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Abstract 

Mountain pastures, a characteristic element of the Austrian cultural landscape, cover large parts in protected 
areas. In our study, we analysed the impact of management and abandonment of mountain pastures on 
phytodiversity in Gesaeuse National Park (Styria, Austria). Furthermore the effects of short-term shifts in 
management or climate change were investigated. Permanent plots were used to detect changes in plant species 
composition and plant species richness of managed and abandoned mountain pastures. Monitoring was realised 
in an eleven years timescale (2005-2016). A phytosociological characterization was performed. Additional 
analyses with indicator values were implemented. The relevance for nature protection was assessed with 
biodiversity indices (number of vascular plant species, Shannon diversity index and Evenness). 
 
The plant species composition showed a few differences at each plot. No significant changes of phytodiversity have 
been observed during the monitoring period. Trends are visible. The highest phytodiversity was observed in plots 
of managed mountain pastures. Plant species richness and Shannon diversity index in plots of abandoned 
mountain pastures were significantly lower. In some abandoned mountain pastures heavy browsing by wild 
animals was observed. There, a high number of vascular plant species was found. No effects of climate change 
were observed. From nature conservation point of view, an extensive, site-adapted management should be 
continued in the Gesaeuse National Park. 
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Introduction 

Mountain pastures are a characteristic element of the Austrian cultural landscape. They often cover large parts in 
protected areas such as National Parks. Due to their diverse small-scale habitats with a locally adapted flora and 
fauna they are often hot spots for biodiversity. NIEDRIST et al. (2009) found that extensively managed mountain 
pastures belong to the species-richest ecosystems in Central Europe. 
 
Since the beginning of World War II, many mountain pastures were abandoned due to intensification of grassland 
sites in the valley (NIEDRIST et al. 2009; BÄTZING 2003; EGGER & AIGNER 1999). Also mountain pastures in 
protected areas were concerned by that progress, leading to changes in biodiversity.  
 
Nowadays, as a consequence of climate change, it is assumed that mountain farming can regain its original 
importance. The grazing period is restricted by the length of the growing season which may extend due to increase 
in temperature. In the long run, the rise in temperature may also cause changes in the plant species composition, 
possibly leading to an increase of the forage yield of mountain pastures which may further result in a higher 
stocking rate (BOHNER 2010). 
 
In this study, permanent plots were used to detect changes in plant species composition and plant species richness 
of managed and abandoned mountain pastures at Gesaeuse National Park. In order to examine short-term shifts 
in management or climate change this study was conducted in 2016, after eleven years timeframe. Furthermore, 
the importance of sustainable mountain farming for phytodiversity was assessed. The following specific research 
questions were examined: 
 

 Did the plant species composition and phytodiversity change within eleven years? If yes, which factors are 
responsible? Did the site-adapted management change or are influences of climate change visible? 

 What is the impact of management and abandonment on phytodiversity (average number of plant species per 
plot, Shannon diversity index) of mountain pastures? 
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Study area 

The study was conducted on six managed and abandoned mountain pastures in the Gesaeuse National Park in 
Austria (coordinates 47°35“, 14°38“), which is part of the LTSER platform Eisenwurzen (Long Term Socio-
Ecological Research). Predominant rocks are northern limestone and dolomite rock. Characteristic soil types are 
calcareous brown loam and rendzina. The study region is influenced by a mild and damp central 
European/oceanic climate. The vegetation surveys were carried out between 1023 and 1691 meters a.s.l.. The 
grazing period lasts from June to September. 
 

Methods 

Altogether, 36 vegetation surveys on permanent plots were carried out to detect changes in plant species 
composition and plant species richness in an eleven years timescale. 36 additional vegetation surveys were 
realised. They were conducted between June and September 2016, according to Braun-Blanquet with a modified 
scale for species cover consisting of three subdivisions per Braun-Blanquet cover class. Only homogeneous 
vegetation plots were investigated. The size of each plot was 20 m². A cluster analysis, followed by non-metric 
multidimensional scaling and phytosociological characterisation of the vegetation surveys were performed. In 
addition, the Ellenberg indicator values were compared and analysed. ANOVA and GLM as well as post-hoc tests 
were used for tests of the statistical significance. The importance for nature protection was assessed through 
biodiversity indices (number of vascular plant species, Shannon diversity index and Evenness). Supposing that an 
extensive management of mountain pastures generates a higher phytodiversity than abandonment, categorical 
comparisons were implemented. 
 

Results and Discussion 

No significant changes of phytodiversity could be observed during the monitoring period. Small trends are visible. 
There were only slight changes in plant species composition and plant species richness during the eleven years 
timeframe. Also the Ellenberg indicator values did not change significantly. This is probably linked to the 
management. There were only minor changes in the number of grazing cattle, stocking rate and area of forage of 
the observed mountain pastures. We observed no effects of climate change, probably due to the short monitoring 
period.  
 
In the present study, a positive effect of extensive grazing on phytodiversity was found. The vegetation plots of 
managed mountain pastures showed a significantly higher phytodiversity than the plots of abandoned mountain 
pastures (Fig. 1). The average number of vascular plant species was 54 in plots of managed pastures and 40 in 
plots of abandoned mountain pastures.  
 
In Europe, a plant community is considered as species-rich if it comprises more than 50 different vascular plant 
species, mosses and lichens in an area of 100 m² (HOBOHM 2005). In accordance to NIEDRIST et al. (2009), MAAG 

et al. (2001) and TASSER et al. (2001), our study shows that the phytodiversity of extensively managed mountain 
pastures is remarkably high. Thus, mountain pastures can be very valuable for nature protection. The results are 
also in line with the Intermediate Disturbance Hypothesis (CONNELL 1978), claiming that a low intensity of 
disturbance, such as temporary grazing, leads to an increase of phytodiversity (BOHNER et al. 2009; NIEDRIST et al. 
2009). 
 
In some plots of the abandoned mountain pastures, heavy browsing by wild animals, especially chamois and red 
deer, was observed. Nevertheless, a high phytodiversity was found with an average number of vascular plant 
species of about 45 per 20 m². According to studies of TSCHÖPE et al. 2004, SCHÜTZ et al. 1998 and SCHREIBER & 

SCHIEFER 1985 wild animals can modify the process of ecological succession by delaying the secondary succession 
and maintaining species richness over several decades. In combination with natural disturbance processes such as 
windthrow, avalanches and debris flows it may be possible that wild animals create a similar level of biodiversity 
like it can be found in extensively managed mountain pastures. However, the spatial scale would be different as on 
the one hand there would be less phytodiversity on average area but on the other hand the number of species-rich 
disturbance patches could be more frequent. Further investigations on that topic might be interesting for 
protected areas like National Parks, as they have designated zones where natural processes occur without human 
disturbance. 
 

 
Figure 1: Phytodiversity of vegetation plots on observed managed and abandoned mountain pastures in the Gesaeuse National 
Park (n = 54, significance level after post-hoc test: p ≤ 0,001 = ***). 
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Conclusion 

The results of this study demonstrate that sustainable agriculture in the form of extensive, site-adapted grazing of 
mountain pastures can contribute to species-rich mountainous ecosystems. However, it was also observed that 
wild animals can contribute to preserve a high phytodiversity, at least within an eleven years timescale. The 
analysis of vegetation changes provides a valuable data base for the development and implementation of further 
monitoring and management measures. Until now, no effects of climate change were observed. 
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