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Abstract 

Mountain vegetation is considered highly sensitive to changes in land use, especially grazing regime 
and forest management. The aim of this study was to assess shifts in plant species composition in the 
Western Tatra Mts over the past 92 years and to determine environmental drivers that have caused 
changes in species composition. We resurveyed 47 vegetation plots assigned to three different types of 
vegetation, which were originally sampled in 1922. For each plot we recorded all vascular plant spe-
cies, using the same methodology as in the original survey. For interpretation of the vegetation changes 
we used a set of ecological indicator values. The species composition of resampled grasslands was 
characterized by a higher proportion of nitrogen-demanding species on areas abandoned from livestock 
grazing. This reflects the higher susceptibility of grasslands located below natural treeline to changes in 
land use in comparison to those occurring on areas above the treeline, which may constitute a large 
threat to biological diversity of the Tatra Mts grasslands at the lower limit of their elevational range. 
Catastrophic windthrow constituted an important factor driving compositional dynamics in mountain 
spruce forests, creating a high diversity of microhabitats with suitable conditions for natural regenera-
tion and development of the forest. 

Keywords: alpine grassland, catastrophic wind events, ecological indicator values, grazing abandon-
ment, natural treeline recovery, vegetation dynamics, vegetation resurvey 

Erweiterte deutsche Zusammenfassung am Ende des Artikels 

1. Introduction 

Mountain areas have been exploited by humans for centuries, mainly for settlement, in-
dustry and shepherding (KOZAK 2003). As a result of human impacts, the elevational zona-
tion of vegetation belts is often disturbed (e.g., AMEZTEGUI et al. 2016). For instance, most 
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mixed deciduous forests, typical of the lower forest belt in the Western Carpathians, were 
logged and replaced by planted spruce forests, or grazed by livestock (SOKOŁOWSKI 1936, 
MAYCOCK et al. 2000, BRUNET et al. 2010). Spruce forests of a higher forest belt were also 
transformed (e.g., SOKOŁOWSKI 1936, JONÁŠOVÁ et al. 2010), and disentangling natural 
forest stands from those with anthropogenic influences is often difficult or impossible  
(SVOBODA et al. 2010).  

Both in managed and unmanaged forests, the main factor influencing vegetation dynam-
ics is catastrophic windthrow, which is well documented on a wide geographical scale, in 
lowland temperate and boreal coniferous forest stands (e.g., ULANOVA 2000) as well as 
mountain forests (e.g., BUDZÁKOVÁ et al. 2013, WINTER et al. 2015). Catastrophic wind 
events may locally cause total damage of the tree canopy, leading to the colonization of 
forest by plants typical of non-forest vegetation (e.g., ULANOVA 2000, FISCHER et al. 2002). 

Areas above treeline in the Tatra Mts are covered by dwarf pine communities and alpine 
grasslands (RADWAŃSKA-PARYSKA & PARYSKI 1995). As most of the more accessible areas 
were grazed for a long time, the upper treeline in mountain ranges of Central Europe has 
often been lowered by shepherding (PALOMBO et al. 2013). However, the economic im-
portance of grasslands has decreased in most mountain regions, due to socio-economic 
changes following the Second World War (e.g., VEEN et al. 2009). The main reasons causing 
the abandonment of such areas were relatively low primary production and the short growing 
season in comparison to lower elevations (e.g., FISCHER & WIPF 2002).  

The Chochołowska Valley in the Western Tatra Mts was used for shepherding, ore min-
ing and metallurgy since the 15th century (FABIJANOWSKI 1962). The latter ceased in the 19th 
century and shepherding between the 1950s and 1970s, following establishment of the na-
tional park in 1955, which allowed the natural restoration of ecosystems. A few decades 
earlier, in 1922, the first historical vegetation survey of the Chochołowska Valley took place 
(SZAFER et al. 1923). It was one of the first phytosociological studies conducted in the Car-
pathians. This coincidence of the historical vegetation survey with the end of the period of 
intensive use of the area makes this valley an ideal place for exploring long-term shifts in 
plant species composition of ecosystems as a result of regeneration after release from long-
term human impacts. 

In this study we aimed to: (1) explore shifts in species composition of calcareous grass-
lands, granite grasslands and spruce forests over the past 92 years, and (2) identify environ-
mental factors driving changes in the vegetation.  

The cessation of sheep grazing resulted in colonization of the grasslands by tall herbs, 
shrubs and trees (e.g., AMEZAGA et al. 2004, BAUR et al. 2006, ONIPCHENKO et al. 2009). 
Therefore, we hypothesized that as a consequence of reforestation, the species composition 
of resampled non-forest plots would be characterized by higher proportions of more shade-
tolerant species typical of the forest understory (EVJU et al. 2009, WESOŁOWSKA 2009, 
VASSILEV et al. 2011). Another effect of tree regeneration may be a higher proportion of 
warmth-demanding species, which may thrive under the canopy due to milder climate condi-
tions in comparison to neighbouring open areas. Despite the relatively high insolation, open 
areas are strongly exposed to lower temperatures and stronger winds, which are the main 
factors determining the distribution of alpine plant species (HILLER et al. 2005, BATLLORI et 
al. 2010, AMEZTEGUI et al. 2016). Cessation of grazing also leads to a build-up of nutrient-
rich soil humus, which in turn increases water storage capacity in the soil. In effect, more 
moisture- and nitrogen-demanding species may occur in grasslands where the grazing ceased 
(e.g., AUSTRHEIM & ERIKSSON 2001). Thus, we expected that on abandoned grasslands the 
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proportion of species tolerating more shade, preferring warmer climate, wetter soil condi-
tions and higher nutrient contents in the soil, would be higher in comparison to their vegeta-
tion during the first sampling period (hypothesis 1). 

Catastrophic windthrows can cause total damage of the tree canopy, leading to the colo-
nization of disturbed forest stands by non-forest, open habitat species (e.g., ULANOVA 2000, 
FISCHER et al. 2002, ROBERTS 2004). Therefore we assumed that alongside successional 
processes in wind-disturbed forests, the cover of trees would increase (hypothesis 2). Wind-
throws also lead to increases in light availability, lower water and higher nutrient availability 
in the soil (e.g., ULANOVA 2000, ROBERTS 2004, BADE et al. 2015). Thus, we predict that in 
resampled forest plots the proportion of light-, nitrogen- and less water-demanding species 
(EIV-N) would be higher in comparison to the historical vegetation sites (hypothesis 3). 

2. Material and methods 

2.1 Study area 

The Chochołowska Valley is the largest and longest valley in the Tatra Mts, covering an area of 
over 35 km2 within a 10 km length and numerous side valleys. In comparison to other mountain valleys 
in the Tatra Mts (e.g., Mięguszowiecka Valley in the High Tatra Mts), the Chochołowska Valley is 
characterized by relatively few inaccessible steep slopes and rock walls. Since 1955 the whole valley 
has been in the zone of active conservation (except the strictly protected Kominiarski Wierch Massif) of 
Tatra National Park. The southern part of the Chochołowska Valley is composed of granitic and gneiss 
rocks and the northern part of sedimentary rocks - shale, limestone and dolomite, formed in the Triassic 
and Cretaceous periods (RADWAŃSKA-PARYSKA & PARYSKI 1995). 

Shepherding and metallurgy started in the Tatra Mts in the 15th century, and in later centuries, cov-
ered all accessible areas and the whole elevational range. At the beginning of the 20th century, the 
intensity of grazing by sheep and cattle was relatively stable, and it peaked during the period between 
the First and Second World Wars, reaching approximately 30,000 animals (RADWAŃSKA-PARYSKA & 
PARYSKI 1995). Although grazing was most popular on open non-forest areas, it also affected forest 
and dwarf pine ecosystems (KOLOWCA 1955). Between 1926 and 1953 the Chochołowska Valley was 
grazed by an average of 1200 sheep and 150 cattle in total (KOPCZYŃSKA-JAWORSKA 1985). After 
establishment of Tatra National Park (1955), the land ownership structure changed, and grazing by 
domestic animals progressively disappeared from the 1950s to the 1970s. Nowadays in this area, as 
well as in other parts of the National Park, only moderate grazing on some non-forest sites is still car-
ried out (RADWAŃSKA-PARYSKA & PARYSKI 1995).  

Forest ecosystems of the Chochołowska valley were exploited in the 18th century, mainly for the 
purposes of ore mining and metallurgy (FABIJANOWSKI 1962). European beech (Fagus sylvatica) and 
silver fir (Abies alba) forests were logged, and replaced by spruce (Picea abies). Due to the establish-
ment of Tatra National Park, the intensity of forest management decreased, and recently it has been 
restricted to designated low-elevation areas managed by the Community of Eight Villages in Witów 
(RADWAŃSKA-PARYSKA & PARYSKI 1995). 

2.2 Study design 

We carried out our resurvey in 2014, at elevations between 936 and 2170 m a.s.l. (Fig. 1), by 
resampling 47 historical vegetation plots. The plots were assigned to three types of vegetation, which 
are the most common in the Chochołowska Valley, and were characterized by a relatively high number 
of replications (Supplement E1): a) Norway spruce and silver fir forests (14 plots); b) granite grasslands 
with a dominance of Agrostis rupestris, Calamagrostis villosa, Juncus trifidus and Oreochloa disticha 
(19 plots) and c) species-rich calcareous grasslands, characterized by a high cover of Festuca spp., 
Carex firma and Dryas octopetala (14 plots; Fig. 2). 
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Fig. 1. Location of the study area. Elevation contour interval is 100 m. 
Abb. 1. Lage des Untersuchungsgebietes. Die Intervalle der Höhenlinien betragen jeweils 100 m. 

To relocate plots, we used map and plot descriptions (e.g., elevation above sea level, slope, and the 
presence of specific topographical features, such as rock shelves or steep faces) provided by SZAFER et 
al. (1923). This approach is commonly used in botanical resampling studies (e.g., VITTOZ et al. 2008, 
NAAF & WULF 2010, CZORTEK et al. 2018). To minimize the potential effects of plot relocation uncer-
tainty in exploring vegetation shifts (STÖCKLI et al. 2011), we resurveyed only plots with the most 
precise descriptions. 

At the time of initial sampling, an uniform and common phytosociological methodology did not ex-
ist in European botanical studies. SZAFER et al. (1923) did not provide any information about plot sizes 
used for the vegetation survey in the Chochołowska Valley. Therefore, to estimate the historical plot 
sizes (Supplement E1) we used the publication of PAWŁOWSKI et al. (1928), who carried out a vegeta-
tion survey of the nearby Morskie Oko Lake Region in 1927.  

As B. Pawłowski is a co-author of both studies, we assumed that the methods used in the same pe-
riod of time in the same geographical region and type of vegetation by researchers from the same scien-
tific community were similar. The plot sizes used by PAWŁOWSKI et al. (1928) greatly varied between 
and within the described plant communities, e.g., from 30 m2 to 3000 m2 for granite grasslands and 
from 5 m2 to 400 m2 for snowbeds. Thus, they partly depended on the patch size of the plant communi-
ty. In grasslands the plot sizes were probably equal to the whole area covered by the community that 
was studied, and limited by bedrock, soil moisture and the presence of specific topographical features, 
e.g., screes, rock shelves and steep rock faces. In order to minimize relocation bias, in the resurvey of 
forest plots we used all historical plot descriptions provided by SZAFER et al. (1923): name of specific 
valley, saddle and summit, elevation, aspect, slope, the presence of rock formations with characteristic 
shapes and specific landmarks, assuming that in the relocation of forest plots, detailed historical plot 
descriptions were more important than plot sizes. We further stated that due to homogeneous habitat 
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Fig. 2. Vegetation types resurveyed in the Chochołowska Valley: a) low-elevation calcareous grassland 
with spruce planted in the surrounding, b) high-elevation calcareous grassland above natural treeline, c) 
granite grassland in dwarf-pine vegetation belt, d) granite grassland above natural treeline, e) initial 
successional stage of spruce forest after catastrophic windthrow, f) more advanced successional stage of 
spruce forest (Photos: H. Ratyńska, July 2014). 
Abb. 2. Wieder aufgenommene Vegetationstypen im Chochołowska-Tal: a) Kalkmagerrasen der niede-
ren Lagen mit in der Umgebung gepflanzter Fichte, b) Kalkmagerrasen der Hochlagen über der natürli-
chen Waldgrenze, c) bodensaurer Magerrasen im Krummholzgürtel, d) Bodensaurer Magerrasen über 
der natürlichen Waldgrenze, e) Initiales Sukzessionsstadium eines Fichtenwaldes nach katastrophalem 
Windwurf, f) fortgeschrittenes Sukzessionsstadium eines Fichtenwaldes (Fotos: H. Ratyńska, Juli 
2014). 

a) 

e) f) 

c) d) 

b)
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conditions, the compositional heterogeneity of mountain spruce forests was relatively low in the same 
topographical feature (WOJTERSKA et al. 2004), characterized in details in historical plot descriptions. 
Moreover, catastrophic winds in the Tatra Mts cause drastic changes in the species composition of 
spruce forests at large spatial extents, i.e., covering the whole valleys, passes, slopes or summits  
(LIMANÓWKA et al. 2008). This allowed us to assume that relocation problems are a random factor, and 
therefore it should not undermine the results of our study, especially if focussed on changes in the 
proportion of species representing different ecological requirements, rather than shifts in species rich-
ness and Shannon’s diversity, which are strongly dependent on plot size (DENGLER et al. 2009, 
CHYTRỲ et al. 2014, KOPECKỲ & MACEK 2015). For each vegetation plot, as was done by SZAFER et 
al. (1923), we recorded all vascular plants using the Braun-Blanquet seven-class abundance scale, and 
compared our lists with those recorded historically (Supplement E1). SZAFER et al. (1923) provided 
information about the abundance of trees in the tree layer only for forest plots dominated by spruce, 
whereas data about the cover of each tree species in the tree layer in sites with a prevalence of silver fir 
(A. alba) is missing. Therefore, in the resurvey of forest plots, we estimated a mean cover of trees, and 
also recorded the percentage cover of the tree layer. The same approach was used to estimate the histor-
ical mean percentage cover of trees in the spruce forest vegetation, according to the historical plot 
descriptions. Thus, as a proxy of succession in spruce forests, we adopted the mean percentage cover of 
trees. Following the definition of the forest (SZYMAŃSKI 2000), which assigns forest plant community 
status to vegetation patches with a tree canopy cover higher than 40%, we classified plots with a mean 
percentage cover of trees greater than 40% as representing advanced stages of succession. To avoid 
taxonomical differences between the historical and recent approaches to species identification, all 
species of Alchemilla spp. were excluded from the analyses. The nomenclature of species followed 
EURO+MED (2006-). 

2.3 Vegetation characteristics and data analysis 

We characterized the plant species’ ecological requirements for light (EIV-L), temperature (EIV-T), 
moisture (EIV-F) and nitrogen (EIV-N) using ecological indicator values of ELLENBERG et al. (1991) 
as modified by ZARZYCKI et al. (2002), which includes Carpathian endemics and sub-endemics. As the 
indicator values for soil reaction (EIV-R) do not correspond in a clear manner with field pH measure-
ments (e.g., SCHAFFERS & SÝKORA 2000, DZWONKO 2001) and, on the other hand, mean EIV-R are 
often positively correlated with EIV-N (e.g., DZWONKO 2001, CZORTEK et al. 2018), in our study we 
did not include EIV-R analyses. 

In order to explore the shifts in species composition of the vegetation of the Chochołowska Valley, 
we focused our analyses on subsets of plots belonging to the three vegetation types (calcareous grass-
lands, granite grasslands and spruce forests), except for the analysis of biotic homogenization, which 
was done for the dataset with all types of vegetation combined. To explore changes in species composi-
tion of vegetation types resurveyed, for each historical and resampled plot we calculated mean values of 
ecological indicator values, weighted by cover of plant species.  

To examine biotic homogenization of the vegetation types, understood as increasing compositional 
similarity between plots, for historical and resampled datasets compiling all plant communities studied, 
we calculated mean the Bray-Curtis compositional dissimilarity index. Statistical significance of the 
differences in Bray-Curtis index was evaluated by a t-test. The same Bray-Curtis index was also used to 
explore dissimilarities in plant species composition of the three types of vegetation with the highest plot 
number, and was calculated for each pair of plots (historical and resampled). To determine the effect of 
elevation above sea level on compositional dissimilarities of the resurveyed plant communities, we used 
linear regression. For inspection of outliers we checked Cook’s distances and leverage values using hat 
statistics implemented in the base::influence() function in R (R CORE TEAM 2017). To identify outliers 
we used Bonferroni p-values for Studentized residuals t-tests using the car::outlierTest() function in R 
(R CORE TEAM 2017). After visual interpretation of diagnostic plots both for calcareous and granite 
grasslands we adopted 0.15 as threshold leverage values, as most of the observations had relatively low 
leverage values, ranging from 0.07 in calcareous and from 0.05 to 0.15 in granite grasslands. After that, 
we excluded two outliers: plot no. 71 (elevation 1039 m a.s.l.) from calcareous and plot no. 57 (eleva-
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tion 2123 m a.s.l.) from granite grasslands due to high leverage values (0.20 and 0.24, respectively) and 
due to the car::outlierTest() p < 0.05 in both cases. 

To characterize the species composition of the three vegetation types, for each separate type of 
vegetation and for each sampling period, we performed six Detrended Correspondence Analyses (DCA) 
with passively fitted environmental vectors: ecological indicator values for light (EIV-L), temperature 
(EIV-T), moisture (EIV-F) and nitrogen (EIV-N).  

To assess shifts in species composition between the two sampling periods, for each vegetation type 
we performed DCA using the vegan::decorana() function. To determine the relationships between the 
distribution of points representing plots in the DCA ordination space and EIV, we used the ve-
gan::envfit() function, which fits the above-mentioned variables as passive vectors into an ordination 
space. 

To check whether there were changes in the mean values of ecological indicators between the two 
periods studied we used a paired Wilcoxon test. To find whether there was a significant change in 
species frequencies (understood as the number of occurrences of each species in each sampling period) 
between the two sampling periods we used the X2 test (Chi-squared test) with a maximum level of 
significance set at p = 0.05. The distribution of alpine plant species is determined by high diversity 
microtopography and microclimates, contributing to the presence of a large number of specific micro-
habitats in a relatively small area (RADWAŃSKA-PARYSKA & PARYSKI 1995). Thus, alpine plants are 
often highly specialized, and due to high habitat heterogeneity, usually occur in low abundances (e.g., 
ERSCHBAMER et al. 2011). Therefore, in this procedure we analyzed species that appeared at least four 
times, either in historical or resampled datasets, reducing the tested number of species from 229 to 79 in 
calcareous grasslands, from 96 to 30 in granite grasslands, and from 175 to 62 in spruce forests. We did 
not adjust the p-values for multiple comparison corrections (e.g. Bonferroni), because according to 
MORAN (2003), in ecological studies of multiple species, these adjustments may lead to omitting possi-
bly important results. We performed all analyses using R software (R CORE TEAM 2017). 

3. Results 

Mean Bray-Curtis compositional dissimilarity calculated for the three vegetation types 
together did not differ significantly between the two periods of sampling (p > 0.05). Both on 
calcareous and granite grasslands, the Bray-Curtis dissimilarity index on the plot level de-
creased significantly with increasing elevation above sea level (R2= 0.49, p < 0.01 and  
R2 = 0.25, p < 0.05, respectively; Fig. 3a–b). No relationship between Bray-Curtis index and 
elevation was found in spruce forests (Fig. 3c).  

We revealed that different factors characterized the species composition in different sub-
sets (Supplement E2). In calcareous grasslands EIV-L had no significant correlation with the 
DCA axes in the dataset with the original plots, while the factor became important in the 
dataset with resampled plots. In granite grasslands EIV-F became non-significant in the new 
plots. In forest plots, EIV-L and EIV-T became non-significant in the resampled dataset in 
comparison with historical data. 

The species composition of low-elevation (< 1300 m a.s.l.) resurveyed calcareous grass-
lands (Fig. 4a, Table 1, right side of the DCA plot) was characterized by relatively low val-
ues of EIV-L, and high values of EIV-N and EIV-T, whereas the most important factor 
associated with the historical plots were high values of EIV-L. EIV-N and EIV-T were posi-
tively correlated with each other, and negatively associated with EIV-L. 

We observed that the species composition of the resurveyed granite grasslands at lower 
elevations was characterized by high values of EIV-F, EIV-T and EIV-N (Fig. 4b, Table 1, 
top-middle of the DCA plot). On the other hand, regardless of the time of sampling, the 
species composition of plots representing high-elevation granite grasslands (left side of the 
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Fig. 3. Relationships between the Bray-Curtis index (compositional dissimilarity between historical and 
resampled plots) and elevation above sea level for: a) calcareous grasslands, b) granite grasslands and 
c) spruce forests. Red points represent two outliers (not included in regression analyses). Significance 
of results: **p < 0.01, *p < 0.05, n.s. – not significant. 
Abb. 3. Beziehung zwischen dem Bray-Curtis-Index (der Unähnlichkeit der Vegetation zwischen alten 
und neuen Aufnahmen) und Höhe der Aufnahmeflächen in a) Kalkmagerrasen, b) bodensauren Mager-
rasen, und c) Fichtenwäldern. Die roten Punkte bezeichnen zwei Ausreißer, die nicht in den Regressi-
onsanalysen berücksichtigt wurden. **p < 0,01; *p < 0,05; n.s. – nicht signifikant.  
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Fig. 4. DCA analyses for the three vegetation types: a) calcareous grasslands (axis 1 eigenvalue: 0.62, 
axis 2 eigenvalue: 0.37), b) granite grasslands (axis 1 eigenvalue: 0.63, axis 2 eigenvalue: 0.20) and  
c) spruce forests (axis 1 eigenvalue: 0.40, axis 2 eigenvalue: 0.28). Grey isolines in c) represent the 
percentage mean cover of trees in vegetation plots. Points represent plots, numbers – elevation above 
sea level, arrows - environmental variables significantly (p < 0.05) correlated with the ordination axes: 
EIV-L – light EIV, EIV-T – temperature EIV, EIV-F – soil moisture EIV, EIV-N – soil nitrogen EIV. 
Abb. 4. DCA-Ordinationen für die drei Vegetationstypen: a) Kalkmagerrasen (Achse 1 - Eigenwert: 
0,62; Achse 2 - Eigenwert: 0,37), b) bodensaure Magerrasen (Achse 1 - Eigenwert: 0,63; Achse 2 - 
Eigenwert: 0,20) und c) Fichtenwälder (Achse 1 - Eigenwert: 0,40; Achse 2 - Eigenwert: 0,28). Die 
grauen Isolinien in c) bezeichnen die mittleren Prozentwerte der Deckung der Baumschicht in den 
Aufnahmeflächen, die durch Punkte repräsentiert sind. Die Zahlen geben die Höhe über NN, die Pfeile 
die Stärke und Richtung des Einflusses signifikanter (p < 0,05) Umweltvariablen an: EIV-L (Licht), 
EIV-T (Temperatur), EIV-F (Bodenfeuchte), EIV-N (Bodenstickstoff). 
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Table 1. Parameters of variables fitted to the DCA analysis results focusing on particular vegetation 
types. R2 and p values were calculated using a permutation test with 999 iterations. EIV – mean Ellen-
berg indicator value. Significance of results: *p < 0.05, **p < 0.01, ***p < 0.001, n.s. – not significant. 
Tabelle 1. Beziehung zwischen den DCA-Ordinationsachsen und Umweltvariablen, getrennt berechnet 
für die drei untersuchten Vegetationstypen. R2- and p-Werte beruhen jeweils auf einem Permutations-
test mit 999 Iterationen. EIV – mittlere Ellenberg-Zeigerwerte. * p < 0,05; ** p < 0,01; *** p < 0,001; 
n.s. – nicht signifikant. 

Parameter Abbreviation DCA1 DCA2 R2 

Calcareous grasslands 
Light EIV EIV-L -0.99926 -0.03855 0.8640*** 
Temperature EIV EIV-T 0.79735 -0.60351 0.7408*** 
Moisture EIV EIV-F 0.80565 0.59239 0.1327 n.s. 
Nitrogen EIV EIV-N 0.91905 -0.39414 0.9146*** 

Granite grasslands 
Light EIV EIV-L -0.97243 -0.23317 0.6873*** 
Temperature EIV EIV-T 0.80662 0.59107 0.7576*** 
Moisture EIV EIV-F 0.55163 0.83409 0.5641*** 
Nitrogen EIV EIV-N 0.86008 0.51016 0.8690*** 

Spruce forests 
Light EIV EIV-L 0.28419 0.95877 0.3533* 
Temperature EIV EIV-T 0.94672 0.32205 0.1349 n.s. 
Moisture EIV EIV-F -0.48556 0.8742 0.3564** 
Nitrogen EIV EIV-N 0.88887 0.45817 0.5926** 

DCA plot) was characterized by high values of EIV-L. In addition, EIV-T, EIV-F and EIV-N 
were associated negatively with EIV-L, and in parallel were positively correlated with each 
other. 

The main shift in species composition of spruce forests was observed along DCA axis 2 
(Fig. 4c, Table 1). The species composition of six resurveyed forest plots was characterized 
by a low mean percentage cover of trees (< 40%; upper-left side of the DCA plot). In con-
trast, eight plots showed a mean percentage cover of trees higher than 40%. The species 
composition of resurveyed plots was also characterized by high values of vectors describing 
plant ecological requirements: EIV-F, EIV-L and EIV-N, which were positively correlated 
with each other. 

In recent calcareous grasslands, the share of more shade-tolerant (lower EIV-L), as well 
as more warmth-, moisture- and nitrogen-demanding species increased (higher EIV-T, EIV-F 
and EIV-N) significantly in comparison to the first sampling period. In resurveyed granite 
grasslands we observed significant increases in the proportions of more warmth- and nitro-
gen-demanding species in comparison to the historical plots. We found that recent forest 
plots were characterized by a significantly higher proportion of more light-, moisture- and 
nitrogen-demanding species in comparison to the initial sampling period (Fig. 5).  

Of 79 plant species tested in calcareous grasslands, 16 had significantly increased in fre-
quency in comparison to the first sampling period. Plant species that revealed the highest 
changes in frequency in calcareous grasslands were: P. abies, Salix silesiaca and Pinus mugo 
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Fig. 5. Comparison of changes in mean values of ecological indicator values (EIV) between the two 
time periods of sampling for each vegetation type. Comparisons were based on paired Wilcoxon’s test: 
***p < 0.001, **p < 0.01, *p < 0.05, n.s. – not significant. Box plots show range of observations: 
boundaries of box show interquartile range, line within a box – the median, black points – outliers 
(values below and over 1.5*interquartile range). 
Abb. 5. Vergleich der mittleren Zeigerwerte (EIV) zwischen alten und neuen Aufnahmeflächen  
getrennt für die drei untersuchten Vegetationstypen (gepaarter Wilcoxon Text (***p < 0,001;  
**p < 0,01; *p < 0,05; n.s. – nicht signifikant). 

(Table 2). Of 30 plant species examined in granite grasslands, four had increased (Calluna 
vulgaris, Huperzia selago, P. mugo and Veratrum lobelianum) and two had decreased 
(Festuca picturata and Luzula luzulina) in frequency in comparison to the initial sampling 
(Table 2). We found that of 62 plant species analysed in spruce forests, 15 species had re-
cently increased and four had significantly decreased in frequency. The highest increase in 
recent forest plots was shown by Dryopteris carthusiana, Rubus idaeus, Calamagrostis 
villosa and S. silesiaca, whereas significant decreases were found for Moneses uniflora, 
Cardamine hirsuta, Goodyera repens and Neottia cordata (Table 2). 

4. Discussion 

4.1 Plot relocation uncertainties 

As information about the exact locations and sizes of plots is missing, the resurveyed 
vegetation represents the so-called semi-permanent plots with a relatively high risk of relo-
cation error (e.g., DENGLER et al. 2009, CHYTRỲ et al. 2014, KOPECKỲ & MACEK 2015). This 
in particular could account for the high compositional dissimilarities observed in spruce 
forest vegetation, where the bias connected with plot relocation was the largest (see Materi-
als and Methods). Therefore, the observed changes in species composition should be viewed 
with caution. Despite these limitations, resurvey studies are recently amongst the most popu-
lar in botanical investigations, constituting a proper method for studying plant species com-
positional change both over short (< 50 years; e.g., PAULI et al. 2012) and long time periods 
(> 50 years; e.g., MATTEODO et al. 2013).  
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Table 2. Changes in species frequency in the three vegetation types. X2 statistics calculated from the 
test are shown. Only species that showed significant differences in frequency are shown. Significance 
of results: *p < 0.05, **p < 0.01, ***p < 0.001. 
Tabelle 2. Signifikante Veränderungen der Arthäufigkeiten in den drei untersuchten Vegetationstypen. 
* p < 0,05; ** p < 0,01; *** p < 0,001. 

Species 
 

Calcareous grasslands 
 

Granite grasslands 
 

Spruce forests 

Χ2 Change 
 

Χ2 Change 
 

Χ2 Change 

Rubus idaeus 4.00* 4 
 

 
  

8.33** 10 
Antennaria dioica 4.00* 4       
Cardaminopsis halleri 4.00* 4       
Clematis alpina 4.00* 4       
Epilobium montanum 4.00* 4       
Oxalis acetosella 4.00* 4       
Sorbus aucuparia subsp. glabrata 4.00* 4       
Viola biflora 4.00* 4       
Fragaria vesca 5.00* 5       
Hieracium murorum 5.00* 5       
Cardaminopsis arenosa subsp. borbasii 6.00* 6       
Juniperus communis subsp. alpina 6.00* 6       

Pinus mugo 7.00** 7  5.00* 5    
Salix silesiaca 8.00** 8     8.00** 8 
Picea abies 13.00*** 13       
Festuca picturata    5.00* -5    
Luzula luzulina    4.00* -4    
Calluna vulgaris    4.00* 4    
Veratrum lobelianum    4.00* 4    
Huperzia selago    4.50* 6    
Moneses uniflora       5.33* -8 
Cardamine hirsuta       5.00* -5 
Goodyera repens       5.00* -5 
Neottia cordata       5.00* -5 
Carex sylvatica       4.00* 4 
Epilobium angustifolium       4.00* 4 
Hypericum maculatum       4.00* 4 
Listera ovata       4.00* 4 
Taraxacum officinale       4.00* 4 
Calamagrostis varia       5.00* 5 
Petasites albus       5.00* 5 
Senecio ovatus       5.00* 5 
Senecio nemorensis                                                           5.00* 5 
Calamagrostis arundinacea       6.00* 6 
Solidago virgaurea subsp. minuta       6.00* 6 

Calamagrostis villosa       7.00** 7 
Dryopteris carthusiana           10.00*** 10 
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4.2 General patterns of changes in species composition 

Despite the fact that we did not find evidence that the species composition of resampled 
vegetation plots became more homogeneous, the vegetation of the Chochołowska Valley has 
changed significantly over the past 92 years. The magnitude of the compositional dissimi-
larities decreased with elevation above sea level, which is similar to results obtained by 
KUCHARZYK & AUGUSTYN (2010) and MAURSET (2015). This pattern was observed in cal-
careous and granite grassland communities, with bigger changes at lower elevations that are 
in the range of the spruce forest or dwarf pine vegetation belt. In contrast, at higher eleva-
tions such changes were less pronounced due to very slow recovery of the natural treeline, 
which in the period of intensive shepherding was lowered by more than 300 m and over the 
last 60 years shifted upward only about 20 m (KACZKA et al. 2015). 

The rate of transformation in species composition depends on bedrock, indicating higher 
compositional dissimilarities on calcareous grasslands in comparison to granite ones (e.g., 
CASAS & NINOT 2003, BAŞNOU et al. 2009). Calcareous grasslands, which are hotspots of 
plant species diversity, are in general more sensitive to any change in environment due to 
high number of specialized species with relatively low tolerance to changes in soil humidity 
and nutrient contents (BAŞNOU et al. 2009). This is in line with our findings: the relationship 
between Bray-Curtis dissimilarity index and elevation above sea level was stronger on cal-
careous grasslands than those growing on granite. Therefore, the most specialized plant 
species may go extinct within large mountain ranges in Europe, which in historical times 
were grazed by livestock for a long time (DUPRÉ & DIEKMANN 2001, AMEZAGA et al. 2004, 
BAUR et al. 2006, SITZIA et al. 2010, HABEL et al. 2013, SHEIL 2016, CAMPAGNARO et al. 
2017). 

4.3 Impact of historical livestock grazing 

In calcareous grasslands we found a higher number of species tolerating lower light con-
ditions (lower EIV-L) in comparison to historical records, showing the highest decreases 
associated with the lowest elevation plots. Most of the shade-tolerant species were plants 
typical of forest understories (e.g., Huperzia selago, Oxalis acetosella and Viola biflora), 
which colonized calcareous grasslands excluded from grazing. In addition, calcareous and 
granite grasslands today are dominated by a higher number of species with high water (ex-
cept granite grasslands), temperature and nitrogen demands (higher EIV-F, EIV-N and EIV-T), 
indicating the most dramatic shifts at the lowest elevations, and thus confirming hypothesis 1. 
These changes were probably caused by the colonization of such areas by more moisture-, 
warmth- and nitrogen-demanding tall herbs (e.g., R. idaeus, Epilobium montanum and 
V. lobelianum), shrubs (e.g., Juniperus communis subsp. nana, P. mugo and S. silesiaca) and 
trees (P. abies and Sorbus aucuparia subsp. glabrata), which showed significant increases in 
frequencies between the two sampling periods, and could have led to the establishment of 
a tall herb, shrub and tree canopy (KUCHARZYK & AUGUSTYN 2010, AMEZTEGUI et al. 2016). 
As an effect of land abandonment, specific microhabitat conditions were created under the 
canopy (BREUER et al. 2003). This could have led to the reduced exposure of species to low 
temperatures, strong winds, high evaporation and insolation, as well as a build-up of in-
creased soil humus (HILLER et al. 2005, WESOŁOWSKA 2009, JIANG et al. 2015). The ob-
served tendencies are evidence of natural treeline recovery, which historically had been 
lowered about 300 m on average in the Tatra Mts by livestock grazing, and has still not 
reached its potential limit set by climate (KACZKA et al. 2015). 
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4.4 Combined effect of cessation of grazing and afforestation 

The largest changes in species composition between surveys were revealed for low-
elevation calcareous grasslands. These plant communities historically were specific envi-
ronmental islands in the belt of European beech and spruce forest, occupying steep limestone 
shelves and faces (BALCERKIEWICZ & BRZEG 1978). At the time of the first sampling, all 
such areas were covered by species-rich, non-forest plant communities. The possible spruce 
planting after cessation of grazing in the proximity of these species-rich vegetation patches 
could have promoted colonization by more shade-tolerant plants (low EIV-L) typical for the 
forest understory (i.e., Clematis alpina, E. montanum, Hieracium murorum, O. acetosella 
and V. biflora), thus compromising these local hotspots of biodiversity. This suggests that 
forest management may accelerate the treeline recovery.  

4.5 Impact of wind disturbance in forest communities 

There was a large compositional dissimilarity in the vegetation of spruce forests between 
the two sampling periods, which at the time of the historical survey represented mature 
forest stands. Currently, eight of the resampled forest plots are covered by more advanced 
stages of forest succession, which is expressed by mean cover of trees higher than 40% and 
relatively low compositional dissimilarities between the two sampling periods. The species 
composition of the remaining six plots was characterized by low mean cover of trees (below 
40%), indicating more initial stages of succession. Observed tendencies confirm hypothesis 
2 and are the consequences of catastrophic wind events, which are frequent phenomena in 
the Chochołowska Valley. Strong winds (> 36 km/h) occur in the Tatra Mts 196 times per 
year on average. The record wind speed of 270 km/h was recorded in 1968 on Kasprowy 
Wierch summit, and caused serious forest damage in the whole range of the Tatra Mts, re-
sulting in 29,000 m3 of fallen trees, including the Chochołowska Valley (LIMANÓWKA et al. 
2008). The latest catastrophic wind disturbance took place in this area in 2013, reaching 
a maximum speed of about 200 km/h, and caused damage to tree stands in the Chochołow-
ska and Kościeliska Valleys, with approximately 153,000 m3 of spruce fallen (PAP 2014).  

Windthrows often lead to total destruction of the tree canopy, which results in a drastic 
increase in light availability, soil temperature, and spatial heterogeneity of soil water content 
and nutrients (e.g., ROBERTS 2004). In effect, large disturbed areas became available for 
colonization by plants typical of open habitats (e.g., ULANOVA 2000, FISCHER et al. 2002). 
Due to higher insolation, most of the resurveyed forest plots were characterized by higher 
proportions of species with higher light demands, which may thrive due to the higher light 
availability in wind-disturbed forest sites (ROBERTS 2004). This tendency confirms hypothe-
sis 3. Increased availability of nutrients from decaying coarse woody debris in the soil could 
drive the colonization of disturbed forest plots by nitrophilous tall herbs and shrubs, which 
corresponds with findings reported by FISCHER et al. (2002) and BUDZÁKOVÁ et al. (2013), 
and also confirms hypothesis 3. A supporting explanation of these patterns are significant 
increases in frequency of more light- and nitrogen-demanding tall herbs: Calamagrostis 
arundinacea, Senecio ovatus, Petasites albus and Epilobium angustifolium, as well as two 
shrubs: R. idaeus and S. silesiaca.  

Along with tree canopy disappearance, more shade-tolerant plant species typical for the 
understory of low-productivity coniferous forest communities disappeared on wind-
disturbed forest sites (e.g., G. repens, L. cordata and M. uniflora). A possible explanation  
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of this pattern may be the high insolation on plots without canopy, or that these specialized 
plant species could not successfully compete with generalists (i.e., nitrophilous tall herbs and 
shrubs).  

We found that the share of species preferring wetter soil conditions increased in spruce 
forests in comparison to the first sampling period, which partially contradicts hypothesis 3. 
That inconsistency could be explained by the presence of pit and mound microtopography 
created by up-rooted trees - the specific wind-sheltered microsites with decreased soil evapo-
ration (SWANSON et al. 2011), which could be suitable habitats for colonization by species 
with higher moisture requirements (e.g., Petasites albus and Senecio nemorensis), as well as 
by more shade-tolerant plants (e.g., Dryopteris carthusiana). In addition, pit and mound 
microsites with coarse woody debris may create suitable conditions for the survival of natu-
ral spruce regeneration (CHEĆKO et al. 2015, WESOŁOWSKI et al. 2016). This pattern corre-
sponds with our findings: the frequency of spruce was similar in both time periods, regard-
less of whether a given plot was at an advanced or initial successional stage of the forest. 

5. Conclusions 

Effects of the cessation of grazing and recent catastrophic wind disturbances are possibly 
the main factors driving transformations in plant species composition of the vegetation in 
mountain valleys of the temperate zone. The magnitude of compositional dissimilarities 
depended on elevation, as well as the type of bedrock: less pronounced shifts were found at 
higher elevations, and changes were more pronounced in calcareous grasslands. This reflects 
the high susceptibility of mountain plant communities at the lower limit of their elevational 
range to changes in land use in comparison to grasslands located above natural treeline. In 
our opinion, cessation of grazing may constitute a considerable threat to the biological diver-
sity of Tatra Mts grasslands due to recovery of the natural treeline. Therefore, this factor 
should be taken into account during preparation and implementation of the national park’s 
management plans, mainly by considering active protection of these areas by restoration of 
shepherding at a limited scale. In wind-disturbed forests compositional shifts are explained 
by catastrophic winds, which constitute a reasonably important factor that continually drives 
compositional dynamics in the mountain spruce forest vegetation belt. Strong winds favour 
the presence of pit and mound micro-topography created by uprooted trees and coarse 
woody debris, creating a high diversity of microhabitats and suitable conditions for natural 
regeneration, growth and survival of the forest. 

Erweiterte deutsche Zusammenfassung 
Einleitung – Bergregionen in Europa wurden über Jahrhunderte durch Besiedlung, Industrie und 

Weidewirtschaft beeinflusst (KOZAK 2003). Ziel dieser Untersuchung war es, Vegetationsveränderun-
gen im “Chochołowska-Tal” in der westlichen Tatra (Polen) in den letzten 92 Jahren zu dokumentieren 
und die dafür verantwortlichen Umweltfaktoren zu beschreiben. Dafür wurden die Veränderungen der 
Anteile von Arten mit unterschiedlichen Umweltansprüchen analysiert. 

Material und Methoden – Im Jahr 2014 wurden 47 alte Vegetationsaufnahmen von Gebirgsmager-
rasen auf Kalk (=Kalkmagerrasen) und Granit (=bodensaure Magerrasen) und Fichtenwäldern unter 
Verwendung der früher angewandten Methodik wiederaufgenommen. In jeder Fläche wurden die 
vorkommenden Gefäßpflanzenarten erfasst. Wir analysierten die Veränderungen in der Vegetation der 
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Magerrasen und Wälder über die Veränderungen der mittleren Ellenberg-Zeigerwerte (EIV) für Licht 
(EIV-L), Temperatur (EIV-T), Bodenfeuchte (EIV-F) und Bodenstickstoff (EIV-N). Die Ähnlichkeit 
zwischen alten und neuen Aufnahmen wurde über Bray-Curtis-Indizes erfasst. 

Ergebnisse – Die Ähnlichkeit der Vegetation alter und neuer Aufnahmen von Magerrasen nahm 
signifikant mit steigender Meereshöhe zu (Abb. 3). Die neuen Aufnahmen von Kalkmagerrasen zeigten 
niedrigere EIV-L sowie höhere EIV-T and EIV-N im Vergleich zu den historischen Aufnahmen. In den 
bodensauren Magerrasen nahmen die mittleren Zeigerwerte für Temperatur, Bodenfeuchte und  
Stickstoff zu. Die neuen Vegetationsaufnahmen in Fichtenwäldern wiesen im Vergleich zu früher 
höhere Werte für EIV-L, EIV-F und EIV-N auf (Abb. 5). 

Diskussion – Die Vegetation des Chochołowska-Tals in der westlichen Tatra hat sich über die ver-
gangenen 92 Jahre stark verändert. Die Akkumulation einer stickstoffhaltigen Humusschicht ist vermut-
lich für die Zunahme nährstoffbedürftiger Arten in nicht mehr beweideten Magerrasen verantwortlich. 
Die milderen mikro-klimatischen Bedingungen in der dichteren Vegetation begünstigten auch die 
Besiedlung der Magerrasen durch wärmebedürftigere Bäume und Sträucher. Die Fichtenwälder der 
Region dagegen zeigten höhere Anteile an Licht- und Stickstoff-bedürftigen Arten, wahrscheinlich 
ausgelöst durch sturmbedingten starken Windwurf. 

Schlussfolgerungen – Das Verschwinden der Bergweide im Untersuchungsgebiet ist hauptsächlich 
für die Veränderungen der Vegetation von Magerrasen und das Höherwandern der Baumgrenze ver-
antwortlich. Die Grasländer niederer Lagen in der Tatra sind empfindlich gegenüber Veränderungen der 
Landnutzung, was eine Gefahr für den Erhalt der hohen Biodiversität der Region darstellt. Die Vegeta-
tionsdynamik in Berg-Fichtenwäldern ist stark durch den natürlichen Windwurf geprägt. Stürme schaf-
fen durch umgeworfene Bäume eine starke Mikro-Topographie und damit eine hohe Diversität von 
Mikro-Habitaten, was die natürliche Regeneration fördert. 
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Supplement E1.  Table of relevés recorded historically and recently with metadata of the plots. Abbreviation: P lot id: h - historical plot, n - resampled plot. Vegetation type: GG - granite grassland, CG - calcareous grassland, SF - spruce forest

Anhang E1. Vegetationstabelle der historisch und neu aufgenommenen Flächen mit Metadaten. P lot id: h - historische Probefläche, n - wieder aufgenommene Probefläche. Vegetationstyp: GG - bodensaurer Magerrasen, CF - Kalkmagerrasen, SF - Fichtenwald

Plot id 71h 71n 72h 72n 73h 73n 74h 74n 75h 75n 76h 76n 77h 77n 78h 78n 79h 79n 64h 64n 66h 66n 68h 68n 69h 69n 70h 70n 44h 44n 45h 45n 46h 46n 47h 47n 48h 48n 49h 49n 50h 50n 51h 51n 52h 52n 53h 53n 54h 54n 55h 55n 57h 57n 58h 58n 37h 37n 38h 38n 39h 39n 42h 42n 43h 43n 1h 1n 2ah 2an 3h 3n 4ah 4an 5h 5n 6ah 6an 7h 7n 8ah 8an 10h 10n 11ah 11an 14h 14n 16h 16n 19h 19n 20h 20n
Vegetation type CG CG CG CG CG CG CG CG CG CG CG CG CG CG CG CG CG CG CG CG CG CG CG CG CG CG CG CG GG GG GG GG GG GG GG GG GG GG GG GG GG GG GG GG GG GG GG GG GG GG GG GG GG GG GG GG GG GG GG GG GG GG GG GG GG GG SF SF SF SF SF SF SF SF SF SF SF SF SF SF SF SF SF SF SF SF SF SF SF SF SF SF SF SF
Date (dd-mm-yyyy) 1922 12.08.14 1922 12.08.14 1922 05.07.14 1922 11.08.14 1922 11.08.14 1922 12.08.14 1922 02.07.14 1922 02.07.14 1922 02.07.14 1922 07.07.14 1922 07.07.14 1922 11.08.14 1922 11.08.14 1922 11.08.14 1922 04.07.14 1922 04.07.14 1922 04.07.14 1922 18.08.14 1922 03.07.14 1922 18.08.14 1922 19.08.14 1922 03.07.14 1922 19.08.14 1922 04.07.14 1922 18.08.14 1922 18.08.14 1922 04.07.14 1922 04.07.14 1922 18.08.14 1922 05.04.14 1922 03.07.14 1922 11.08.14 1922 03.07.14 1922 01.07.14 1922 01.07.14 1922 02.07.14 1922 02.07.14 1922 11.08.14 1922 05.07.14 1922 05.07.14 1922 05.07.14 1922 03.07.14 1922 14.08.14 1922 17.08.14 1922 01.07.14 1922 06.07.14 1922 13.08.14
Elevation (m a.s.l.) 1100 1039 1280 1290 1490 1440 1520 1568 1520 1530 1000 1058 1050 1093 1080 1061 1250 1172 1500 1473 1660 1616 1800 1819 1600 1682 1820 1825 1800 1820 1820 1803 1850 1813 1850 1854 1850 1855 1910 1890 1940 1909 2060 2044 2070 1970 1820 1815 1900 1914 1910 1910 2100 2123 2170 2125 1600 1593 1630 1664 1650 1652 1750 1770 1750 1775 1130 1120 1180 1180 1360 1317 1380 1368 1460 1432 1460 1462 1260 1285 1370 1325 1440 1428 1440 1400 1050 1050 1130 1082 1260 1252 1000 969
Aspect N,S N,S S S S S N N N N no data N,S,W,E no data E W W SW SW SW SW NW NW S S W W no data SE N NE no data SE no data W N N NW NW N N N NW no data NW no data S E E SE SE no data W no data NE no data NW W W NE NE NE NE E E N N N N NE NE SW SW SW SW W W E E no data W W W W W N N W W NE NE no data S no data N
Slope (in %) no data 45-90 no data 0-90 no data 10-90 no data 80-90 no data 70-90 no data 0-90 no data 70. no data 70 no data 80-90 no data 45-50 no data 45-50 no data 10.-15 no data no data no data 10.-20 no data 30-40 no data 30-45 no data 40-45 no data 50 no data 30-40 no data 60-80 no data 40 no data 45 no data 40 no data 45-50 no data 20-45 no data 45-50 no data 45-50 no data 30-45 no data 50 no data 20 no data 20-25 no data 45 no data 45-50 no data 40 no data 0-20 no data 0-45 no data 0-45 no data 10 no data 40-45 zn 15 no data 35-40 no data 30 no data 45 no data 30-40 no data 30 no data 30-40 no data 45
Plot size (in m²) • 40 • 45 • 30 • 30 • 35 • 50 • 50 • 50 • 150 • 50 • 50 • 50 • 20 • 25 • 30 • 30 • 30 • 25 • 50 • 25 • 30 • 50 • 30 • 15 • 20 • 20 • 40 • 30 • 25 • 20 • 30 • 50 • 20 • 300 • 300 • 300 • 300 • 300 • 300 • 300 • 300 • 300 • 300 • 300 • 300 • 300 • 300

Abbreviation 
of species: Species:

Abi.alb Abies alba . . . + . . . . . . . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . r . . . . . . . . . . . . . . . . 4 4 5 3 2 2 . 2
Ace.pse Acer pseudoplatanus . . . + . . . . . . . r . r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + . . . . . . . . . . . . . . . . . . . . r . r . +
Aco.fir Aconitum napellus subsp. firmum . . . . . . . . . . . . . + . . . . . . . . . + . . . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + . . . . . + . . . . . . . + . . . . . . . . . . . + . . . .
Act.spi Actaea spicata . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . r . . . . . +
Ade.all Adenostyles alliariae . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + . . . . . . . . . . . . . . . . . .
Ado.mos Adoxa moschatellina . . . . . . . . . . . . . + . r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . r . . . . . 1 . . . . . . . . . . . . . . . . . . . . .
Agr.rup Agrostis rupestris . . . . . . . . . . . . . . . . . . . . r . 3 1 + . 1 . r . 1 . + . . 1 . . . 1 . . . . 1 . 3 . 3 1 4 + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
All.sen Allium senescens . . . . . . . . . . . . . . . . r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
And.cha Androsace chamaejasme . . . . . . 1 1 1 . . . . . . . . . . . . . 2 + 1 + 1 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
And.lac Androsace lactea r . . . + . r 1 1 . . . . . 1 . 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Ane.nar Anemone narcissifolia . . . . . . . . . . . . . . . . . . . . . . . . . + . 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Ane.nem Anemone nemorosa . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . r . . . . . . . 1 . . . . . . . . . . . . . . . 1 .
Ang.syl Angelica sylvestris . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . r . . . .
Ant.dio Antennaria dioica . . . r . . . . . . . 1 . . . . . . . + . . . . . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Anx.alp Anthoxanthum alpinum . . . . . . . . . . . . . . . . . . . . r . 1 + . . . . . . + . . . . . . . . . . . . . . . . . . . . + . . . . . . r + + + 1 + 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Anh.vul Anthyllis vulnenaria . . . . . . . . . . . . . . . . 1 . . 2 . + . . . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Aqu.vul Aquilegia vulgaris . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + . . . .
Ara.alp Arabis alpina . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Ara.soy Arabis soyeri . . . . . . . . . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Aru.dio Aruncus dioicus . . . . . . . . . . . . . . . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + . . . . . . . . . . . . . . . . . . . . . . . . . .
Asa.eur Asarum europaeum . . . . . . . . . . . . . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + + . . . . . . . . . . . . . . . . . . . . . . . .
Asp.rut Asplenium ruta-muraria 1 r . + r + . . . . . + . + r . 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Asp.tri Asplenium trichomanes . . . . . . . . . . . . . 2 r 1 1 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + . . . . . . . . . . . . . . . . . . . . . . . . . .
Asp.vir Asplenium viride 1 1 . 1 . + r + 1 + r + . 1 . + r 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 1 r . + + r + . . . . . . . . . . . . r . r . + r . +
Ast.alp Aster alpinus . . . . 1 . . . . . r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Ast.bel Bellidiastrum michelii 2 2 2 + 1 1 r 1 2 1 1 1 1 . 1 . 1 . 1 + 1 1 . . . 1 . 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + . + . r . .
Asg.aus Astragalus australis . . . . . . . . . . . . . . . . . . . . . . . . . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Asn.maj Astrantia major . . . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . r . . . . . . . . . . . . . . . .
Ath.dis Athyrium distentifolium . . . . . . . . . . . . . . . . . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 . . . + . . . . . + . + r 1 . + r 4 r . r 1 1 + . . . 1 . . . . . . . .
Ath.fil Athyrium filix-femina . . . . . . . . . . . . . . . + . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 . r . . . . . . . . . . . . . . . . . r . r + + . r 1
Ave.pra Helictochloa pratensis . . . . . . . . . . . . . . . . . . . . . . . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Ave.ver Helictochloa versicolor . . . . . . . . . . . . . . . . . . . . . . . . . . . . + . 1 1 1 1 + + r 1 + 1 r + r + 2 + 1 . r 1 2 + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Bar.alp Bartsia alpina . + . . r . r 1 . 1 . . . . . . . . r . + + 1 1 + 1 r 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Bet.pen Betula pendula . r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + . . . . . . . . . . . .
Bis.lae Biscutella laevigata . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Ble.spi Blechnum spicant . . . . . . . . . . . . . + . . . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Bot.lun Botrychium lunaria . . . . . . . . . . . . . . . . . . . . . . r + . . . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Bup.ran Bupleurum ranunculoides . . . . . . . . . . . . . . 2 . 2 . . . . . . . . + . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Cal.aru Calamagrostis arundinacea . . . 1 . . . . . . . 1 . . . 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 . . . 1 . 1 . . . + . . . . . 2 . . . . . 1
Cal.var Calamagrostis varia . 1 . . . . . . . . r 1 1 1 . . . 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + . . . . . . . . . 3 . . . . . . . . . 1 . 2 . 2 . .
Cal.vil Calamagrostis villosa . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 2 3 3 5 3 4 1 3 5 . . . + . . . + . + . 1 . . . . . . . 1 . . . + . 1 . .
Cll.vul Calluna vulgaris . . . . . . . . . . . . . . . . . . . . . . r 1 . + . . . . . + . . . + . + . . . . . . . . . 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Cth.pal Caltha palustris subsp. laeta . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Cam.alp Campanula alpina . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 . r + r 1 1 1 2 1 1 1 2 2 1 1 2 1 . + 1 1 1 1 . 1 1 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Cam.coc Campanula cochleariifolia . . . . . . . 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Cam.rot Campanula rotundifolia subsp. rotundifolia 2 1 2 + 2 1 1 2 1 1 1 2 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Cam.sch Campanula scheuchzeri . . . . . . . . . . . . . 1 1 . 1 + r + r + 1 1 1 + 1 + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + . 1 . 1 1 . . . + . + 1 + r + r . r . . . . . . . . . . + + + 1 + . .
Cam.ser Campanula serrata . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Cam.tra Campanula trachelium . . . . . . . . . . . . . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + . . . . . . . . . . . . . . . . . . . . . . . . . .
Car.opi Cardamine amara subsp. opicii . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Car.bul Cardamine bulbifera . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + . . . . . . . . . . . . . . . . . . . . . . . .
Car.fle Cardamine flexuosa . . . . . . . . . . . . . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + . . . . . . . . . . . . . . . . . .
Car.gla Cardamine glanduligera . . . . . . . . . . . . . + . + . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 + 1 + . . . . . . . . . . . . . . . . + . + . . . r +
Car.hir Cardamine hirsuta . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 . r . r . r . r . . . . . . . . . . . . . . . . . . .
Car.imp Cardamine impatiens . . . . . . . . . . . . . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Car.pra Cardamine pratensis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Car.tri Cardamine trifolia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + . . . . . . . + . . . . . . . . . . . . 2 1 1 . . .
Crd.bor Arabidopsis arenosa subsp. borbasii . . . + . . . . . r . r . r . + . 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + . . . . . . . . . . . . . . . .
Crd.hal Arabidopsis halleri . . . . . . . . . . . . . + . . . + . r . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 . . . + . + . . . . + . . . . . . . . . . . . r . . . + . .
Cdu.cri Carduus crispus . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Cdu.gla Carduus defloratus subsp. glaucus . . . . . . . . . . 1 1 + . 1 . 1 . . + . . . . . + . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Crx.atr Carex atrata . . . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Crx.bra Carex brachystachys . . . . . . . . . . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Crx.cut Carex canescens . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + . . . . . . . . . . . . . . . . . . . . . . . . . .
Crx.dig Carex digitata . . . . . . . . . . . . . + . . . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + . + r . . . . . r . . . . . . . . . 1 2 r 1 1 1 . r
Crx.fir Carex firma 3 3 3 1 3 2 3 3 4 3 1 1 + . r . r . . . . 1 r + + 2 . 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Crx.fla Carex flava . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + . + . . . .
Crx.pal Carex pallescens . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + . . . .
Crx.pil Carex pilulifera . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + . . . . . . . . . . . .
Crx.sem Carex sempervirens 1 . . 1 1 1 . 1 . . 2 + 3 . + . 1 + 3 1 3 + 2 1 + 2 + 2 . . + + . + . . . 1 . . . . . . . . . + 3 + 1 . . . + . . . r . + . 1 2 . . . . . . . . . . . . . . . . . . . . . . . + . . . . . .
Crx.syl Carex sylvatica . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + . . . . . . . 1 . . . . . . . . . 1 . + . . . .
Crl.aca Carlina acaulis . + . + . . . . . . r + r . . . r . r + r + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + . . . . . . . . . . . . . + . . . . . . . . . . . . . . . .
Cer.lan Cerastium alpinum var. lanatum . . . . . . . . . . . . . . . . . . . + . 2 r + . . . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Cer.cer Cerastium cerastoides . . . . . + . + . . . . . . . . . . . . . . . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Cer.fon Cerastium fontanum . . . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Cha.aro Chaerophyllum aromaticum . . . . . . . . . . . . . . . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . r . + . . . . . . r + . . . . . . . . . . . . . . . .
Cha.hir Chaerophyllum hirsutum . . . . . . . . . + . . . . . + . . . . . . . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + . . . . . + . . . . . . . . . . . . . . . . . . . + . . . r
Chr.alt Chrysosplenium alternifolium . . . . . . . . . . . . . 1 . 1 . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + . . . + . . . . . . r + . . . . . . . . . . . . . . . . . .
Cic.alp Lactuca alpina . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . r . . . . . . . . . . . r . . . . . . . . . . . . . . . . . .
Cir.alp Circaea alpina . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . r + + . . . . . . . . . . . . . . . . . . . . . . . .
Crs.eri Cirsium erisithales . . . + . . . . . . . 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + . . . . . . . . . . . . . + . . . . . . . . . . . 1 . r . .
Crs.hel Cirsium helenioides . . . . . . . . . . . . . . . . . . . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Crs.pal Cirsium palustre . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + . . . . . . . . . + . . . . . .
Cle.alp Clematis alpina . . . + . . . . . . . + . + . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . r . . . . . . . . . . . . . . . . . . r + + + 1 1 . .
Coe.vir Dactylorhiza viridis . . . . . . . . . . . . . . . . . . . . . . . . . . . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + . . . . . .
Cor.tri Corallorhiza trifida . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + . . . . . . . . . . . . . . . . . . . . . . . .
Cre.jac Crepis jacquinii 2 1 1 + 2 + . + 1 1 1 2 2 . 1 . . . . . . 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Cys.fra Cystopteris fragilis subsp. fragilis + . r . . + . 1 . 1 . . . + . 1 . 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + . . r + r . . . . . . . . . . . . . . . . . . . . . . . . .
Dap.mez Daphne mezereum . . . + . . . . . . . r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + . . . . . . . . . + . . . . . . . . r 1 . + . . . .
Des.ces Deschampsia cespitosa . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . r . . . . . . . . . . . . . . . . . .
Des.fle Avenella flexuosa . . . . . . . . . . . + . + . . . . . . . . . + . . . . . + 1 + 1 + r 1 . . 1 1 . + . . r + + 1 . 2 1 1 . . . . 3 2 3 2 3 2 3 + 1 1 1 + 1 + 1 1 1 1 1 + 1 + 2 1 1 2 2 . 2 1 r + r . 1 . r +
Dia.plu Dianthus plumarius . . . . . + 1 . . . . . . . . . 1 . . . . . r + . . . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Dia.sup Dianthus superbus subsp. alpestris . . . . . . . . . . . . . . . . . . . . . . . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Dig.gra Digitalis grandiflora . . . . . . . . . . . . . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + . . . . . . . . . . . . . . . . . . . . . + . . . .
Dor.aus Doronicum austriacum . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Dor.clu Doronicum clusii . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . r . . . . + r + r . . . . . . . 2 1 r 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Dra.aiz Draba aizoides . . . . 1 1 r 1 r 1 . . . . 1 . 1 . . . . . . . . . . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Drs.oct Dryas octopetala 1 . . . . 2 2 . . 2 . r . . . . . . r + . + 1 + 4 3 5 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Dry.car Dryopteris carthusiana . . . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + . . . . . 1 . + . 1 . 1 . 2 . + . + . + . . . 2 . . . . . . . 1
Dry.dil Dryopteris dilatata . . . . . . . . . . . . . . . 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + . + . + . . 1 + 1 + + 1 r 1 1 + + . 1 + 2 2 1 . 1 1 r . r . + . 1 +
Dry.fil Dryopteris filix-mas . . . r . . . . . . . . . + . . . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + r + . . r . . . . . . . . . . . . . . . r . . . . 1
Emp.her Empetrum hermaphroditum . . . . . . . . . . . . . . . . . . . . . . . . . . . . + . + . + . . . . . . . . . . . . . r 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Epi.alp Epilobium alpestre . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Epi.als Epilobium alsinifolium . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Epi.ana Epilobium anagallidifolium . . . + . . . . . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Epi.ang Epilobium angustifolium . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + . . . + . . . 1 . 1 . . . . . . . . . . . .
Epi.mon Epilobium montanum . . . + . . . . . . . . . + . 1 . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + . . r 1 + 1 + . r . . + . . . . . . . . . . . . + . . . . +
Epc.atr Epipactis atrorubens . . . + . + . . . . . 1 r . r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + . . . . . . . . . . . . . . . . . . . + . . . r
Eri.uni Erigeron uniflorus . . . . . . . . . . . . . . . . . . . . . . . . . . . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Eph.ang Eriophorum angustifolium . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Eph.vag Eriophorum vaginatum . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Erb.amy Euphorbia nicaeensis subsp. nicaeensis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 1 . + . . . .
Eup.pic Euphrasia picta . . . . . . . . . . . . . . . . . . . . . . . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Eup.ros Euphrasia rostkoviana . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Eup.sal Euphrasia salisburgensis 1 + r . 1 1 r + . + . + + . r . 1 . 1 . 1 + r + . 1 r 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Eup.str Euphrasia stricta . . . . . . . . . . . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Fag.syl Fagus sylvatica . . . + . . . . . . . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . r . . . . . . . . . . . . . . . . . . + . 1 . r . r
Fes.sup Festuca airoides . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 1 . 2 1 1 1 1 r 1 1 + 2 + 1 1 1 1 3 . 1 + 1 1 3 2 3 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Fes.pic Festuca picturata . . . . . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 . 2 . 3 . 2 . 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Fes.rub Festuca rubra . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + . . . . . . . + . . . .
Fes.tat Festuca tatrae . . . . . . . . . . 3 1 2 . 3 . 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Fes.ver Festuca versicolor 1 1 . . 2 + 2 1 2 2 . . . . . . . . 3 3 4 2 3 1 . . 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + . . . . . .
Fra.ver Fragaria vesca . . . 1 . . . . . . . + . + . + . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . r + . + . + . . . + 1 1 . . . . . . . . 1 1 + 1 1 1 2 1
Gal.ani Galium anisophyllon r + . 1 . + 1 + 1 1 1 1 . . 1 . 2 + 1 + 1 + 1 1 1 + 1 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + . . . . . . . . . . . . . + . . . . . . . . . + . + . . . .
Gal.odo Galium odoratum . . . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 2 . . . . . . . . . . . . . . . . . r . . . . . .
Gal.rot Galium rotundifolium . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 + . . . . . . . . . . . . . . . . . + r . . . 2 .
Gal.sch Galium intermedium . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + . . . .
Gen.asc Gentiana asclepiadea . . . . . . . . . . . . . . . . . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 . . . r . . . . . + 1 + . . . . . + r 1 . . + . + . . . + + + 1 1 + . +
Gen.clu Gentiana clusii + + . r 1 1 r . . . 1 + 1 . r . 1 . 1 1 r 2 . . . 1 . 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Gen.fri Gentiana frigida . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + 1 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Gen.pun Gentiana punctata . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . r . . . . . . . . . + . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Gen.ver Gentiana verna 1 + 1 . 2 . . . r 1 1 + 1 . . . . . . . . 1 r + + 1 r 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Gtl.cil Gentianella ciliata . + . . . . . . . . . . . . . . . . . . . 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Gtl.lut Gentianella lutescens . + . + + . r . r . r + 1 . . . . . 1 . r 1 r . + + r + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Ger.rob Geranium robertianum . . . . . . . . . . . . . 2 . 2 . 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . r 1 r . . . . . . . . . . . . . . . . . . . . . . . . 1
Ger.syl Geranium sylvaticum . . . . . . . . . . . . . . . . . . . . . . . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Geu.mon Geum montanum . . . . . . . . . . . . . . . . . . . . . . . + r . 1 . . . + . . . . . . . + . . . r + 2 . + . 1 . 2 + . . . . . . 1 + 1 + 1 1 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Goo.rep Goodyera repens . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . r . . . . . . . r . . . . . . . . . + . r . r . . .
Gym.con Gymnadenia conopsea . . . + . . . . . . . . . . 1 . r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + . 1 . . . .
Gym.odo Gymnadenia odoratissima . + . . . . . . . . . + . . . . . . r + . 1 + . . + . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + . . . . . . . . . . . . . . . .
Gmc.dry Gymnocarpium dryopteris . . . . . . . . . . . 1 . . . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 . 1 + . . . . r 2 . . . . r . . . . . r . + . + + r 1
Gyp.rep Gypsophila repens . . . . . . 1 . r . . . + . . . . . . . . . . . . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Hed.hed Hedysarum hedysaroides . . . . . . . . . . . . . . . . . . . . . . . . . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Hel.num Helianthemum nummularium . . 1 . r 1 r . . . . . . . 1 . 1 . 1 1 1 1 1 + . . r + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Her.sph Heracleum sphondylium . . . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + . . . . . . . . . . . . . . . . . . . . . . . + . . . + . .
Hie.acu Hieracium lachenalii subsp. acuminatum . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 . . . . . . . . . . . . . . . . . . . . . .
Hie.alp Hieracium alpinum . . . . . . . . . . . . . . . . . . . . r . 1 + . . . + r . . . r . + + 1 + + 1 r + r . . . 1 + + 1 r 1 . . . . . . 1 . 1 . . . 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Hie.aur Pilosella aurantiaca . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Hie.bup Hieracium bupleuroides . . 1 . . . . . . . . + + . . . r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Hie.cae Hieracium caesium . . . . . . . . . . 1 . 1 . . . 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Hie.mur Hieracium murorum . . . . . . . . . . . r . 1 . + . + . . . . . . . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + . . 1 + 1 1 1 1 1 + + . 1 1 . . . . . . . . 1 2 1 + 1 1 1 +
Hie.pil P ilosella piloselloides . . . . . . . . . . r . . . . . r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Hie.vil Hieracium villosum 1 + . . 1 + . . . . r . + . . . r . . . . . . + . . . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Hom.alp Homogyne alpina . . . . . . . + . . . + . . . . . . . . . . 1 + 1 + r + . . + . . . . . r + 1 1 . + 1 1 1 . 2 + 1 . 1 1 . . 1 . 1 1 1 1 2 1 1 1 2 + 2 + 1 + 1 + 1 + + 2 1 + 1 + + . 2 + 1 + 1 1 1 1 1 1 + +
Hor.eur Hordelymus europaeus . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + . . . . . . . . . . . . . . . . . . . . . . . . .
Hup.sel Huperzia selago . . . + . . . + . . . . . . . . . . . . . . . . . . . . . + . . + . . 1 . + . + . 1 . . . . . . . . . . . + . . . . . . . . . . . + r . . . . . . . + . . . . . . . + . . . . . . . . . . .
Hyp.mac Hypericum maculatum . . . . . . . . . . . . . . . . . . . . . . . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + 1 . r . 1 + . . . r . . . . . . . r . 1 . . . . . . . . . . . . . . . +
Jov.glo Jovibarba globifera subsp. globifera . . . . . . . . . . r . . . r . 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Jun.alp Juncus alpinoarticulatus . . . . . . . . . . . 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Jun.tri Juncus trifidus . . . . . . . . . . . + . . . . . . . . . . . . . . . . 3 3 4 3 3 2 4 4 3 2 4 3 3 3 4 2 4 5 . 2 + 3 r 2 . 1 . 1 . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Jpr.nan Juniperus communis subsp. nana . + . + . . . . . . . + . . . . . . . . . . . 1 . 1 . + . . . . . . . . . . . . . . . . . . . . . + . . . . . . . . . . . . . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Ker.sax Kernera saxatilis . + . 1 + + . . . . . 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Kna.kit Knautia kitaibelii . . . . . . . . . . 1 . . . + . 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Lam.gal Lamium galeobdolon . . . . . . . . . . . . . . . + . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 + r 1 1 + . . 1 + 1 . . . . . . . . . 1 r 2 . 1 + + 1
Lam.mac Lamium maculatum . . . . . . . . . . . . . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Lar.dec Larix decidua . . . . . . . . . . . . . . . . . . . . . . . . . . . r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . r . . . .
Leo.aut Scorzoneroides autumnalis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + . . . . . .
Leo.his Leontodon hispidus . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 . . . .
Leo.inc Leontodon incanus . . 1 + + . . . . . 1 2 1 . . . . . . . . 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Lch.alp Leucanthemopsis alpina . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . r . 1 + + 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Lct.wal Leucanthemum rotundifolium . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + . . . . . . . . . . . . . . . . . .
Lig.mut Ligusticum mutellina . . . . . . . . . . . . . . . . . . . . . . . + r + 1 + . . . . . . . . . . . + . + 1 + 1 + . . 2 . 1 1 . . . . . + 1 + 1 1 r . 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Lil.mar Lilium martagon . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + . .
Lin.cat Linum catharticum . + . + . . . . . . . r . . . . . . + + + + . . . + . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + . . . . . . . . . + . + . . . .
Lin.ext Linum perenne subsp. extraaxillare . . . . . . . . . . . . . . . . . . . . . . . + . 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Lis.cor Neottia cordata . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . r . + . 1 . . . . . . . . . . . r . . . . . . . r .
Lis.ova Neottia ovata . . . + . . . . . . . . . . . . . . . . . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + . . . . . . . . . + . + . . . r
Lon.nig Lonicera nigra . . . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . r . . . . . + . . . . . . . . . . . . r + . . . .
Lot.cor Lotus corniculatus . . . . . . . . . . . . . . . . . . . + . . . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Lun.red Lunaria rediviva . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + . . . . . . . . . . . . . . . . . . . . . . . .
Luz.spa Luzula alpinopilosa . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 r . 1 + 2 . r + 2 1 1 + . . 1 . 1 1 . 1 1 1 r 1 . 1 + + . . 1 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Luz.luz Luzula luzulina . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + . . . . 1 1 r + . 3 r 1 1 . 1 + . + . 2 . . . . . + 1 . 1 . . 2
Luz.nem Luzula luzuloides . . . . . . . . . . . . . . . . . . . . . . . 2 . . r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 . 2 . 1 . 1 . . . . 1 1 1 1 . r . + + . . . . 1 . . . . . . . . . . . . .
Luz.syl Luzula sylvatica . . . r . . . + . . . . . . . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + 2 . + . + + . . r . 1 + r . 1 1 r 2 1 + r . 1 + 1 . . 2 . . r + . + . .
Lyc.ann Lycopodium annotinum . . . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 2 . . . . . . . . .
Lyc.cla Lycopodium clavatum . . . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Mai.bif Maianthemum bifolium . . . . . . . . . . . + . + . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 . . . . . . . . . . . . . . . . r 1 r + . 1 1 1
Mel.syl Melampyrum sylvaticum . . . . . . . . . . . 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 . + + . . . . . . . . . . . . . . . . . . . . . . . . . + . 2 . . . .
Mer.per Mercurialis perennis . . . . . . . . . . . 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 + 1 1 . 2 . 1
Mil.eff Milium effusum . . . . . . . . . . . . . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 . . . + . . . . . . . . . . . . . . . . . . . . . . . . . .
Min.lar Minuartia laricifolia subsp. kitaibelii 1 . r . 1 + . . . . 1 . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Min.ver Minuartia verna . . . . r + r 1 1 . . . . . . . . . . . . . . + . . . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Moe.mus Moehringia muscosa . . . . . . . . . . . . . . . . . 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Moe.tri Moehringia trinervia . . . . . . . . . . . . . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + . . . . . . . . . . . . . . . . . . . . + . . . . .
Mon.uni Moneses uniflora . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . r + r . 1 . 1 . r . r . . . . . . . . . + + + . + . 1 .
Mtr.hyp Hypopitys monotropa . . . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + . . .
Myc.mur Lactuca muralis . . . . . . . . . . . . . 1 . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 1 r + r r . . . . r . . . . . . . . . 1 . 2 + r + 1 1
Myo.alp Myosotis alpestris . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Myo.nem Myosotis nemorosa . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Myo.syl Myosotis sylvatica . . . . . . . . . . . . . 1 . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . r 1 r + r . . . . . . . . . . . . . . . . . . + . . . .
Nar.str Nardus stricta . . . . . . . . . . . . . . . . . . . . . . . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + . r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Neo.nid Neottia nidus-avis . . . . . . . . . . . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + . . . . . . . . . . . . . . . . . . . + . . . .
Oma.sup Gnaphalium supinum . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Oph.vul Ophioglossum vulgatum . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . r . . . . . . . . . . . . . . . .
Ore.dis Oreochloa disticha . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 2 1 1 1 2 + 1 3 3 1 1 2 1 3 3 1 1 2 . r 1 + 1 3 . 3 2 . . . . . . . . 3 + . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Ort.sec Orthilia secunda . . . + . . . . . . . r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + . . . . . . + . . . . . . . . . r 1 . + + + + .
Oxa.ace Oxalis acetosella . . . + . . . . . . . . . 2 . 1 . 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 . . . . . . . 3 2 3 2 3 + 2 1 3 2 3 . 1 . 2 + 2 . 1 + 3 + 3 + 3 + 2 2
Par.qua Paris quadrifolia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . r r r + . . . . r . + . . . . . . . . . r + r . . . r +
Par.pal Parnassia palustris . + . + . . . . . + r + . . r . . . + . r . r + r 1 r + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + . . . . . . . . . . . . . . . . . . . . . . . . . + . . . .
Ped.oed Pedicularis oederi . . . . . . + 1 r + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Ped.ver Pedicularis verticillata + 2 1 . 1 + + + r 1 . . 1 . r . r . . . . + . . . + . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Pet.alb Petasites albus . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . r . 1 . . . . . + . 1 . . . . . . . . . + . . . . . .
Phe.con Phegopteris connectilis . . . + . . . . . . . . . . . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . r . r . . . . . r 1 . . . . . . . . . . + . + . . . . +
Phl.alp Phleum alpinum . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Phy.orb Phyteuma orbiculare . + . + 1 + . . 1 + 1 + 1 . 1 . 1 . 1 1 1 + r 1 . 1 r 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + . . . . . . . . . . . . . + . . . . . . . . . . . . . . . .
Phy.spi Phyteuma spicatum . . . . . . . . . . . . . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 . . . . . . . . . . . . . . . . . + . + . . . .
P ic.abi P icea abies . + . 3 . . . + . + . 3 . 3 . + . 3 . + . + . + . 2 . + . . . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 . . 5 5 5 4 4 + 5 4 5 2 4 3 4 3 5 3 4 4 4 3 1 2 + 3 4 4 5 3
Pim.maj Pimpinella major . . . . . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 . . . .
P im.sax Pimpinella saxifraga . . . . . . . . . . r + 1 . 1 . r . r . r . . . . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
P in.alp Pinguicula alpina r 1 + . 1 + . 1 + 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
P in.vul Pinguicula vulgaris . . . . . . . . . . . . . . . . . . . . . + . . . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
P in.mug Pinus mugo . . . . . 1 . + . 1 . . . . . . . . . . . r . + . 1 . + . + . . . . . . . + . . . . . . . . . . . . . . . r . . . . . . . + . 4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
P lt.bif P latanthera bifolia . . . . . . . . . . . . . . . . . . . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + . . . .
Poa.alp Poa alpina . . . + . + . + . . . . . . 1 . 1 . . . . . . . r + r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Poa.ann Ochlopoa annua . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + . . . . . . . . . . . . . . . . . .
Poa.chai Poa chaixii . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + . . . r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Poa.nem Poa nemoralis . . . . . . . . . . . . . + . . . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . r + . . . . . . r + . + . . . . . . . . . . . . . . . .
Poa.sup Ochlopoa supina . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Poa.tri Poa trivialis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
P la.bra Polygala amara subsp. brachyptera . . . + . + . . . . r + + . 2 . 1 . r 1 r + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . r . . . . . . . . . + . . . . . . . . . . . + . . . .
P lg.ver Polygonatum verticillatum . . . . . . . . . . . . . . . . . . . . . . . . . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + . + . . r . . . r . . . . . . . . . 1 + + + r + . +
Pol.bis Polygonum bistorta . . . . . . . . . . . . . . . . . . . . . . . 1 . . . . . . . . . . + . r + 1 + r + r + r + . . + . . 1 r + . 1 r + + + r + . . . 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Pol.viv Polygonum viviparum . . . . . . r + r 1 . + . . . . . . . . r + r 1 1 + 1 2 . . . . . . . . r . . . . . . . . . . . . . . . . r . . . . . . . . . . r . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
P lp.vul Polypodium vulgare . . . . . . . . . . . . . + . 1 . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . r + . . . . . . r . . . . . . . . . . . . . . . . . . .
P ls.acu Polystichum aculeatum . . . . . . . . . . . . . . . . . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . r 1 . . . r . . . . + . . . . . . . . . r . + . . . . .
P ls.bra Polystichum braunii . . . . . . . . . . . . . . . . . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
P ls.lon Polystichum lonchitis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . r . . . + . . . . . . . . . . . . . . . . .
Pop.tre Populus tremula . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + . . . . . . . . . . . . . .
Pot.aur Potentilla aurea . . . . . . . . . . . . . . . . . . . . r . 2 1 r 1 1 + . . . . . . . . . . . . . . 1 + 1 . . . 1 . 3 + . . . . . + 1 . 1 . 1 1 r . . . . . . . . . . . . + . . . . . . . . . . . . . . . .
Pot.cra Potentilla crantzii . . . . . . . . . . . . . . . . . . . . . . 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Pot.ere Potentilla erecta . . . . . . . . . . . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + . .
Pre.pur Prenanthes purpurea . . . . . . . . . . . r . . . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + r . . . . + . r . . . . . . . . 1 1 r + . . . .
Pri.aur Primula auricula . . 1 . 1 . . . . . 2 . + . 1 . 1 . . . . . . . . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + . . . . . . . . . . . . . . . .
P ri.ela Primula elatior . . . r . . . . . . . . . r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + . . . . . + . . . . . . . . . . . . . . . . . . . . . + . .
Pri.min Primula minima . . . . . . . . . . . . . . . . . . . . . . . . r . . . + . . . . . . . 1 . . . 1 1 . . . . . . . . . . . . r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
P ru.vul Prunella vulgaris . . . . . . . . . . . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + . . . . . . . . r + . r . . 1 .
Pse.alb Pseudorchis albida . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + . . . + . . . . . . + . . . . . . . + . . . . . . . . . . . + . . . .
Pul.alb Pulsatilla alba . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Pyr.med Pyrola media . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + . .
Ran.alp Ranunculus alpestris 2 2 . . 1 + 1 1 1 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Ran.lan Ranunculus lanuginosus . . . . . . . . . . . . . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Ran.ore Ranunculus breyninus . . . + . 1 . . . . . . . . . . . . . . . . . . . . . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Ran.pla Ranunculus platanifolius . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + . . . . . . . . . . . . . . . . . . . . . + . . . .
Ran.pse Ranunculus pseudomontanus . . . . 1 . r . r . . . . . r . 1 . 2 1 1 2 1 1 r 1 r . . . . . . . . . . . . . . . . . . . . . r . r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Ran.rep Ranunculus repens . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + . . . . . + . + . . . . . . . . . . . . . . . .
Ran.tho Ranunculus thora . . . . . . . . . r . . . . . . . . . . . . . . . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Rho.ros Rhodiola rosea . . . . . . . 1 . r . . . + . . . . . . . . . . . . r + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Rib.pet Ribes petraeum . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . +
Ros.pen Rosa pendulina . . . . . . . . . . . r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + . + . .
Rub.ida Rubus idaeus . . . 1 . . . . . . . + . + . . . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 . . . . . + . . . 1 . + . 2 . . . + . 1 . + . 3 . . . + . + 1 . . + . 1
Rub.sax Rubus saxatilis . . . . . . . . . . . 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 . .
Rum.ace Rumex acetosa . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . r . . . . . . . . . . . . . . . . . .
Rum.ari Rumex alpestris . . . . . . . . . . . . . . . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Sal.alp Salix alpina . . . . . . r + 1 + . . . . . . . . . . . . . + . 1 . 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Sal.her Salix herbacea . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Sal.ret Salix reticulata . . . . . . . + . 1 . . . . . . . . . . . . . + + . 1 + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Sal.sil Salix silesiaca . r . . . . . . . + . r . . . + . + . . . + . + . . . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + .  . + . . . . . . . + . r . 1 . + . . . . . + . + . r . .
Sam.rac Sambucus racemosa . . . + . . . . . . . . . . . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + . . . . . . . . . . . . . . . . . . . . . . . . . .
San.eur Sanicula europaea . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 + . . . . . . . . . . . . . . . . 1 + r + . . . +
Sax.ads Saxifraga adscendens . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Sax.azd Saxifraga aizoides . . . . . . . 1 . 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Sax.cae Saxifraga caesia 1 + . . . . 2 + r . . . . . . . . . . . . . . . . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Sax.mos Saxifraga moschata . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Sax.aiz Saxifraga fragilis . . . r . + 2 + 1 1 . . . . 2 . 1 . . . . . . . . 1 . 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Sax.wah Saxifraga carpatica . . . . . . . 1 . 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Sca.luc Scabiosa lucida 1 + . + r + + . . + 1 + 1 . 2 . 1 . 1 + + + . . . . . 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Scr.sco Scrophularia scopolii . . . . . . . . . . . . . . . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Sed.alp Sedum alpestre . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Sel.sel Selaginella selaginoides 1 1 . . 1 + 1 + 1 1 . . . . . . . . r . . . r + . 1 r + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Sem.mon Sempervivum montanum . . . . . . . . . . . . . . . . . . . . . . . . . . . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Sen.fch Senecio ovatus . . . . . . . . . . . . . + . . . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + . + . . . . . . . + . . . . . . . . . + . . . . . +
Sen.nem Senecio nemorensis . . . + . . . . . r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + . . . . . . . + . . . 1 . . . + . + . . . . . . . . . . . +
Sen.sub Jacobaea subalpina . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + . + . . . . . . . . . . . . . . . .
Ses.alb Sesleria caerulea . 1 . . . . . 1 . . . . . . . . . . . . . . . 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + . . . . . . . . . . . + . . . .
Ses.sad Sesleria sadlerana subsp. tatrae 2 1 2 1 2 1 1 1 2 + 3 1 3 . r . 1 . 1 1 2 1 1 2 1 2 1 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 . .
Sil.aca Silene acaulis . . . . . . 2 + 1 1 . . . . . . . . . . . . . . 1 + + + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Sil.dio Silene dioica . . . . . . . . . . . . . . . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + . . . . . . . . . . . . . . . . . . . . . +
Sil.pus Silene pusilla . . . . . . . + . + . . . . . . . 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Sol.car Soldanella carpatica r 1 . 1 . . r + 1 + . + . . . . . . r . r . 1 . 1 + 1 . . . . . . . . . r . . . . + . . . . . . . . r + r . . . r + r . 1 . 1 . 2 . 1 . . 1 + . 1 . 2 + 1 1 . . . . . . . . . 1 . + + + . .
Sld.alp Solidago virgaurea subsp. minuta . . . . . . . . . . . + . . . . . + . . . . . + . + . + . . . . . . . . . . . + . . . . . . . . . . . + . . . . . . . . . . . . . . . . . 1 . r . r . . . . . . . . . . . . . + . r . + . .
Sor.gla Sorbus aucuparia subsp. glabrata . . . 1 . . . . . . . + . 1 . . . 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + . . . + . . . + + 1 r + r + r + r + + + r + + + r 1 + + + + + + + 1
Ste.med Stellaria media . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Ste.nem Stellaria nemorum . . . . . . . . . . . . . + . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + . r . . . . . 2 . . . . . . . . . . . . . . . . . .
Str.amp Streptopus amplexifolius . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . r . . . . . . . . . . . . . . . . . .
Swe.per Swertia perennis . + . . . + r . r 1 . . . . . . . . . . . . . . . + . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + . . . . . . . . . . . . . . . . . .
Tar.off Taraxacum sect. Taraxacum . . . + . . . . . . . r . . . . . r_+ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . r . r . . . . . . . + . . . . . . . . . . . . . . . r
Tar.alp Taraxacum Sect. Alpina . . . . . . . . . . . . . . . . . . . . . . . . . . . . r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Tha.aqu Thalictrum aquilegiifolium . . . . . . . . . + . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + . . . . . + . . . . . . . . . . . . . . . . . . . . . . . .
The.alp Thesium alpinum . + . . . . . . . . r + 1 . 1 . . . . . . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Thy.pul Thymus pulcherrimus 1 + . + r 1 r + . . 3 1 1 . 2 . 2 . 2 1 2 2 2 2 1 1 1 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 . . . . . . . . . . . . . + . . . . . . . . . . . . . . . .
Tof.cal Tofieldia calyculata 1 2 + + 1 r r 1 r 1 r 1 + . . . . . . . . + . . . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . r . .
Tra.glo Traunsteinera globosa . . . . . . . . . . . . . . . . . . . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Tri.bad Trifolium badium . . . . . . . . . . . . . . . . . . . . . . . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Tri.pra Trifolium pratense . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . r . . . . . . . . . . . r . . . .
Trs.alp Trisetum alpestre 1 . + + r 1 1 + . + 1 1 + . 2 . 1 . 1 + + + 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + . . . .
Tus.far Tussilago farfara . . . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + . . . . . . . . . . . . . . . . . + . + . . . .
Urt.dio Urtica dioica . . . . . . . . . . . . . + . + . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + . . . + . . . . . . . + . . . . . . . . . . . . . . . . . +
Vac.myr Vaccinium myrtillus . . . + . . . . . . . 1 . . . . . + . . . . 1 2 1 2 r + . . 2 1 1 1 . . 1 + 1 2 . 2 r + r . 2 4 1 + 1 2 . . . . 5 3 4 4 2 4 1 . . 1 1 + r 1 1 2 1 1 1 2 2 2 4 5 3 4 4 4 3 3 1 2 1 1 2 2 1 1
Vac.gau Vaccinium uliginosum . . . . . . . . . . . . . . . . . . . . . . . . . + . . 1 . . . r + . + + . . . . 1 . . . . r 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Vac.vit Vaccinium vitis-idaea . . . + . + . . . . . 1 . . r . . + r . 1 . 2 1 2 2 2 + 2 3 1 3 2 2 1 1 2 + 1 1 1 2 1 . 1 2 2 2 1 1 . . . . . . . . . + . . . 1 . . . . . r r . 1 . + . 1 2 r . . . 2 + 1 . . . . . . 1 . .
Val.tri Valeriana tripteris . . . 1 . . . . . + . 1 . + . 1 . 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . r + . . . . . . r . . . . . . . . . . . 1 + r 1 . 1 . +
Ver.alb Veratrum lobelianum . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + . . . . . + . 2 . 1 . . . . . . . + . . . . . + . . . . . . . . . . . . . . . . . .
Vrc.alp Veronica alpina 1 . . . . . r + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Vrc.aph Veronica aphylla . r . . + . 1 . 1 + . . . . . . . . r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Vrc.cha Veronica chamaedrys . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + . + . . . . . + . . . . . . . . . . . . . . . . . .
Vrc.fru Veronica fruticans . . . . . . . . . . . . . . . . + . r . . 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Vrc.mon Veronica montana . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + . . . . . . . . . . . . . . . . . . . . . . . . . .
Vrc.off Veronica officinalis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 . . . . r + + + + + . . . . . . . . r + + . r . r +
Vrc.ser Veronica serpyllifolia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . r . . . . . . . . . . . . . . . . . .
Vio.bif Viola biflora . . . . . . . . . + . . . . . . . + . . . . . + . . . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + . . r . r + . . . . + + 1 . . . . . . . . . r . . . 1 . 1 .
Vio.rei Viola reichenbachiana . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 1 1 + 1 . 1 .
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Supplement E2. Results of DCA for each studied habitat and sampling date. For each analysis we passively fitted environmental 
vectors: ecological indicator values for light (EIV-L), moisture (EIV-M), soil fertility (EIV-N) and temperature (EIV-T), Shannon’s 
diversity index (shan) and community weighted means of canopy height (Cheight), leaf mass (Lmass) and seed number per shoot 
(snps). 

Anhang E2. Ergebnisse der DCA für jedes untersuchte Habitat und Aufnahmedatum. Für jede Analyse wurden Umweltvekotren 
passiv eingepasst: Zeigerwerte für Licht (EIV-L), Bodenfeuchte (EIV-M), Bodenstickstoff (EIV-N) und Temperatur (EIV-T), 
Shannon-Index der Diversität (shan) und gewichtete Mittelwerte der Bestandeshöhe (Cheight), Blattmasse (Lmass) und Samenzahl 
pro Spross (snps). 
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