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Introduction 

Since 1880 the global average temperature has increased by 0.85°C (Austrian 

Panel on Climate Change (APCC) 2014). The magnitude of warming did, 

however, vary across space with temperate mountain ranges like the European 

Alps being particularly affected (c. +2°C, APCC (2014)). Due to this more 

pronounced temperature increase and the ‘nowhere-to-go’ situation mountain 

biodiversity is considered to be particularly vulnerable to climate change 

(Nogués-Bravo et al. 2007; Loarie et al. 2009). Indeed, evidence for surprisingly 

rapid changes to plant species distributions and plant community composition 

have been reported from high mountain areas during the recent decades (e.g. 

Grabherr et al. 1994; Walther et al. 2005; Pauli et al. 2007, 2012; Holzinger et 

al. 2008; Parolo & Rossi 2008; Vittoz et al. 2009; Odland et al. 2010; Gottfried 

et al. 2012; Kopp & Cleland 2014) and grim projections on the possible future of 

European alpine plant diversity under predicted 21st century climatic trends 

have been published (Thuiller et al. 2005; Engler et al. 2011; Dullinger et al. 

2012). 

Recent range dynamics of mountain plants and their interpretation are, 

however, less unambiguous than it might seem at first glance. First, not all 

species have shifted their ranges upward, as one would expect under warming, 

but many species did not change their distribution and a sizable minority has 

even moved in the opposite direction. Some of these downward shifts are likely 

driven by changes to precipitation rather than temperature (Crimmins et al. 

2011), but many others are not readily explainable by climatic alterations 

(Lenoir et al. 2010). Second, attempts to correlate observed upward shifts to 

measured temperature trends have also delivered equivocal results (Gottfried et 

al. 2012; Grytnes et al. 2014) and alternative drivers of mountain plant species 

movement have hence been discussed (Kammer et al. 2007). Third, projections 

of severe loss of alpine plant species have been challenged by demonstrating 

the extremely pronounced microclimatic variation in alpine terrain: this variability 

suggests that species might easily find safe sites nearby in addition to moving 

upwards by several hundred altitudinal meters when climate warms (Scherrer & 

Körner 2011). Finally, the majority of studies reporting changes to alpine plant 

distributions have concentrated on a very peculiar topographical position in the 



 

8 

In
tro

d
u

c
tio

n
 

alpine landscape, namely on summits, by either repeating historical mountain 

top surveys (e.g. Grabherr et al. 1994; Grytnes et al. 2014) or by using recently 

established monitoring sites (Gottfried et al. 2012; Grytnes et al. 2014). 

Uppermost peaks often represent exposed, wind-swept sites, however, with 

less than average snow depth in winter, earlier melt-out in spring and a 

relatively scarce vegetation cover. Summit vegetation should hence be exposed 

to low temperature stress more pronouncedly than many other habitats in alpine 

terrain and its amelioration by a warming climate thus particularly effective. 

Moreover, the low vegetation cover could decrease biotic resistance against 

colonization by new species (Olsen & Klanderud 2014). As a corollary, 

dynamics of summit floras are not necessarily representative for changes at 

other sites of the alpine landscape, or for recent trends of the “average” alpine 

vegetation.  

In this paper we shift the focus from mountain tops to this “average” alpine 

vegetation by revisiting sampling plots from typical calcareous alpine grassland 

and snowbed sites which, together, predominate in the alpine belt of the 

Calcareous Alps (Ellenberg 2009). We analysed these re-samples on changes 

in α-, β- and γ-diversity as well as on indicator values for temperature and on 

the average height of the component species. We ask whether trends in these 

community attributes have changed within the approximately 20 years between 

original and resurvey and if so, whether these trends were consistent among 

communities. 
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Methods 

Study area 

The study area covers the upper subalpine and alpine belts of four neighboring 

mountain ranges of the Northeastern Austrian Alps (Mt. Hochschwab, Mt. 

Schneealpe, Mt. Rax and Mt. Schneeberg, 15° E to 16° E and 47°30’ N to 

47°50’ N, approximately 150 km²). The whole mountain system is formed by 

Mesozoic limestone and dolomites. Summit heights vary between 1900 and 

2300 m asl.. Climatic conditions are temperate humid. The vegetation is 

characterized by a mosaic of prostrate pine (Pinus mugo Turra) shrubland and 

different grassland types at the treeline. Above the treeline, grasslands 

dominated by either Carex firma Host or by Carex sempervirens Vill. and 

Sesleria albicans Kit. ex Schult. prevail, together with rock and scree substrates 

sparsely covered by herbaceous plant communities. 

In the region (weather station Reichenau/Rax; www.zamg.ac.at/histalp) mean 

annual temperature (1985- 2013) increased by 0,3°C compared to the period 

1961-1990, summer temperature (June to August) increased by the same 

amount, winter (December to February) temperature by 0.2°C(cf. Fig. 1), 

Focusing on shorter intervals, the years preceding our re-sample (2000-2013) 

had an annual mean temperature exceeding the mean of 1985-1999 by 0.8°C. 
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Figure 1: Deviation between the monthly mean temperature from 1985 to 2013 and the monthly 
mean temperature of the period 1961-1990 (grayish line) recorded in the weather station 
Reichenau/Rax. The black line represents the moving average over a period of 10 years. (data: 
www.zamg.ac.at).  

Annual precipitation sums increased by 23% from 811mm (period 1961-1990) 

to 995mm (1995-2013), trends were similar for the summer (19mm, 18%) and 

winter (9mm, 19%) months. In the period 2000-2013 annual precipitation sums 

increased by 10% (105mm) compared to the period 1985-1999 (cf. Figure 2). 
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Figure 2: Monthly sums of precipitation recorded at the weather station Reichenau/Rax, illustrated 
as deviation from the mean monthly sums of the period 1961 to 1990 (grayish line) and the moving 
average over a period of 10 years (black line). (data: www.zamg.ac.at/histalp) 

Original sampling 

During the second half of the 1990ies, the vegetation of the study area had 

been mapped (Dirnböck et al. 1999; Dirnböck & Greimler 1999; Dullinger et al. 

2001). Mapping was based on a classification of the regional vegetation types 

derived from their species composition (cf. Grabherr & Mucina 1993). For 

defining the respective mapping units a set of vegetation samples was collected 

in the years 1995 – 1999 following standard syntaxonomical techniques (Braun-

Blanquet 1964): sample location was determined subjectively regarding 

homogeneity of the vegetation structure and species composition and 

representation of all habitats in the area. Sample size was variable, but mostly 

~25 m² for grasslands, rock, scree and snowbeds. Within the plots, all plant 

species present were recorded and abundance was estimated using an ordinal 

scale according to Braun-Blanquet (1964). The position of all relevés was either 
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marked on an Infrared (IR) or Black and White (BW) orthophoto (scale 1:5000 – 

1.10000) or registered by a GPS (GARMIN E-TREXc, mean Root Mean Square 

Error: 7.5 m). Subsequently, all relevés were syntaxonomically classified 

according to Mucina & Grabherr (1993 a), Grabherr & Mucina (1993)and 

Mucina & Grabherr (1993 b) and stored in a database as well as in a GIS point 

file. 

Re-sampling strategy 

We focused resampling on the two predominant grassland types of the area, i.e. 

grasslands of Carex firma Horst (Caricetum firmae Rübel 1911, henceforth: CF) 

and Carex sempervirens Vill. (Seslerio-Caricetum sempervirentis Br.-Bl. in Br.-

Bl. et Jenny 1926, CS), and the most widespread snowbed community 

(Campanulo pullae-Achilleetum clusianae Englisch 1993, CA). CF and CS are 

important types of calcareous alpine grasslands throughout the European Alps 

with CF covering wind-swept ridges and plateaus as well as steep north facing 

slopes, while CS is commonly found on south-facing slopes which are protected 

by snow in winter but are warm and sunny during the vegetation period, with 

occasional drought stress in late summer (Dirnböck et al. 1999). By contrast, 

CA is restricted to the northeastern Calcareous Alps of Austria (because the 

dominant species, Campanula pulla L. and Achillea clusiana Tausch are 

regional endemics) and is a typical element of calcareous scree covered by 

snow until early summer (~ end of June). From these communities we randomly 

selected 60 (for CF and CS) and 40 (for CA) original relevés from the database. 

During summer 2013, we tried to resample all the selected relevés, but 

accessibility and time constraints limited the actual number of resamples to 41, 

28 and 22 for CF, CS and CA, respectively 

Defining the location of re-sampling plots was a two-step process. First, the 

approximate position was determined based on the geographical coordinates 

associated with the relevé. Second, the exact position was defined such that, as 

in the original sample, a homogeneous area of the same vegetation type was 

selected as close to the coordinate location as possible. We are aware that the 

restriction of re-sampling to homogeneous areas of the original vegetation type 

is a conservative approach in the sense that more profound changes to 

community structure, and in particular to the dominance of the prevalent 

species, must go undetected. However, as the time between sampling and re-



 

13 

M
e

th
o

d
s
 

sampling was relatively short, we considered such more profound changes 

unlikely and, indeed, we found the respective vegetation types close to all 

coordinates. Moreover, we were particularly interested in changes within these 

communities. 

The selected plot area had the same same size as the original relevé and was 

recorded using the same methods (Braun-Blanquet 1964). The coordinates of 

the re-sampling plots were stored in a GIS and a photograph of the plot was 

taken in addition. 

Analysis 

Original samples and re-samples were compared with respect to their α-,  β- 

and γ- diversity, their mean indicator values of temperature, moisture, pH, and 

nutrient supply, as well as on one important functional trait, namely the mean 

height of the constituent species.  

We defined α-diversity as species richness, i.e. as the number of vascular 

plants within each plot and compared original and re-samples by means of 

paired t-tests or Kruskal-Wallis rank-sum tests, if requirements of homogenous 

variances and normality were not met. β-diversity was calculated by means of a 

pairwise compositional dissimilarity index, actually a complement of the 

Simpson index:  

∆𝑐𝑗𝑘 = 1 −
𝑎𝑗𝑘

𝑎𝑗𝑘+min⁡(𝑏𝑗,𝑐𝑘)
, (1) 

with ajk the number of species shared by plot j and k, bj the number of species 

unique in plot j, and ck the number of species unique in plot k. We calculated 

this index for each possible pair of relevés from one community (CF, CS, CA) 

for either the original or the re-sampled plots and subsequently averaged the 

values for each relevé, i.e. the β-diversity of relevé j was defined as its mean 

compositional dissimilarity with all other relevés of the same community in the 

original or re-sampled relevé-pool, respectively. Finally, original and re-samples 

were compared with respect to β-diversity by t-tests or Kruskal-Wallis tests 

again. Besides we used the function beta.temp (R package betapart) to 

examine whether the changes between the years were driven by species 

turnover or nestedness. 
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γ-diversity was actually defined as the habitat-specific realized species pool 

which was calculated by accumulation curves for each community and sampling 

campaign. Subsequently, estimated true overall species richness and its .95 

confidence intervals were calculated based on a bootstrapping approach 

(Oksanen 2011).  

Indicator values for each relevé were calculated as unweighted means of 

species-specific Landolt indicator values derived from the Flora Vegetativa 

(Landolt 2010). Moreover, we assigned each species a mean height value 

based on traits data in (Fischer et al. 2008) and calculated the mean height of 

all the species within a relevé. As mean height of species normally decreases 

with temperature along the elevation gradient, we assumed that under a 

warming climate this value should have increased. Indicator and height values 

of original and re-sampled datasets were finally compared by t-tests and 

Kruskal-Wallis tests, as in the case of α- and β-diversity. 
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Results 

Alpha Diversity 

Figure 3: Comparison of the mean number of species between the original plots collected in the 
late 1990ies (grey boxes) and re- samples from 2013 (white boxes) of the target communities; CA – 
Campanulo pullae-Achilleetum clusianae, CF – Caricetum firmae, CS – Seslerio-Caricetum 
sempervirentis. 

Changes in α- diversity between the 1990ties and 2013 differed among 

communities (Figure 3): the mean number of species of CA (X²= 0.72, p=0.39) 

and CS (X²= 1.72, p=0.13) decreased, but the trends were not statistically 

significant. By contrast, average species richness of CF samples increased 

significantly (t=-2.4, p=0.01) from 26 (1990) to 29 (2013). 
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Beta Diversity 

 

 

Figure 4: Comparison of the means of the pairwise compositional dissimilarity index between the 
original plots (grey boxes) and the re- sampling plots (white boxes) of the target communities (CA 
– Campanulo pullae-Achilleetum clusianae, CF – Caricetum firmae, CS – Seslerio-Caricetum 
sempervirentis). 

For CA (from 0.51 in1990 to 0.61 in 2013, t=-7.18, p<0.01) and CS (0.53 to 

0.60, X²=6.79, p<0.01) mean dissimilarity in species composition increased 

significantly while there was no trend detectable for CF (Figures 4: X²=0.59, 

p=0.44). Disentangling the turnover and nestedness components indicated that 

changes in species composition between sampling campaigns were nearly 

exclusively driven by turnover (Table 1). 

Table 1: Sorenson-, Simpson dissimilarity index and the nestedness of Campanulo pullae-
Achilleetum clusianae (CA), Caricetum firmae (CF) and Seslerio-Caricetum sempervirentis (CS). 

 CA CF CS 

Sorenson  0.59 0.47 0.52 

Simpson 0.55 0.41 0.45 

Nestedness 0.04 0.06 0.03 
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Gamma Diversity 

 

Figure 5: Accumulation curves and estimated total number of species across the whole dataset, 
grouped by the sampling year: (a) original sites of the late 1990ies, (b) re- sampling sites 2013. The 
total number of species was assessed by the bootstrap estimator.  

The number of species recorded across all vegetation types was slightly lower 

in 2013 (242 sp.) than in 1990 (254 sp.) (Figure 5). True realized species pools 

were estimated as 281±9 for 1990 270±8 for 2013 respectively and were hence 

not significantly different. 
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Figure 6: Accumulation curves and estimated total number of species, in the studied plant 
communities: CA – Campanulo pullae-Achilleetum clusianae, CF – Caricetum firmae, CS – Seslerio-
Caricetum sempervirentis. The total number of species was assessed by the bootstrap estimator.  

Recorded species numbers were lowest in snowbeds (116 (1990) vs. 126 

(2013)) followed by Caricetum firmae (125 in 1990 and 151 in 2013) and 

Seslerio-Caricetum sempervirentis (204 (1990) and 189 (2013)). For the 

respective realized species pool estimates were 131±5 (1990) and 145±6 

(2013) for snowbeds, 138±5 (1990) and 170±8 (2013) for Caricetum firmae and 

235±10 (1990) and 214±8 (2013) for Seslerio-Caricetum sempervirentis (Figure 

6). For all three communities realized species pools hence differed significantly 

among years with an increase in case of CA and CF, and a decrease in case of 

CS. 
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Indicator values 

Temperature 

 

Figure 7: Averaged temperature indicator values of the species assembled in the original (grey 
boxes) and re-sampled (white boxes) plots of the three target community types. CA – Campanulo 
pullae-Achilleetum clusianae, CF – Caricetum firmae, CS – Seslerio-Caricetum sempervirentis. 
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Moisture 

 

Figure 8: Averaged moisture indicator values of the species assembled in the original (grey boxes) 
and re-sampled (white boxes) plots of the three target community types. CA – Campanulo pullae-
Achilleetum clusianae, CF – Caricetum firmae, CS – Seslerio-Caricetum sempervirentis. 

With respect to indicator values, we found consistent trends only for 

temperature: T- values increased for all three communities between the mid 

1990ies and 2013 (Figure 7) even if that increase was only significant for CA 

(X²=4.57, p=0.03) and CF (t=-5.06, p<0.01), but not for CS (X²=1.07, p= 0.3). . 

By contrast, divergent trends were detected in case of moisture indicator values 

(Figure 8) which increased in CF (X²=8.6, p<0.01) but decreased in CA 

(X²=4.45, p=0.03) and did not change significantly in case of CS (X²=0.62, 

p=0.43). Finally, nutrient values increased in case of CF(X²=6.67, p=0.01) and 

soil acidity values in case of CACA, X²=10.98, p<0.01). 
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Mean height 

 

Figure 9: Average mean height of the species assembled in the originally sampled (grey boxes) 
and the re-sampled (white boxes) plots of the three target communities,. The outliers represent 
plots with tree species. CA – Campanulo pullae-Achilleetum clusianae, CF – Caricetum firmae, CS – 
Seslerio-Caricetum sempervirentis. 

The mean (potential) height (Figure 9) of the plant species found within the 

samples increased significantly from 11.9 to 14.1 cm (t=-4.52, p<0.01) in case 

of CF, but did not change for the other two communities. 
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Discussion 

Taken together, our results indicate that recent changes to temperate high 

mountain plant communities are less consistent as the relatively unambiguous 

patterns found in re-surveys of mountain top floras (e.g. Gottfried et al. 2012; 

Pauli et al. 2012) might suggest. None of the analyzed attributes showed trends 

that are uniform across all studied communities. 

The changes we found are rather unambiguously interpretable in case of the 

Carex firma grasslands: species richness, the average T, M, and N-value, γ- 

diversity, and the mean (potential) plant height all have increased. The mean 

number of species has increased by 3 (11.5%) and the resultant rate of 8,8% 

new species per decade is comparable to and thus confirm the rates published 

in other studies (Cannone (2014): 6.48%, Holzinger (2008): 3 species/decade, 

Pauli (2007): 10,6%). These trends in CF are consistent with the interpretation 

that taller growing species adapted to warmer conditions are colonizing this 

community from areas at lower elevations while a possible simultaneous loss of 

cold-adapted species was not able to outweigh the species increase. The 

concomitant rise of moisture and nutrient indicator values might be a 

consequence of increased winter precipitation as deeper snow cover has been 

shown to improve nutrient and water supply, at least during the early growing 

season (Rumpf et al. 2014). 

We recall that, among those communities analyzed, the Caricetum firmae is 

most constrained by cold temperatures since it is bound to wind exposed sites 

with a short or even a lack of protective snow cover. The prevalent growth form 

of Carex firma grasslands are cushions – even the sedge Carex firma itself has 

a cushion-like growth – or tiny herbs that may exploit more favorable 

microclimatic conditions near the ground, between and within cushions 

(Grabherr & Mucina 1993; Butterfield et al. 2013). We assume that warmer 

winters significantly ameliorated the harsh conditions at these wind-swept sites 

and hence allowed less cold-resistant species to invade. In line with such an 

interpretation, though more anecdotal, the increase of tree recruits in these 

grasslands was conspicuous. There were only two records of a tree species 

(Pinus mugo Turra) in this community in the mid 90-ies, but eleven such records 
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of already three different species (6 Pinus mugo, 3 Picea abies H.Karst. and 2 

Larix decidua Mill.) in 2013. We also note that the abiotic conditions under 

which this community commonly grows is most similar to those of mountain 

summits and that our results hence support the body of mountain-top resurveys 

that have reported increasing species numbers on temporal and boreal summits 

during the recent decades (Grabherr et al. 1994; Klanderud & Birks 2003; 

Kudernatsch 2005; Pauli et al. 2007; Odland et al. 2010; Gottfried et al. 2012; 

Pauli et al. 2012; Cannone & Pignatti 2014). 

For the two other communities the trends we found are less consistent with 

expected effects of climate alterations. In case of Carex sempervirens 

grassland, neither mean number of species, nor one of the indicator values 

changed in a statistically significant way, but differences in species composition 

among plots increased and overall species pool size decreased. We 

hypothesize that the apparently higher resistance against immigration of new 

species might be due to more intense competition in this community. Actually, 

the Seslerio-Caricetum sempervirentis prefers south facing slopes and is the 

community thriving under the most favorable climatic conditions among those 

analyzed, with a protective snow cover during most of the winter season and a 

maximum of solar radiation input during the growing season. According to the 

stress-gradient hypothesis (Brooker & Callaghan 1998), which has largely been 

corroborated in alpine environments (Choler et al. 2001; Callaway et al. 2002; 

Dullinger et al. 2007), the intensity of competition should increase under such 

more benign conditions. Moreover, the (potential) plant height is higher in this 

grassland type than in the Caricetum firmae and the snowbeds, also indicating 

that competition, for light in particular, might be more pronounced in this 

community. Finally, original species numbers were highest in the Carex 

sempervirens grasslands and Olsen & Klanderud (2014) have recently 

demonstrated that the resistance of alpine grassland communities to 

colonization by new species is strongly linked to initial species richness. In their 

study, the more species in the community the less susceptible the community 

was against new invaders and this relationship became even stronger under 

(experimental) warming, probably because growth and vigor of resident species 

increased.  
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The decreased size of the realized species pool in CS, on the other hand, 

suggests that some species have actually been lost from the community, and 

the slight, though not significant increase in temperature and decrease in 

moisture indicator values suggest that the lost species are primarily those 

adapted to cooler and moister conditions (e.g. Lotus alpinus Ser, Silene pusilla 

Waldst. & Kit, Valeriana montana L). In summary, the trends for CS suggest 

that a warming climate had some effect, but that this community is much more 

resistant against changes in species composition, and in particular against 

colonization by new species, than CF (and CA). 

By contrast to Carex sempervirens grasslands, species numbers and vegetation 

cover are usually low in snowbed communities and biotic resistance to invasion 

of new colonizers should hence also be lower (Vittoz et al. 2009). One might 

hence expect snowbed sites to show particularly strong increases in α-diversity 

(Spasojevic et al. 2013; Grytnes et al. 2014). In our study, however, the mean 

species number of snowbed sites has not changed significantly during the last 

two decades, while the overall size of the species pool as well as the 

compositional dissimilarity among plots have increased. Put it another way, 

there are more species occurring in snowbed sites in 2013 than in the 1900ies 

but, nevertheless, the mean number of species per plot remained constant. As 

suggested by increasing temperature indicator values the new colonizers were 

coming from below or from warmer sites in the neighborhood indicating that the 

warming climate was at least one driver of the observed trends. Why this 

enrichment of the overall species pool did not result into higher mean α-diversity 

is less obvious. It might be that some parallel loss of species has been triggered 

by earlier snowmelt which potentially exposed sensitive snowbed species to 

spring or early summer (night) frosts they are not adapted to (e.g. Inouye 2008; 

Wipf et al. 2009) or which reduced water availability during the vegetation 

period (Ostler et al. 1982; Rumpf et al. 2014). In line with the latter assumption, 

the mean moisture indicator value of the re-sampled plots has actually 

decreased. In addition, most of the snowbed communities in the study area are 

thriving on steep debris slopes which offer a quite unstable substrate 

characterized by frequent small-scale slides and rock falls. These disturbance 

events probably trigger random species loss and turnover that might have 

contributed to keep mean α-diversity constant. 
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Besides Landolt T-values and mean potential plant height, β-diversity was an 

index that changed relatively consistently across communities: it was constant 

in Caricetum firmae and increased in Carex sempervirens grasslands and 

snowbeds. These findings suggest that the species composition of typical plant 

communities of the area, and the Northern Calcareous Alps as a whole, tend to 

become less homogeneous. Such a result differs from studies that rather found 

trends towards biological homogenization during the recent decades, e.g. in 

Scottish upland vegetation (Ross et al. 2012). However, this homogenization 

was apparently driven by acidification and intensive grazing at least as much as 

by a warming climate, two trends, which are unimportant in our study area as 

grazing intensity is generally low and has not changed much during the last two 

decades and Ellenberg values do not provide any indication of acidification. 

With climate as the main driver, and under the generally assumed individualistic 

movement of single species under climate warming (e.g. Thuiller et al. 2005; 

Pauli et al. 2007; Parolo & Rossi 2008; Engler et al. 2011; Dullinger et al. 2012; 

Garamvölgyi & Hufnagel 2013) we would actually expect increasing dissimilarity 

among individual realizations of community types, at least transiently, because 

local turnover depends on variable local propagule availability and priority 

effects. Put it another way, in a phase of transient disequilibrium between 

vegetation and climate (Svenning & Sandel 2013) ‘random’ or dispersal driven 

assembly processes will probably increase in importance as opposed to niche-

based, ‘deterministic’ assembly. Such randomness in species composition of 

particular habitats might actually decrease again, though with species 

combinations different from today, if climatic conditions eventually stabilize 

(Theurillat et al. 1998).  

In summary, our results suggest that there has been some dynamics in the high 

mountain grassland and snowbed vegetation of the study area during the last 

two decades and that climate warming is a likely driver of these dynamics. 

However, biodiversity metrics of the studied communities showed trends that 

were less uniform than expected. A combination of various factors including 

differential exposition to temperature extremes, varied biotic resistance against 

invasion of new species and differences in natural disturbance frequencies and 

associated species turnover might combine in driving these divergent, 

community-specific trends. Whatever the precise reasons, a more 

comprehensive look on recent changes in high mountain vegetation suggests 
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that these changes may be highly heterogeneous even across communities of 

one single mountain range. The trends dominating on temperate and boreal 

mountain tops can hence not easily be extrapolated to all the vegetation of the 

respective mountain ranges. 
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Figures and Tables 

Figure 1: Deviation between the monthly mean temperature from 1985 to 2013 and the 
monthly mean temperature of the period 1961-1990 (grayish line) recorded in the 
weather station Reichenau/Rax. The black line represents the moving average over 
a period of 10 years. (data: www.zamg.ac.at). 10 

Figure 2:Monthly sums of precipitation recorded at the weather station Reichenau/Rax, 
illustrated as deviation from the mean monthly sums of the period 1961 to 1990 
(grayish line) and the moving average over a period of 10 years (black line). (data: 
www.zamg.ac.at/histalp) 11 

Figure 3: The Boxplots illustrate the comparison of the mean number of species between 
the original plots collected in the late 1990ies (grey boxes) and re- samples from 
2013 (white boxes) of the target communities; CA – Campanulo pullae-Achilleetum 
clusianae, CF – Caricetum firmae, CS – Seslerio-Caricetum sempervirentis. 15 

Figure 4: Comparison of the means of the pairwise compositional dissimilarity index 
between the original plots (grey boxes) and the re- sampling plots (white boxes) 
within the target communities (CA – Campanulo pullae-Achilleetum clusianae, CF – 
Caricetum firmae, CS – Seslerio-Caricetum sempervirentis). 16 

Figure 5: Accumulation curves of the estimated total number of species across the whole 
dataset, grouped by the sampling year: (a) original sites of the late 1990ies, (b) re- 
sampling sites 2013. The total number of species was assessed by the Bootstrap 
estimator. 17 

Figure 6: Accumulation curves of the estimated total number of species, pooled by plant 
community: CA – Campanulo pullae-Achilleetum clusianae, CF – Caricetum firmae, 
CS – Seslerio-Caricetum sempervirentis. The total number of species was assessed 
by the Bootstrap estimator. 18 

Figure 7: The boxplots illustrate the mean temperature indicator value of the average of the 
respective plots, grey boxes from the original, white from the re-sampling sites. CA 
– Campanulo pullae-Achilleetum clusianae, CF – Caricetum firmae, CS – Seslerio-
Caricetum sempervirentis. 19 

Figure 8: The boxplots illustrate the mean moisture indicator value of the average of the 
respective plots, grey boxes from the original, white from the re-sampling sites. CA 
– Campanulo pullae-Achilleetum clusianae, CF – Caricetum firmae, CS – Seslerio-
Caricetum sempervirentis. 20 

Figure 9: Boxplots of the average of the mean height of the single plots, grey boxes from the 
original, white from the re-sampling sites. The outliers represent plots with tree 
species. CA – Campanulo pullae-Achilleetum clusianae, CF – Caricetum firmae, CS 
– Seslerio-Caricetum sempervirentis. 21 

Table 1: Sorenson-, Simpson dissimilarity index and the nestedness of Campanulo pullae-
Achilleetum clusianae (CA), Caricetum firmae (CF) and Seslerio-Caricetum 
sempervirentis (CS). 16 

Table 2: Comparison of the mean indicator values and the mean height between the two 
sampling years. T…temperature, M…Moisture, N…nitrogen, R…reaction, h…mean 
height. 35 

Table 3: List of all recorded plots with teir descriptive parameters (coordinates, altitude, 
exposition, slope, size and vegetation cover) 36 

Table 4: Species list of Campanulo pullae-Achilleetum clusianae of both investigation 
periods. a…1990, b…2013 39 

Table 5: Species list of Caricetum firmae of both investigation periods. a…1990, b…2013 43 

Table 6: Species list of Seslerio-Caricetum sempervirentis of both investigation periods. 
a…1990, b…2013 51 



 

 

Appendix 

Appendix 1: German Abstract (Zusammenfassung) 

Aktuelle Forschungen zeigen, dass sich die Flora der europäischen 

Gebirgsregionen im Wandel befindet, die Klimaerwärmung wird oft als 

Hauptfaktor für die Veränderungen genannt. Gipfelregionen wurden besonders 

häufig untersucht, allerdings lassen sich die beobachteten Trends scheinbar 

nicht auf die alpine Vegetation übertragen. In dieser Arbeit untersuchte ich die 

Entwicklung von drei, für die nördlichen Kalkalpen typische, 

Pflanzengesellschaften, dem Campanulo pullae-Achilleetum clusianae 

Englisch, dem Caricetum firmae Rübel und dem Seslerio-Caricetum 

sempervirentis Br.-Bl.. Im Zuge einer Vegetationskartierung von dem 

Hochschwab, der Rax, dem Schneeberg und der Schneealpe wurden zwischen 

1995 und 1999 die Ausgangsdaten für meine Untersuchung aufgenommen, im 

Sommer 2013 wiederholte ich 91 Aufnahmen. Ich untersuchte die Daten auf 

Veränderungen der α-, β-, γ- Diversität, ökologischen Zeigerwerte (Landolt) und 

der durchschnittlichen natürlichen Wuchshöhen. In den untersuchten 

Gesellschaften sind die β- Diversität, die Temperatur Zeigerwerte und die 

Wuchshöhe zumeist angestiegen. Diese Trends lassen vermuten, dass der 

Temperaturanstieg, neben anderen gerichteten und zufälligen Faktoren, 

wesentlich für zunehmende Heterogenität innerhalb der Gesellschaften 

verantwortlich ist. Die α- und γ- Diversität, sowie die anderen Zeigerwerte 

zeigen deutliche Unterschiede zwischen den Gesellschaften, welche sich durch 

unterschiedliche Resistenz erklären lassen, sowohl gegenüber neuen, 

eindringenden Arten als auch gegenüber den natürlichen Störungen. In den 

letzten zwei Dekaden veränderten sich die alpinen Rasen- und 

Schneebodengesellschaften im Untersuchungsgebiet, ein wesentlicher Faktor 

für die Veränderungen ist der Anstieg der Temperatur. Die Diversitätsindices, 

der jeweiligen Gesellschaften, zeigen allerdings uneinheitlichere Ergebnisse als 

man erwarten durfte. Daraus schließe ich, dass Trends, welche auf temperaten 

und borealen Berggipfel beobachtet werden, nicht auf die die gesamte 

Vegetation der entsprechenden Gebirgsregion übertragen werden kann.  



 

 

 Appendix 2: Abstract 

Recent research has highlighted pronounced changes to the flora of European 

mountain tops and ongoing climate warming has been hypothesized to be a 

main driver of these changes. Mountain tops, however, represent a particular 

habitat type in high mountain landscapes and the observed trends might hence 

differ in other parts of alpine vegetation. In this study, I analyzed recent changes 

in three typical alpine plant communities of the Northern Calcareous Alps, 

namely the Campanulo pullae-Achilleetum clusianae Englisch, the Caricetum 

firmae Rübel and the Seslerio-Caricetum sempervirentis Br.-Bl.. The original 

data was collected between 1995 and 1999 on Mt. Hochschwab, Mt. Rax, Mt. 

Schneealpe and Mt. Schneeberg. In summer 2013, I resampled 91 of these 

plots and analyzed the data for changes in α-, β-, γ- diversity, as well as in 

ecological indicator values (Landolt) and in potential mean plant height. I found 

relatively consistent trends in β-diversity, temperature indicator values and 

potential plant height, which mostly increased in all three plant communities 

suggesting that the warming climate drives a species turnover that, among 

other factors, depends on priority effects and random dispersal processes and 

hence increases compositional dissimilarity among communities. By contrast, α- 

and γ-diversity, as well as the other indicator values, showed marked 

differences among the three studied communities which might be due to 

differences in biotic resistance against colonization by new species as well as in 

natural disturbance regimes. In summary, there has been some dynamics in the 

high mountain grassland and snowbed vegetation of the study area during the 

last two decades and climate warming is a likely driver of these dynamics. 

However, biodiversity metrics of the studied communities showed trends that 

were less uniform than expected. I conclude that the trends dominating on 

temperate and boreal mountain tops cannot easily be extrapolated to all the 

vegetation of the respective mountain ranges. 

  



 

 

 

Appendix 3: Indicator values 

Table 2: Comparison of the mean indicator values and the mean height between the two sampling 
years. T…temperature, M…Moisture, N…nitrogen, R…reaction, h…mean height.  

 CA CF CS 

  p 1990 2013  p 1990 2013  p 1990 2013 

T X²=4.57 0.03 1.55 1.66 t=-5.06 <0.01 1.54 1.62 X²=1.07 0.3 1.92 1.97 

M X²=4.45 0.03 2.94 2.84 X²=8.6 <0.01 2.55 2.65 X²=0.62 0.43 2.65 2.60 

N X²=2.46 0.12 2.22 2.1o X²=6.67 0.01 1.83 1.88 X²=0.24 0.63 2.10 2.13 

R X²=10.98 <0.01 3.80 4.06 X²=0 0.99 4.16 4.17 X²=0.47 0.49 3.89 3.94 

h t=-1.76 0.09 12.84 13.63 t=-4.52 <0.01 11.90 14.10 X²=1.20 0.27 16.76 20.69 

 

  



 

 

 Appendix 4: List of all recorded plots and species lists 
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Appendix 5: Curriculum Vitae (Lebenslauf) 

Persönliches 

Alexander Gritsch 

Ausbildung 

Volks- und Hauptschule der Dominikanerinnen Sept 1991- Jun 1999 

Höhere technische Bundeslehr- und Versuchsanstalt 

Technologisches Gewerbemuseum (TGM) 

Sept 1999- Jun 2004 

Reife- und Diplomprüfung 9. Juni 2004

Technische Universität Wien 

Studienrichtung: Verfahrenstechnik 

Okt 2004- Apr 2007 

Universität Wien 

Studienrichtung: Biologie 

seit Oktober 2007 

Verleihung: Ingenieur 9. Oktober 2008

Abschluss: Bachelor of Science 18. August 2011

Zivildienst 

Rettungs- und Krankentransportwesen 

Rotes Kreuz Bezirksstelle Purkersdorf-Gablitz 

Feb 2005- Jan 2006 

Berufserfahrung 

Kaufmännischer Angestellter 

IBM Austria 

Juli 2001 

Ferialpraktikant 

Heinrich Musil GmbH 

Juli 2002 und Juli 2003 

Labormitarbeiter 

Staatliche Versuchsanstalt TGM 

Jul 2004- Jan 2005; 

Feb 2006- Sept 2009 

Rettungs- und Krankentransportdienst 

Rotes Kreuz Bezirksstelle Purkersdorf-Gablitz 

seit Juli 2009 

Engagements 

Ehrenamtlicher Mitarbeiter 

Rotes Kreuz Bezirksstelle Purkersdorf-Gablitz 

seit Februar 2006 

Biosphere Volunteer 

Biosphärenpark Wienerwald 

diverse Pflegetermine 

Zusatzqualifikationen 

A, B Führerschein 

Auto CAD, ArcGIS, MS Office, Pro Engineer, R EDV 

Englisch Sprachen 
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