlates 
of species diversity, as species richness increases 
with increased number of different habitat types 
with groups of different species.

Predictors of species richness of hay 
meadows

One major factor predicting high species rich-
ness of hay meadows is the soil nutrient status, 
shown in this study by the signifi cant decrease in 
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species numbers with use of artifi cial fertilizer, 
and by the general trend of species richness 
decrease when site mean Ellenberg N values 
were above 4 even for meadows that have never 
been artifi cially fertilized. Negative effects of 
fertilization on species richness have been shown 
in a number of studies (e.g. Mountford et al. 
1993, Eriksson et al. 1995, Mitchley et al. 1996, 
Austrheim et al. 1999), while the mechanism(s) 
by which nutrient additions cause species rich-
ness to decline has remained unclear (Willems 
et al. 1993), see e.g. Grime (1979) and Leps 
(1999) versus Tilman (1988), Goldberg et al. 
(1999) and Taylor et al. (1990). Meadows with 
low values of Ellenberg N often have nitrophilic 
species, though in very low cover, in addition to 
a number of nitrophobic species. Thus the pres-
ence of nitrophobic species in a meadow usually 
means it may be species-rich, while moderate 
or high cover of one or more nitrophilic species 
means it is species-poor.

Nutrient-poor meadows were species-rich 
only if habitat diversity and soil pH was high. 
Many of the artifi cially fertilized meadows had 
higher habitat diversity, yet they were species-
poor. Species numbers of traditional meadows 
were signifi cantly positively correlated to habitat 
diversity in our study, while species numbers of 
artifi cially fertilized meadows were not. Fewer 
species are expected to occur in different habitats 
if they are fertilized and thereby productive, as 
the species pool is predicted to decrease with 
increasing biomass, while a much wider array 
of vegetation types exists as fertility decreases 
and disturbance increases (Keddy & MacLellan 
1990). The most species-rich traditional mead-
ows in our data were a mosaic of different unpro-
ductive base-rich habitats (up to 5), each adding 
their particular species. The relationship between 
high soil pH and high species richness in mead-
ows is in agreement with Ellenberg (1988) and 
Austrheim et al. (1999) and has been explained 
by a larger species-pool for species present in 
neutral or base-rich soils (Grubb 1986, Zobel 
1992, Bengtsson et al. 1994).

Age was not selected as predictor for species 
richness in the multiple regression analyses, and 
we were not able to fi nd more than a weak corre-
lation between age and species richness for tradi-
tional meadows, thus age seems to be less impor-

tant for species richness in these meadows than 
productivity and habitat diversity. However, age 
is a factor that is very diffi cult to estimate (e.g. 
bare rock has never been ploughed, very few 
farmers know the age of their meadows beyond 
50 years, etc.). The most species-rich traditional 
meadows (e.g. 116 vascular plants in 0.9 ha) 
with high habitat diversity and soil pH were also 
characterised by high age (at least 115 years). 
Generally, accumulation of species with age in 
meadows towards species richness takes decades 
to centuries (Gibson & Brown 1992, Zobel 1992, 
van der Woude et al. 1994), but the effect may 
also be indirect via the development of specifi c 
soil characteristics, e.g. low nutrients (Eriksson 
et al. 1995). One such factor may be the C:N 
ratios increasing with age of meadow observed 
in our data, reducing soil N availability for plant 
uptake (Mengel & Kirby 1978, Killham 1994). 
For young traditional meadows (30– 40 years 
old, for older meadows we lack information), 
we know that large amounts of dung were used 
at the time they were created in order to prevent 
weeds, thus the fl ora of these tends to indicate 
higher productivity than the fl ora of old tradi-
tional meadows. The correlation seen between 
age and species that are rare in our data may be 
due to the regionally rare species generally indi-
cating nutrient-poor conditions, thus they cannot 
establish themselves before soil properties have 
developed from productive to nutrient-poor, 
which takes time (45 years for N-mineralization 
to decline was shown by Olff & Pegtel 1994). 
Another hypothesis is that dispersal capacity of 
small populations may be smaller due to lower 
output of dispersal agencies. Hence, species 
rarity may be caused by smaller dispersal ability 
and/or a smaller ability to establish at a site.

The species-rich meadows had a strong 
tendency to contain species that are rare, and 
regionally rare species are expected to occur 
among these. One mechanism whereby high 
species richness is correlated to the occurrences 
of species that are rare in our data may be that 
the most species-rich meadows have high habitat 
diversity, and many of these habitats are rare in 
our data-set and thus tend to contain rare spe-
cies. In this way, the most species-rich meadows 
also contribute most to species richness in the 
region. Thus, local species richness and regional 
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diversity are related as a result of nested habitats 
(Honnay et al. 1999; Å. Myklestad & M. Sæters-
dal unpubl. data).

Species richness of meadows was also 
strongly correlated to the number of species with 
narrow ecological tolerances. Low productiv-
ity, different habitats and higher soil pH in a 
meadow with time, probably enables a number 
of species with narrow tolerances according to 
Ellenberg et al. (1991) (habitat specialists) to 
establish, resulting in high species richness of 
the meadow. Vulnerable species are more likely 
to occur among species that are regionally rare 
and have narrow tolerances, suggesting that spe-
cies richness and vulnerability are not independ-
ent in our data (Austrheim et al. 1999). Many 
vulnerable species may be habitat specialists, 
which, if the habitats are rare, again may explain 
why they are regionally rare (Rabinowitz et 
al. 1986). Extinctions are more likely to occur 
more rapidly if species are restricted to vulner-
able habitats and have low local populations 
(Saunders et al. 1991, Austrheim et al. 1999). 
Thus, species-rich meadows are in great need 
of conservation. Our results suggest that many 
factors have to be present at the same time if a 
meadow is to be species-rich and contain region-
ally rare species, which is why these meadows 
are rare. Unproductive soil conditions are of 
primary importance, but do not by themselves 
guarantee high species numbers. Additionally, 
habitat diversity, high soil pH and high age will 
increase the species richness of meadows. This 
suggests that their recreation is diffi cult (e.g. 
Hughes & Huntley 1988, Dzwonko & Loster 
1998), emphasizing the need for conservation of 
existing species-rich meadows.

Acknowledgements

We are deeply indebted to H. J. B. Birks for helping with the 
design of this study and for his support during the work. We 
also thank I. Austad and A. Norderhaug for discussions and help 
during the study. Financial support was received from “Norges-
nett” (University of Bergen and Sogn og Fjordane College).

References

Arrhenius, O. 1921: Species and area. — J. Ecol. 9: 95–99.

Austrheim, G., Gunilla, E., Olsson, A. & Grøntvedt, E. 1999: 
Land-use impact on plant communities in semi-natural 
sub-alpine grasslands of Budalen, central Norway. 
— Biol. Cons. 87: 369–379.

Bengtsson, J., Fagerström, T. & Rydin, H. 1994: Competi-
tion and coexistence in plant communities. — TREE 9: 
246–250.

Bignal, E. M. 1998: Using an ecological understanding of 
farmland to reconcile nature conservation requirements, 
EU agriculture policy and world trade agreements. — J. 
Appl. Ecol. 35: 949–954.

Connor, E. F. & McCoy, E. D. 1979: The statistics and biol-
ogy of the species-area relationship. — Am. Nat. 113: 
791–833.

Cooper, D. W. 1968: The signifi cance level in multiple tests 
made simultaneously. — Heredity 23: 614–617. 

Diekmann, M. 1995: Use and improvement of Ellenbergʼs 
indicator values in deciduous forests of the Boreo-
nemoral zone in Sweden. — Ecography 18: 178–189.

Dupré, C. & Diekmann, M. 1998: Prediction of occurrence 
of vascular plants in deciduous forests of South Sweden 
by means of Ellenberg indicator values. — Appl. Veg. 
Sci. 1: 139–150.

Dzwonko, Z. & Loster, S. 1998: Dynamics of species rich-
ness and composition in a limestone grassland restored 
after tree cutting. — J. Veg. Sci. 9: 387–394.

Einarsson, A. & Milberg, P. 1999: Species richness and 
distribution in relation to light in wooded meadows and 
pastures in southern Sweden. — Ann. Bot. Fennici 36: 
99–107.

Ellenberg, H. 1988: Vegetation ecology of central Europe. 
— Cambridge Univ. Press, Cambridge.

Ellenberg, H., Weber, H. E., Düll, R., Wirth, V., Werner, W. 
& Paulißen, D. 1991: Zeigerwerte von Pfl anzen in Mit-
teleuropa. — Scripta Geobotanica 18: 1–37.

Eriksson, Å., Eriksson, O. & Berglund, H. 1995: Species 
abundance patterns of plants in Swedish semi-natural 
pastures. — Ecography 18: 310–317.

Fischer, M. & Stöcklin, J. 1997: Local extinctions of plants 
in remnants of extensively used calcareous grasslands 
1950–1985. — Cons. Biol. 11: 727–737.

Gibson, C. W. D. & Brown, V. K. 1992: Grazing and veg-
etation change: defl ected or modifi ed succession? — J. 
Appl. Ecol. 29: 120–131.

Goldberg, D. E., Rajaniemi, T., Gurevitch, J. & Stewart-
Oaten, A. 1999: Empirical approaches to quantifying 
interaction intensity: Competition and facilitation along 
productivity gradients. — Ecology 8: 1118–1131.

Grime, J. P. 1973: Competitive exclusion in herbaceous veg-
etation. — Nature 242: 344–347.

Grime, J. P. 1979: Plant strategies and vegetation processes. 
— John Wiley, Chichester.

Grubb, P. J. 1986: Problems posed by sparse and patchily dis-
tributed species in species-rich plant communities. — In: 
Diamond, J. & Case, T. J. (eds.), Community ecology: 
207–226. Harper & Row, New York.

Hill, M. O. & Carey, P. D. 1997: Prediction of yield in the 
Rothamsted Park grass experiment by Ellenberg indica-
tor values. — J. Veg. Sci. 8: 579–586.

Hill, M. O., Roy, D. B., Mountford, J. O. & Bunce, R. G. 



ANN. BOT. FENNICI Vol. 40 • Effects of reforestation and intensifi ed land use on vascular plant richness 433

H. 2000: Extending Ellenbergʼs indicator values to new 
areas: an algorithmic approach. — J. Appl. Ecol. 37: 
3–15.

Honnay, O., Hermy, M. & Coppin, P. 1999: Nested plant 
communities in deciduous forest fragments: species 
relaxation or nested habitats? — Oikos 84: 119–129.

Høiland, K. 1996: Truete kulturbetingete planter i Norge. 3. 
Planter i beitemark og slåtteng. — NINA Fagrapport 19: 
1–33.

Hughes, J. & Huntley, B. 1988: Upland hay meadows in 
Britain — their vegetation, management and future. 
— In: Birks, H. H., Birks, H. J. B., Kaland, P. E. & Moe, 
D. (eds.), The cultural landscape — past, present and 
future: 91–110. Cambridge Univ. Press, Cambridge.

Huston, M. A. 1994: Biological diversity. The coexistence of 
species on changing landscapes. — Cambridge Univ. 
Press, Cambridge.

Keddy, P. A. & MacLellan, P. 1990: Centrifugal organisation 
in forest. — Oikos 59: 75–84.

Killham, K. 1994: Soil ecology. — Cambridge Univ. Press.
Klimes, L. 1999: Small-scale plant mobility in a species-rich 

grassland. — J. Veg. Sci. 10: 209–218.
Krogstad, T. 1992: Metoder for jordanalyser. — Institutt for 

jordfag. Rapport 6: 1–32.
Kull, K. & Zobel, M. 1991: High species richness in an Esto-

nian wooded meadow. — J. Veg. Sci. 2: 711–714.
Lavorel, S., Touzard, B., Lebreton, J. D. & Clement, B. 1998: 

Identifying functional groups for response to disturbance 
in an abandoned pasture. — Acta Oecol. 19: 227–240.

Leps, J. 1999: Nutrient status, disturbance and competition: 
an experimental test of relationships in a wet meadow 
copy. — J. Veg. Sci. 10: 219–230.

Lid, J. & Lid, D. T. 1994: Norsk fl ora. — Det Norske Sam-
laget.

Losvik, M. H. 1993: Total species number as a criterion for 
conservation of hay meadows. — In: Bunce, R. G. H., 
Rysckowski, L. & Paoletti, M. G. (eds.), Landscape 
ecology and agroecosystems: 105–111. Lewis, Boca 
Raton.

MacArthur, R. 1965: Patterns of species diversity. — Bio-
logical Rev. 40: 510–533.

Mengel, K. & Kirby, E. A. 1978: Principles of plant nutri-
tion. — Int. Potash Inst., Bern.

Milberg, P. 1995: Soil seed bank after 18 years of succession 
from grassland to forest. — Oikos 72: 3–13.

Mitchley, J., Buckley, G. P. & Helliwell, D. R. 1996: Vegeta-
tion establishment on chalk marlspoil: the role of nurse 
grass species and fertiliser application. — J. Veg. Sci. 7: 
543–548.

Mountford, J. O., Lakhani, K. H. & Kirkham, F. W. 1993: 
Experimental assessment of the effects of nitrogen addi-
tion under hay-cutting and aftermath grazing on the veg-
etation of meadows on a Somerset peat moor. — J. Appl. 
Ecol. 30: 321–332.

Norderhaug, A. 1988: Urterike slåttenger i Norge, rapport 
fra for-prosjekt. — Økoforsk Utredning.

Norderhaug, A. 1996: Hay meadows: biodiversity and con-
servation. — Ph.D. thesis, Univ. Göteborg. 

Norsk Hydro 1999: Gjødselhåndbok. — Hydro Agri Norge, 
Solli, Oslo. 

Olff, H. & Pegtel, D. M. 1994: Characterisation of the type 
and extent of nutrient limitation in grassland vegetation 
using a bioassay with intact sods. — Plant & Soil 163: 
217–224.

Ostermann, O. P. 1998: The need for management of nature 
conservation sites designed under Natura 2000. — J. 
Appl. Ecol. 35: 968–973.

Peet, R. K., Glenn-Lewin, D. C., Walker, J. & Wolf, J. W. 
1983: Prediction of manʼs impact on plant species diver-
sity. — In: Holzner, W., Werger, M. J. A. & Ikusima, I. 
(eds.), Man s̓ impact on vegetation: 41–54. Junk, The 
Hague.

Poschlod, P., Kiefer, S., Tränkle, U., Fischer, S. & Bonn, S. 
1998: Plant species richness in calcareous grasslands as 
affected by dispersability in space and time. — Appl. 
Veg. Sci. 1: 75–90.

Preston, F. W. 1960: Time and space and the variation of spe-
cies. — Ecology 41: 611–627.

Preston, F. W. 1962: The canonical distribution of common-
ness and rarity. — Ecology 43: 185–215, 410–432.

Rabinowitz, D., Cairns, S. & Dillon, T. 1986: Seven forms of 
rarity and their frequency in the fl ora of the British Isles. 
— In: Soulé, M. E. (ed.), Conservation biology: the sci-
ence of scarcity and diversity: 182–204. Sinauer Assoc., 
Sunderland, Mass.

Saunders, D. A., Hobbs, R. J. & Margules, C. R. 1991: 
Biological consequences of ecosystem fragmentation: a 
review. — Cons. Biol. 5: 18–32.

Schaffers, A. P. & Sykora, K. V. 2000: Reliability of Ellen-
berg indicator values for moisture, nitrogen and soil 
reaction: a comparison with fi eld measurements. — J. 
Veg. Sci. 11: 225–244.

Shmida, A. & Ellner, S. P. 1984: Coexistence of plant species 
with similar niches. — Vegetatio 58: 29–55.

Sokal, R. R. & Rohlf, F. J. 1995: Biometry. The principles 
and practice of statistics in biological research, 3rd edi-
tion. — W.H. Freeman & Co., New York.

Taylor, D. R., Aarssen, L. W. & Loehle, C. 1990: On the rela-
tionship between r/K selection and environmental carry-
ing capacity: a new habitat templet for plant life history 
strategies. — Oikos 58: 239–250.

ter Braak, C. J. F. 1990: Update notes: CANOCO version 
3.10. — Agric. Math. Group, Wageningen.

ter Braak, C. J. F. 1994: Canonical community ordination. 
Part I: Basic theory and linear methods. — Ecoscience 
1: 127–140.

ter Braak, C. J. F. & Smilauer, P. 1997: Canoco for Windows 
version 4.0. — Centre for Biometry, Wageningen.

Tilman, D. 1988: Plant strategies and the dynamics and 
structure of plant communities. — Princeton Univ. Press.

van Andel, J. 1998: Two approaches towards the relationship 
between plant species diversity and ecosytem function-
ing. — Appl. Veg. Sci. 1: 9–14.

van der Maarel, E. & Sykes, M. T. 1993: Small-scale plant 
species turnover in grasslands: the carousel model and a 
new niche concept. — J. Veg. Sci. 4: 179–188.

van der Woude, B. J., Pegtel, D. M. & Bakker, J. P. 1994: 
Nutrient limitation after long-term nitrogen fertilizer 
application in cut grasslands. — J. Appl. Ecol. 31: 
405–412.



434 Myklestad & Sætersdal • ANN. BOT. FENNICI Vol. 40

Walker, J. & Peet, R. K. 1983: Composition and species 
diversity of pine-wiregrass savanna of the Green Swamp, 
North Carolina. — Vegetatio 55: 163–179.

Willems, J. H. 1982: Phytosociological and geographical 
survey of Mesobromion communities in western Europe. 
— Vegetatio 48: 177–240.

Willems, J. H. 1983: Species composition and above ground 
phytomass in chalk grassland with different manage-
ment. — Vegetatio 52: 171–180.

Willems, J. H. 1990: Calcareous grasslands in continental 
Europe. — In: Hillier, S. H., Walton, D. W. H. & Wells, 
D. A. (eds.), Calcareous grasslands — ecology and man-
agement: 3–10. Bluntisham Books, Bluntisham.

Willems, J. H., Peet, R. K. & Bik, L. 1993: Changes in chalk-

grassland structure and species richness resulting from 
selective nutrient additions. — J. Veg. Sci. 4: 203–212.

Zobel, M. 1992: Plant species coexistence — the role of 
historical, evolutionary and ecological factors. — Oikos 
65: 314–320.

Zobel, M., Suurkask, M., Rosén, E. & Pärtel, M. 1996: 
The dynamics of species richness in an experimentally 
restored calcareous grassland. — J. Veg. Sci. 7: 203–210.

Zoller, H. 1954: Die Arten der Bromus erectus Wiesen des 
Schweizer Juras. — Veröffentl. Geobot. Inst. ETH, Stif-
tung Rübel, Zürich 28: 1–283.

Zoller, H. & Bischhof, N. 1980: Stufen der Kulturinten-
sität und ihr Einfl uss auf Artenzahl und Artenfüge der 
Vegetation. — Phytocoenologia 7: 35–51.



ANN. BOT. FENNICI Vol. 40 • Effects of reforestation and intensifi ed land use on vascular plant richness 435

Appendix. Species list showing the frequency of each species within each management type (number of sites with 
species present divided by total site number within each management type).

 Traditional Lightly Artifi cially Intensively Reforested
 meadows fertilized fertilized cultivated meadows
 N = 21 meadows meadows grasslands N = 29
  N = 30 N = 22 N = 28

Achillea millefolium 1.00 0.97 1.00 0.68 0.72
Achillea ptarmica 0.10 0.30 0.32 0.11 0.03
Acinos arvensis 0.19    0.07
Aconitum septentrionale 0.43 0.27 0.05  0.59
Actaea spicata     0.03
Aegopodium podagraria  0.03
Agrostis canina  0.03   0.10
Agrostis capillaris 0.90 0.90 1.00 0.14 0.90
Agrostis stolonifera     0.03
Ajuga pyramidalis 0.38 0.30 0.41  0.14
Alchemilla alpina 0.57 0.43 0.23  0.38
Alchemilla spp. 0.86 0.90 1.00 0.61 0.66
Allium oleraceum  0.03 0.05
Alnus incana 0.33 0.13 0.36  0.97
Alopecurus geniculatus   0.05 0.29
Alopecurus pratensis 0.48 0.63 0.64 0.43 0.07
Anemone nemorosa 0.05    0.10
Anethum graveolens    0.04
Angelica sylvestris 0.43 0.67 0.73 0.11 0.62
Antennaria dioica 0.48 0.13 0.09  0.17
Anthoxanthum odoratum 1.00 1.00 1.00 0.07 0.66
Anthriscus sylvestris 0.48 0.73 0.77 0.61 0.31
Anthyllis vulneraria 0.19 0.10 0.05  0.03
Aquilegia vulgaris 0.05  0.05  0.03
Arabis hirsuta 0.10
Arabis petrea 0.05    0.03
Arabidopsis thaliana 0.10 0.10 0.09 0.04
Arctium minus  0.07   0.07
Arctostaphylos uva-ursi 0.05
Arenaria serpyllifolia   0.05 0.04 0.03
Arrhenatherum elatius  0.03 0.05 0.04
Artemisia vulgaris 0.05   0.04
Asplenium septentrionale 0.05    0.03
Asplenium trichomanes 0.05    0.14
Athyrium fi lix-femina 0.19 0.23 0.36  0.93
Atriplex spp.   0.05 0.32
Avenula pratensis  0.03
Avenula pubescens 0.05 0.03 0.09
Barbarea vulgaris 0.05   0.04
Bartsia alpina 0.05
Berberis vulgaris     0.07
Betula pendula  0.13 0.09  0.34
Betula pubescens 0.33 0.07 0.09  0.72
Bistorta vivipara 0.76 0.47 0.36 0.04 0.24
Botrychium lunaria 0.29 0.03
Brachytecium pinnatum    0.04
Brassica oleraceum    0.11
Briza media 0.14 0.10   0.03
Bromus inermis    0.11
Bromus tectorum 0.14 0.13 0.05
Calamagrostis epigeios     0.17

Continues
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Appendix. Continued.

 Traditional Lightly Artifi cially Intensively Reforested
 meadows fertilized fertilized cultivated meadows
 N = 21 meadows meadows grasslands N = 29
  N = 30 N = 22 N = 28

Calamagrostis purpurea 0.05  0.09  0.17
Calluna vulgaris 0.38 0.03 0.05  0.17
Caltha palustris 0.29 0.17 0.05 0.04 0.07
Campanula cervicaria 0.05 0.03
Campanula glomerata  0.03
Campanula latifolia     0.03
Campanula rotundifolia 1.00 0.83 0.77 0.07 0.93
Capsella bursa-pastoris  0.03  0.68
Carduus crispus   0.05 0.07
Cardamine fl exuosa  0.10 0.09 0.04 0.14
Cardamine pratensis 0.05 0.17 0.18 0.07
Carex canescens 0.05 0.03 0.05
Carex capillaris 0.05    0.03
Carex demissa 0.14 0.03   0.07
Carex echinata 0.05    0.14
Carex fl ava 0.10    0.07
Carex muralis     0.03
Carex nigra 0.38 0.27 0.18 0.04 0.03
Carex ovalis 0.29 0.47 0.32  0.03
Carex pallescens 0.76 0.77 0.41  0.79
Carex panicea 0.48 0.23 0.09  0.14
Carex pilulifera 0.57 0.50 0.14  0.17
Carex pulicaris  0.03
Carex rupestris     0.03
Carex serotina 0.10  0.05
Carex vaginata 0.05
Carum carvi 0.62 0.60 0.50  0.10
Centaurea jacea 0.24 0.30 0.09  0.10
Cerastium alpinum 0.05    0.07
Cerastium fontanum 0.71 0.63 0.59 0.46 0.62
Chamomilla suaveolens  0.03 0.05 0.36
Chrysosplenium alternifolium  0.03
Cicerbita alpina  0.03
Circaea alpina     0.45
Circaea intermedia     0.07
Cirsium arvense  0.03
Cirsium helenoides 0.52 0.60 0.50 0.07 0.66
Cirsium palustre 0.19 0.10 0.05  0.34
Cirsium vulgare   0.05 0.04 0.10
Clinopodium vulgare 0.14 0.03 0.05  0.28
Coeloglossum viride 0.05
Conopodium majus 0.05
Convallaria majalis     0.07
Corylus avellana 0.05  0.09  0.45
Cotoneaster scandinavicus 0.10    0.10
Crepis paludosa 0.19 0.03 0.05  0.28
Crepis tectorum 0.10
Cryptogramma crispa 0.05
Cynosurus cristatus 0.10 0.03
Cystopteris fragilis 0.05  0.05  0.38
Dactylorhiza fuchsii 0.19 0.03 0.05  0.10
Dactylorhiza maculata 0.05 0.07 0.09  0.07

Continues
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Appendix. Continued.

 Traditional Lightly Artifi cially Intensively Reforested
 meadows fertilized fertilized cultivated meadows
 N = 21 meadows meadows grasslands N = 29
  N = 30 N = 22 N = 28

Dactylis glomerata 0.81 0.77 0.95 0.71 0.69
Dantonia decumbens 0.29 0.20 0.09 0.04 0.03
Daucus carota  0.03  0.07 0.03
Deschampsia cespitosa 0.81 0.97 1.00 0.39 1.00
Deschampsia fl exuosa 0.86 0.63 0.68 0.04 0.83
Dianthus deltoides 0.10 0.07
Digitalis purpurea 0.05 0.03   0.07
Draba incana 0.10
Dryopteris fi lix-mas 0.14 0.13   0.62
Elymus canina     0.55
Elymus repens 0.05  0.05 0.39
Empetrum nigrum 0.10    0.03
Epilobium angustifolium 0.10 0.03 0.14  0.21
Epilobium collinum 0.10 0.03 0.05  0.07
Epilobium hornemannii  0.03   0.03
Epilobium montanum  0.07 0.09  0.72
Equisetum arvense 0.43 0.23 0.41 0.07 0.24
Equisetum pratense 0.10 0.27 0.18 0.07 0.03
Equisetum sylvaticum 0.05  0.05  0.10
Erigeron borealis 0.14
Eriophorum latifolium 0.05    0.03
Erodium cicerbitum 0.05
Erophila verna 0.10 0.03
Euphrasia spp. 0.43 0.23 0.23 0.04 0.03
Festuca ovina 0.38 0.23 0.18  0.17
Festuca pratensis 0.43 0.30 0.36 0.64 0.07
Festuca rubra 0.90 0.83 0.73  0.45
Festuca vivipara 0.10
Filaginella uliginosa    0.04
Filipendula ulmaria 0.52 0.77 0.64 0.25 0.83
Fragaria vesca 0.76 0.60 0.50  0.93
Frangula alnus 0.05  0.05  0.07
Fraxinus excelsior 0.14 0.10 0.14  0.31
Fumaria offi cinalis    0.04
Gagea lutea  0.07
Galeopsis bifi da 0.05 0.03  0.07 0.79
Galeopsis speciosa 0.14 0.17 0.18 0.04 0.07
Galeopsis tetrahit  0.03  0.04 0.31
Galium album 0.29 0.27 0.45 0.18 0.07
Galium aparine  0.03  0.07 0.07
Galium boreale 0.86 0.87 0.86  0.83
Galium odoratum     0.07
Galium palustre 0.05    0.14
Galium saxatile 0.10 0.03 0.09
Galium trifl orum  0.07
Galium uliginosum 0.62 0.40 0.27  0.41
Galium verum 0.38 0.50 0.50  0.14
Gentianella campestris 0.19
Geranium robertianum 0.05 0.03   0.45
Geranium sylvaticum 0.90 0.90 0.77 0.14 0.83
Geum rivale 0.57 0.63 0.50 0.04 0.69
Geum urbanum 0.05 0.07   0.69
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Appendix. Continued.

 Traditional Lightly Artifi cially Intensively Reforested
 meadows fertilized fertilized cultivated meadows
 N = 21 meadows meadows grasslands N = 29
  N = 30 N = 22 N = 28

Glechoma hederacea  0.03
Glyceria fl uitans    0.04
Gymnadenia conopsea 0.52 0.20
Gymnocarpium dryopteris 0.24 0.07 0.14  0.62
Heracleum sibiricum   0.05
Heracleum sphondylium 0.10 0.20 0.23 0.07 0.03
Hieracium pilosella 0.95 0.70 0.59  0.21
Hieracium scandinavicum 0.05 0.07
Hieracium suecicum   0.09
Hieracium sylvaticum     0.55
Hieracium umbellatum 0.43 0.50 0.50  0.38
Hieracium vulgata 0.38 0.27 0.18  0.03
Holcus lanatus  0.20 0.27
Holcus mollis  0.03   0.14
Humulus lupulus  0.03
Huperzia selago     0.03
Hypericum maculatum 0.86 0.90 0.86  0.93
Hypericum perforatum 0.14    0.17
Hypochoeris maculata 0.10 0.20 0.14
Hypochoeris radicata  0.03
Impatiens noli-tangere     0.34
Impatiens parvifl ora     0.03
Juncus articulatus 0.10  0.05  0.10
Juncus bufonius  0.03  0.04
Juncus effusus 0.05
Juncus fi liformis 0.14 0.23 0.14  0.03
Juniperus communis 0.33 0.07 0.14  0.66
Knautia arvensis 0.86 0.93 0.77  0.59
Lamium purpureum    0.11
Lappula defl exa     0.07
Lapsana communis     0.03
Lathyrus linifolius 0.19 0.07 0.14  0.10
Lathyrus pratensis 0.38 0.20 0.14  0.10
Leontodon autumnalis 0.24 0.37 0.45 0.32
Leucanthemum vulgare 0.81 0.83 0.77 0.21 0.31
Linaria vulgaris 0.24 0.13 0.27 0.04 0.21
Linnaea borealis     0.10
Linum cartharticum 0.24 0.07   0.07
Listera ovata 0.10
Lolium multifl orum    0.04
Lolium perenne   0.05 0.43
Lotus corniculatus 0.90 0.63 0.73 0.04 0.24
Luzula multifl ora 0.90 0.97 0.95  0.52
Luzula pilosa 0.14 0.10 0.14  0.28
Luzula spicata 0.10
Luzula sylvatica 0.05    0.03
Lychnis viscaria 0.24 0.53 0.41 0.04 0.03
Maianthemum bifolium 0.10 0.03 0.05  0.17
Matricaria maritima  0.03  0.04
Matricaria perforata   0.05 0.39
Matteuccia struthiopteris 0.05    0.03
Melampyrum pratense 0.33 0.07 0.23  0.34
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Appendix. Continued.

 Traditional Lightly Artifi cially Intensively Reforested
 meadows fertilized fertilized cultivated meadows
 N = 21 meadows meadows grasslands N = 29
  N = 30 N = 22 N = 28

Melampyrum sylvaticum 0.10 0.03   0.24
Melica nutans 0.14 0.03   0.55
Mentha arvensis 0.05
Milium effusum     0.07
Minuartia bifolia     0.03
Moehringia trinervia     0.10
Molinia caerulea 0.43 0.10   0.34
Mycelis muralis     0.14
Myosotis arvensis 0.62 0.50 0.45 0.14 0.34
Myosotis laxa  0.03   0.03
Myosotis scorpioides 0.05 0.07 0.14
Myosotis stricta  0.03 0.05
Nardus stricta 0.48 0.30 0.05  0.07
Omalotheca norvegica 0.10 0.10
Omalotheca sylvatica  0.07 0.14  0.03
Orchis mascula 0.05 0.10   0.03
Origanum vulgare 0.24 0.07   0.28
Orthilia secunda     0.03
Oxalis acetosella 0.10 0.07 0.09  0.90
Oxyria digyna     0.03
Paris quadrifolia     0.24
Parnassia palustris 0.05    0.03
Persicaria maculoca    0.07
Phalaris arundinaceae 0.05  0.05 0.07 0.10
Phegopteris connectilis 0.19 0.07 0.09  0.76
Phleum alpinum 0.10 0.20 0.05
Phleum pratense 0.38 0.53 0.59 0.82 0.03
Picea abies     0.34
Pimpinella saxifraga 0.57 0.63 0.45  0.38
Pinguicula vulgaris 0.14    0.03
Pinus sylvestris 0.14    0.24
Plantago lanceolata 0.67 0.63 0.68  0.24
Plantago major 0.10 0.13 0.32 0.14 0.07
Plantago media 0.05  0.05
Platanthera bifolia 0.19 0.03
Platanthera chlorantha 0.05 0.03 0.05
Poa alpina 0.10
Poa annua 0.14 0.23 0.36 0.68 0.21
Poa fl exuosa 0.05
Poa glauca 0.29 0.13   0.28
Poa nemoralis 0.14 0.10   0.79
Poa pratensis 0.86 0.83 0.91 0.36 0.34
Poa trivialis 0.29 0.27 0.23 0.79 0.41
Polypodium vulgare 0.05  0.05  0.45
Polygonum aviculare  0.03 0.05 0.43
Polystichum lonchitis     0.10
Polygonatum odoratum     0.07
Polygonatum verticillatum 0.05    0.17
Populus tremula 0.33 0.27 0.27  0.55
Potentilla argentea 0.57 0.47 0.36 0.14 0.28
Potentilla crantzii 0.43 0.10
Potentilla erecta 0.86 0.80 0.77  0.93
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Appendix. Continued.

 Traditional Lightly Artifi cially Intensively Reforested
 meadows fertilized fertilized cultivated meadows
 N = 21 meadows meadows grasslands N = 29
  N = 30 N = 22 N = 28

Potentilla palustris     0.03
Polygala vulgaris 0.24 0.07 0.05
Prunus avium  0.03
Prunus padus  0.13 0.14 0.04 0.83
Prunella vulgaris 0.67 0.57 0.41  0.41
Pteridium aquilinum 0.19 0.17 0.05  0.55
Pyrola minor 0.05
Quercus spp.     0.03
Ranunculus acris 0.95 0.97 1.00 0.39 0.93
Ranunculus auricomus 0.05 0.13 0.23 0.04
Ranunculus fi caria   0.05
Ranunculus repens 0.33 0.33 0.45 0.93 0.66
Rhinanthus minor 0.86 0.67 0.68 0.04 0.10
Rhodiola rosea     0.03
Ribes rubrum   0.05  0.07
Ribes uva-ursi     0.07
Rorippa palustris    0.11
Rorippa sylvestris  0.03
Rosa canina 0.05 0.03
Rosa dumalis 0.05 0.03 0.09
Rosa majalis 0.05
Rubus idaeus 0.48 0.57 0.68 0.04 1.00
Rubus saxatilis 0.57 0.13 0.32 0.04 0.69
Rumex acetosa 1.00 0.93 0.91 0.79 0.93
Rumex acetosella 0.67 0.53 0.50 0.07 0.45
Rumex crispus  0.03 0.14 0.07
Rumex longifolius 0.10 0.13 0.18 0.86
Sagina nodosa     0.10
Sagina procumbens 0.14    0.03
Sagina saginoides 0.05
Salix caprea 0.24 0.13 0.18  0.34
Salix lapponum 0.05
Salix myrtilloides     0.03
Salix phyllicifolia 0.05
Sambucus spp.     0.03
Saussurea alpina 0.10    0.10
Saxifraga adscendens 0.05
Saxifraga aizoides 0.10    0.07
Saxifraga nivalis     0.07
Scleranthus annuus 0.10 0.10 0.05  0.03
Scleranthus perennis 0.05 0.03   0.03
Scrophularia nodosa     0.03
Sedum acre 0.38 0.23 0.14  0.24
Sedum album 0.14 0.07 0.05  0.14
Sedum annuum 0.52 0.33 0.27  0.10
Sedum villosum 0.10
Senecio jacobea     0.03
Senecio sylvaticus    0.04
Silene acaulis 0.05
Silene dioica 0.33 0.43 0.27 0.21 0.62
Silene latifolia  0.07  0.04
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Appendix. Continued.

 Traditional Lightly Artifi cially Intensively Reforested
 meadows fertilized fertilized cultivated meadows
 N = 21 meadows meadows grasslands N = 29
  N = 30 N = 22 N = 28

Silene rupestris 0.62 0.43 0.23  0.38
Silene vulgaris 0.67 0.67 0.59 0.04 0.59
Solidago virgaurea 0.29 0.17 0.18  0.66
Sorbus aucuparia 0.43 0.40 0.32  0.93
Sorbus hybrida     0.03
Spergula arvensis  0.03  0.14
Stachys palustris  0.03
Stachys sylvatica 0.05    0.48
Stellaria alsine  0.03
Stellaria graminea 0.57 0.50 0.59 0.21 0.48
Stellaria media 0.10 0.07 0.27 0.64 0.07
Stellaria nemorum 0.14 0.03   0.41
Succisa pratensis 0.05 0.03 0.05  0.31
Tanacetum vulgare 0.05
Taraxacum sect. Ruderalia 0.62 0.63 0.91 0.89 0.45
Thlaspi caerulescens 0.24 0.23 0.41 0.14 0.07
Tilia cordata     0.03
Trientalis europea 0.10 0.20 0.05  0.52
Trifolium dubium  0.07
Trifolium hybridum    0.14
Trifolium medium 0.24 0.40 0.18 0.04 0.28
Trifolium pratense 1.00 0.90 1.00 0.89
Trifolium repens 0.90 0.83 0.95 0.86 0.24
Triglochin palustris 0.05
Tussilago farfara     0.14
Ulmus glabra     0.21
Urtica dioica 0.52 0.47 0.64 0.71 0.72
Vaccinium vitis-idaea 0.19 0.03 0.05  0.28
Vaccinium myrtillus 0.52 0.33 0.32  0.66
Vaccinium uliginosum 0.19
Valeriana sambucifolia 0.19 0.23 0.36  0.76
Verbascum nigrum 0.05 0.03 0.09  0.03
Verbascum thapsus  0.03
Veronica arvensis 0.29 0.20 0.23
Veronica chamaedrys 0.76 0.70 0.77  0.59
Veronica fruticans 0.05
Veronica offi cinalis 0.81 0.70 0.64  0.83
Veronica persicaria   0.09
Veronica serpyllifolia 0.29 0.40 0.45 0.14 0.10
Veronica verticillata  0.03
Viburnum opulus     0.17
Vicia cracca 0.76 0.70 0.64 0.32 0.38
Vicia sepium 0.29 0.47 0.36 0.14 0.45
Vicia sylvatica 0.05    0.10
Viola bifl ora     0.03
Viola canina 0.71 0.60 0.45  0.48
Viola mirabilis     0.21
Viola palustris 0.43 0.27 0.32  0.62
Viola riviniana 0.14 0.07 0.23  0.83
Viola tricolor 0.71 0.73 0.59 0.29 0.21
Woodsia ilvensis 0.29 0.07 0.05  0.31


