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Abstract 

Meso-xeric grasslands have declined sharply in Central Europe during the last century. These spe-
cies-rich habitats are threatened by intensification or abandonment of agricultural use, eutrophication, 
climate change and landscape fragmentation. However, different studies in various regions of Central 
Europe are inconsistent in their findings about degree and direction of changes. We thus resurveyed the 
historical vegetation plots of the alliance Mesobromion in the Swiss Jura Mts. In 2020, we re-sampled 
28 quasi-permanent vegetation plots originally recorded in 1980 to quantify potential vegetation 
change. Frequency of individual species, species diversity, 11 ecological indicator values and four 
functional traits, as well as the presence of diagnostic species of phytosociological alliances, were 
analysed. Further, a habitat classification and detrended correspondence analysis (DCA) were also 
performed. Species richness, indicator values for light availability and temperature, seed dispersal by 
animals and seed persistence had significantly decreased by 2020. Conversely, ecological indicator 
values for nutrient availability and soil moisture as well as community-weighted means for seed mass 
and canopy height had significantly increased. There were significantly fewer ruderal species, stress-
tolerators, therophytes and herbaceous chamaephytes in 2020. In contrast, highly competitive species 
and hemicryptophytes had increased. Together, these findings indicate an increase in productivity over 
time. There were fewer specialized species in 2020 than in 1980, indicating a homogenization of the 
vegetation and a shift towards nutrient-rich pastures and meadows. The shift towards a later succession-
al stage might indicate reduced grazing disturbance. Most of these sites are currently not included in an 
agri-environmental scheme. Partial differences of our findings from those reported elsewhere in Central 
Europe highlight the importance of regionally adapted conservation strategies in order to stop biodiver-
sity loss in meso-xeric grasslands. 

Keywords: Arrhenatherion elatioris, biodiversity loss, ecological indicator value, eutrophication, 
Mesobromion, land-use change, quasi-permanent plot, resurvey, Swiss Jura Mts., vegetation change 

Erweiterte deutsche Zusammenfassung am Ende des Artikels 

Manuscript received 27 May 2021, accepted 03 September 2021 
Published online 31 October 2021 
Co-ordinating Editor: Steffen Boch 

https://orcid.org/0000-0002-2311-6386
https://orcid.org/0000-0002-4920-5205
https://orcid.org/0000-0003-3221-660X


442 

 

1. Introduction 

Meso-xeric grasslands are meadows and pastures on semi-dry, nutrient-poor soils, usual-
ly over calcareous bedrock (DELARZE et al. 2015, DENGLER & SCHAMINÉE 2016). Within 
Central Europe, they represent a successional stage that can only be maintained by regular 
and moderately intense cyclic disturbance. In this intermediate state, species diversity and 
interspecific competition reach their maximum (PETRAITIS et al. 1989; SCHEINER & WILLIG 
2011). Meso-xeric meadows and pastures are the habitats with the greatest small-grain plant 
species richness in Central Europe and globally (ZOLLER 1954, DENGLER 2012, DENGLER et 
al. 2020). 

During the past decades meso-xeric pastures and meadows have experienced a continu-
ous decline (SILVA et al. 2008, DENGLER & TISCHEW 2018), mostly due to the double threats 
of intensification and abandonment (DENGLER & TISCHEW 2018, DENGLER et al. 2020, BOCH 
et al. 2021a). It is assumed that since 1900 95% of the dry grasslands in the wider sense 
(i.e. xeric and meso-xeric types) have disappeared in Switzerland (LACHAT et al. 2010). 
Although landscape fragmentation and the structural impoverishment of cultivated land-
scapes have a significant impact on biodiversity (FERANEC et al. 2016), eutrophication from 
agricultural fertilizers and atmospheric nitrogen deposition seem to be primarily responsible 
for biodiversity and habitat loss as well as floristic changes (ROTH et al. 2013, DENGLER et 
al. 2014, HETTELINGH et al. 2017, DENGLER et al. 2020, BOCH et al. 2021b). Additionally, 
the loss of faunistic and floristic diversity might be accelerated by the effects of global 
warming (SCHUCH et al. 2012, FISCHER et al. 2020, SCHILS et al. 2020). In addition to the 
decline in biodiversity, a change in the floristic composition of meso-xeric grasslands is also 
occurring. The trend observed on calcareous sites shows that specialists are most threatened 
and are increasingly replaced by generalists (FISCHER & STÖCKLIN 1997, STÖCKLIN et al. 
1999, 2000, BOCH et al. 2019a). 

While patterns and drivers of the decline of meso-xeric grasslands and their biodiversity 
in Central Europe are well known, vegetation changes at local scales may still differ from 
the general trend because they depend first on local climatic, geological and agricultural 
conditions (BRUELHEIDE & JANDT 2007, SOCHER et al. 2012, DENGLER et al. 2014, DENGLER 
& TISCHEW 2018, KUMMLI et al. 2021). In the Swiss Jura Mts., only few resurvey studies 
have been conducted on the vegetation of meso-xeric grasslands. ZOLLER et al. (1986) 
showed in a resurvey study (1986 vs. 1950) that many rare and endangered species, such as 
orchids, had declined. To this end, they noted a homogenization of communities within the 
vegetation of meso-xeric grasslands. Later, STÖCKLIN et al. (2000) found that specialists are 
especially endangered. However, no decrease in species richness was observed in these 
studies. However, we are not aware of more recent studies of vegetation change in meso-
xeric grasslands in the Swiss Jura. For this purpose, determining vegetation change at the 
local level is essential for implementing an effective conservation strategy (PALPURINA 
2017, BOCH et al. 2020). 

Resurveys of historical vegetation plots are a valuable tool for understanding the long-
term dynamics of plant communities (HÉDL et al. 2017). Relocation inaccuracy, differences 
between observers and inconsistent recording times during the year are the three main chal-
lenges for resurveys (KAPFER et al. 2017). However, using ecological indicator values for 
data analysis is largely robust with respect to relocation inaccuracy (BOCH et al. 2019b). 

In this study, we resurveyed 40-year-old vegetation plots of meso-xeric grasslands, orig-
inally recorded in the year 1980 (HEDINGER 1983). In 1980, these grasslands, mainly belong-
ing to the alliance Mesobromion, were extensively grazed by sheep. The objective of this 
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study was to quantify possible changes in the diversity and composition of vascular plants 
over this time period. For this purpose, biodiversity indices, community-weighted means of 
ecological indicator values and functional traits as well as sociological affinities of plots 
were compared between the two time periods, and a joint ordination of the old and new plots 
was performed. 

2. Study area 

All investigated sites were located in the north-western part of Switzerland, in the 
cantons of Aargau, Basel-Landschaft, Jura and Solothurn (Fig. 1). The study area covers 
an east-west extension of 67.5 km and a north-south extension of 13.5 km. The area belongs 
to the Folded Jura and Jura Massif and is dominated by sedimentary rocks such as limestone, 
marl and sandstone (GNÄGI & LABHART 2014). The elevation of the sites ranges from 
420 m a.s.l. to 800 m a.s.l., all of them belonging to the colline belt. 

The Atlantic climate of the region is characterized by humid air from the northwest and 
a complementary dry air supply from the east. For Rünenberg at 611 m a.s.l. in the centre of 
the study area, the mean annual temperature 1981–2010 was 9.0 °C and the mean annual 
 

Fig. 1. Location of the study sites in the Jura Mts. in Northwest Switzerland. The 19 sites (with 1–3 plots 
each) are color-coded according to their current land use (copyright geodata: swisstopo DV084370). 
Note that some sites are so close together that their symbols are overlapping. 
Abb. 1. Lage der Untersuchungsflächen im Schweizer Jura. Die 19 Trockenrasengebiete (mit jeweils 
1–3 Aufnahmeflächen) sind entsprechend ihrer aktuellen Landnutzung eingefärbt (Copyright geodata: 
swisstopo DV084370). Man beachte, dass einige Trockenrasengebiete so nahe beisamen liegen, dass 
ihre Symbole sich überlappen.   
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precipitation 1009 mm (METEOSCHWEIZ 2021). From 1961 to 2020 annual precipitation 
slightly increased, although this was only observed in winter (METEOSCHWEIZ 2020). The 
average local temperature has risen by about one and a half degrees between 1964 and 2020. 
The effects of climate change are noticeable throughout the year, with milder seasonal val-
ues in winter and heat waves and longer periods of sunshine in summer (METEOSCHWEIZ 
2020). 

3. Methods 

3.1 Field sampling 

The original study included a total of 68 plots, each sampled with three visits throughout the season 
in 1980 (HEDINGER 1983). At that time all of them were used as sheep pastures. In 2020, a significant 
fraction of the original sites had either a different agricultural use than in the past (cereal crops, 
orchards, very intensive management with extremely low vegetation cover) or a non-agricultural use 
(forest, urban area). From those that were still used as grasslands, we selected 28 plots for resurvey 
during summer 2020 (June – July) (for two examples, see Fig. 2). These plots were distributed in 
19 grasslands, each with one to three plots, depending on the size, with a typical distance between the 
plots of 100 m (minimum: 36 m). The land uses now, apart from the still prevailing sheep pastures, also 
included horse and cattle pastures as well as hay meadows (Fig. 1). The plots were relocated using the 
geographical coordinates from HEDINGER (1983), who provided them with 10 m precision. Given the 
fine-structured land use and topography, we assume that the relocation error was on average around 
10 m, but 20 m at most. 

The size of the original plots ranged from 48 to 400 m², with 100 m² prevailing (Supplement E1), 
while the plot shape was not recorded. In the resurvey, we used the same plot size as in the correspond-
ing historical plot and square shape throughout. All plots were oriented in cardinal direction and per-
manently marked with a magnet buried in the SE corner to allow future resurveys without relocation 
error. 

In the original survey, HEDINGER (1983) used a modified version of the cover-abundances scale 
of BRAUN-BLANQUET (1964; see Supplement E2), while in 2020 we estimated the cover directly in 
percent, disregarding abundance. In both surveys, all vascular plant species were recorded. To enable 
a comparison of the data between 1980 and 2020, the cover-abundance categories were replaced by the 
geometric mean of the upper and lower limits of the respective percentage cover range (Supplement 
E2). 

In 2020, the species were identified with the current Swiss floras (BINZ & HEITZ 1990, EGGENBERG 
& MÖHL 2013, LAUBER et al. 2018) and named according to the Swiss checklist (JUILLERAT et al. 
2017). To allow a statistical comparison of the two studies, the nomenclature of the old species data 
was adapted to the current nomenclature and taxa aggregated on a higher taxonomic level if needed. 
“Festuca ovina aggr. s.l.” stands for Festuca ovina aggr. + Festuca valesiaca aggr. sensu JUILLERAT et 
al. (2017).  

The header data of both surveys are provided in Supplement E3, the species cover data in Supple-
ment E4. The vegetation-plot data will be provided to the emerging Swiss National Vegetation Data-
base (J. Dengler et al. in prep.) and the ReSurveyEurope initiative (F. Essl et al. in prep., see 
http://euroveg.org/eva-database-re-survey-europe). 

3.2 Data analyses 

The Shannon index, Shannon evenness and species richness were used to assess biodiversity. The 
threatened species (including the category NT, i.e. near-threatened species) were determined according 
to the national Red List (BORNAND et al. 2016). A large set of mean ecological indicator values as well 
as CSR strategy types from LANDOLT et al. (2010) were used for the data analysis (Table 1). Using the 
program VEGEDAZ (KÜCHLER 2019), we calculated them in two variants, as unweighted means and 
  

http://euroveg.org/eva-database-re-survey-europe
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Fig. 2. Two examples of the resurveyed grasslands. a) site ID 43 in Wittnau (AG) was used as meadow 
in 2020, was rather species poor and now can be assigned to the Arrhenatherion. b) Lower photo: site 
ID 21 in Himmelried (BL) was used as a sheep pasture in 2020, was moderately species rich and still 
can be considered as a Mesobromion (Photos: J. Dengler, 08.07.2020 und 22.07.2020). 

Abb. 2. Zwei Beispiele der untersuchten Grasländer. a) Die Aufnahmefläche Nr. 43 in Wittnau (AG) 
wurde 2020 als Wiese genutzt, war eher artenarm und kann aktuell dem Arrhentherion zugeordnet 
warden. b) Die Aufnamefläche Nr. 21 in Himmelried (BL) wurde 2020 als Schafweide genutzt, war 
mittelartenreich und kann auch heute noch dem Mesobromion zugeordnet wreden (Fotos: J. Dengler, 
08.07.2020 und 22.07.2020). 

as cover-weighted means. We also compared the community-weighted means (CWMs) of the three 
“standard” functional traits proposed by WESTOBY (1998) for assessing the strategy type of species 
(LHS traits: specific leaf area, seed mass and crown height), using the log10-transformed mean trait 
values from the LEDA trait database (KLEYER et al. 2008). Further, we used the supervised classifica-
tion implemented in VEGEDAZ (KÜCHLER 2019) to quantify to which degree each plot is matching 
  

a) 

b) 
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Table 1. Ecological indicator values, CSR strategies and plant functional traits from LANDOLT et al. 
(2010) used in this analysis. 
Tabelle 1. Ökologische Zeigerwerte, CSR-Stategietypen und funktionelle Pflanzenmerkmale aus LAN-
DOLT et al. (2010), die in dieser Untersuchung genutzt wurden. 

Category Parameter Ordinal range or nominal categories 
Indicator values Temperature 1 to 5 
 Continentality 1 to 5 
 Light 1 to 5 
 Moisture 1 to 5 
 Reaction 1 to 5 
 Nutrients 1 to 5 
 Humus 1 to 5 
 Mowing tolerance 1 to 5 
CSR-strategies Competitive strategy 0 to 3 
 Ruderal strategy 0 to 3 
 Stress tolerant strategy 0 to 3 
Functional traits Seed longevity 1 to 5 
 Dispersal of diaspores Anemochory, zoochory 

 

Life form Phanerophyte, nanophanerophyte, woody chamaephyte, 
herbaceous chamaephyte, nanophanerophyte-
hemicryptophyte, chamaephyte-
hemicryptophyteperennial, hemicrptophyte, geophyte, 
therophyte, climber, hemiparasite 

different types of the Swiss habitat typology (DELARZE et al. 2015). This supervised classification 
approach uses weighting factors for the different categories of diagnostic species in DELARZE et al. 
(2015) as proposed by S. Eggenberg (Info Flora, Bern; see DENGLER et al. 2019). We then determined 
the scores for the following habitat types, approximately corresponding to the phytosociological alli-
ances Mesobromion, Arrhenatherion, Cynosurion, Trifolion medii, Xerobromion, Polygono-Trisetion, 
Stipo-Poion, Diplachnion, Cirsio-Brachypodion, Poion alpinae and Geranion sanguinei and standard-
ised them so that they sum up to 1. 

To test for differences in metric parameters between the two survey periods, we used paired Welch 
t-tests (default in R). To test whether individual species had become more or less frequent over the 
40 years, we applied a sign test (binomial test). All statistical analyses were carried out with the pro-
gram R (R CORE TEAM 2021). We assumed a significance level of α = 0.05. 

To visualise the vegetation change over the 40 years and the potentially underlying factors, we 
conducted a detrended correspondence analysis (DCA). The mean indicator values for temperature, 
continentality, light, soil reaction, nutrients, moisture, stress and competition, the CWMs of specific 
leaf area, seed mass and seed persistence, as well as the relative cover of hemicryptophytes, herbaceous 
chamaephytes and therophytes were correlated post-hoc with the axes of the ordination graph.  

4. Results 

4.1 Frequency changes of individual species 

A total of 20 species found in 1980 (12.3%) were significantly less frequent in 2020 (Ta-
ble 2). Conversely, eight of the 175 species found in 2020 (4.6%) had become more frequent 
compared to 1980 (Table 2). The strongest decrease (from 82% to 14% frequency) was 
found for Linum catharticum, the strongest increase (from 25% to 86%) for Arrhenatherum 
elatius (Table 2). 
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Table 2. List of species that became significantly less or more frequent in the 28 quasi-permanent plots 
over the study period. 
Tabelle 2. Liste der Arten, die in den 28 quasi-permanenten Aufnahmeflächen während der Untersu-
chungsperiode significant seltener oder häufiger wurden.  

Taxon Occurrences in 1980 Occurrences in 2020 p-value 
Decrease 

   Linum catharticum 23 4 <0.001 
Bellis perennis 16 2 <0.001 
Veronica arvensis 11 0 0.001 
Myosotis arvensis 10 0 0.002 
Poa trivialis 10 0 0.002 
Sedum sexangulare 12 1 0.003 
Carlina acaulis 9 0 0.004 
Vicia sativa 10 1 0.004 
Campanula rotundifolia aggr. 13 3 0.006 
Leontodon hispidus 19 9 0.006 
Prunus spinose 8 0 0.008 
Teucrium chamaedrys 10 2 0.008 
Festuca ovina aggr. s.l. 21 10 0.013 
Cirsium acaule 9 2 0.016 
Ajuga reptans 9 1 0.021 
Cerastium fontanum 20 11 0.022 
Agrostis capillaris 6 0 0.031 
Bromus hordeaceus 6 0 0.031 
Potentilla verna 13 4 0.035 
Helictotrichon pubescens 8 1 0.039 

Increase 
   Potentilla reptans 3 19 <0.001 

Arrhenatherum elatius 7 24 <0.001 
Festuca arundinacea 0 12 <0.001 
Centaurea jacea subsp. jacea 6 20 0.001 
Phleum pratense aggr. 0 7 0.016 
Festuca rubra aggr. 9 19 0.021 
Rosa sp. 2 10 0.021 
Carex flacca 9 18 0.022 

Threatened and near-threatened species accounted only for a small proportion of the total 
floristic composition (2 of 169 in 1980; 1 of 175 in 2020). The vulnerable Gentiana cruciata, 
which previously occurred in four of the 28 plots, completely vanished (n.s). Likewise, the 
near-threatened Anacamptis pyramidalis with formerly two occurrences was not found at all 
in the resurvey (n.s.). By contrast, the vulnerable Cynoglossum officinale newly occurred in 
one plot (n.s.). 

4.2 Biodiversity 

Mean species richness per plot (of mostly 100 m²) decreased significantly from 47 in 
1980 to 42 in 2020 (p = 0.022). By contrast, the Shannon index (p = 0.257) and the Shannon 
evenness (p = 0.968) did not change significantly during this 40-year period. 
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Fig. 3. Three strategy types that showed significant changes in relative richness between 1980 and 
2020. CCC = pure competitors, SSS = pure stress-tolerators, RRS/RSS = ruderal stress-tolerators. 
Abb. 3. Drei Strategietypen, deren relativer Artenreichtum sich zwischen 1980 und 2020 signifikant 
verändert hat. CCC = reine Konkurrenzstrategen, SSS = reine Stressstrategen, RRS/RSS = ruderale 
Stressstrategen. 

4.3 Ecological indicator values and CSR strategies 

Over the 40 years, species adapted to nutrient-rich sites had increased, both in number 
and in cover (Supplement E5). In parallel, the mean ecological indicator values for continen-
tality, light and reaction decreased (Supplement E5). Species with highly competitive ability 
were more numerous and covered a larger area in 2020 than in 1980 (Supplement E5). Con-
versely, ruderal species and stress-tolerant species were more numerous in 1980, while their 
percentage cover values remained similar (Supplement E5). When analysing the individual 
CSR strategy types separately, pure competitive strategists (CCC) had increased, while both 
stress-tolerant ruderals (RRS/RSS) and pure stress-tolerators (SSS) had decreased (Fig. 3, 
Supplement E5). The intermediate CSR-strategy prevailed both in 1980 (50.1% cover) and 
2020 (45.7%), with no significant change. 

4.4 Life forms and functional traits 

Hemicryptophytes covered a larger area in 2020 than in 1980. Conversely, the cover of 
therophytes and chamaephytes was significantly smaller in 2020 (Supplement E5 and 
Fig. 4). Considering the coverage of each species, the LHS strategy analysis (Supplement E5 
and Fig. 5) showed canopy height and seed mass were significantly greater in 2020. On 
average, seed longevity of the communities was higher in 1980 than in 2020, when based on 
presence-absence, but not when cover-weighted (Supplement E5). The analysis of seed 
dispersal methods showed that zoochorous species were more numerous in 2020, but their 
cumulative cover remained unchanged (Supplement E5).  

4.5 Sociological affinity and ordination 

The relative score of Mesobromion species had decreased significantly (p = 0.035) from 
1980 to 2020, while that of Arrhenatherion species had increased (p = 0.005). The ordina-
tion (Fig. 6) demonstrates a clear separation of the historic plots in the lower right corner 
from the present plots in the upper left corner. This trajectory coincides more or less with 
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Fig. 4. Three life forms that showed significant changes in relative cover between 1980 and 2020.  
Abb. 4. Drei Lebensformen, deren relative Deckung sich zwischen 1980 und 2020 signifikant verändert 
hat. 

Fig. 5. Community-weighted means of functional traits that significantly changed between 1980 and 
2020. 
Abb. 5. Deckungsgewichtete Mittelwerte funktioneller Merkmale, die sich zwischen 1980 und 2020 
signifikant geändert haben. 

higher SLA, higher seed mass and more pronounced competition strategy, but fewer thero-
phytes and herbaceous chamaephytes, while other variables were more or less orthogonal to 
the mean trajectory. 

5. Discussion 

5.1 Biodiversity 

In Swiss meso-xeric grasslands, the average vascular plant species richness is 58 in 
100 m² (GrassPlot Diversity Explorer v. 2.10; https://edgg.org/databases/GrasslandDiversity 
Explorer; BIURRUN et al. 2021), which is about the same average number of species for this 
grassland type in Western Europe (DENGLER et al. 2020). In this study, as well as in the 
initial study by HEDINGER (1983), below-average species richness was found (47 species in 
1980 vs. 42 in 2020). This could mean that the study sites were already floristically impover-
ished in 1980 or, more likely, that they are for biogeographic reasons not as rich as in other 
parts of Europe. 
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Fig. 6. Joint detrended correspondence analysis (DCA) of the old and new plots. Green circles = 1980, 
red circles = 2020. Significantly correlated variables were fitted post hoc to the two axes. Chamae_H 
= herbaceous chamaephytes, Seed_M = seed mass, Seed_L = seed longevity. 
Abb. 6. Gemeinsame trendbereinigte Korrespondenzanalyse (DCA) der alten und neuen Vegetations-
aufnahmen. Grüne Kreise = 1980, rote Kreise = 2020. Signifikant Variablen wurden nachträglich mit 
den zwei Achsen korreliert. Chamae_H = krautige Chamaephyten, Seed_M = Samenmasse, Seed_L = 
Langlebigkeit der Samen. 

A significant decrease in the number of species was observed in 2020. However, consid-
ering the degree of coverage of the individual species by means of the Shannon index and 
Shannon evenness, the biodiversity remained unchanged between 1980 and 2020. It follows 
that the more dominant plants did not experience significant changes between 1980 and 
2020, but that the species with lower presence decreased or disappeared in 2020. Those 
results are similar to the trend observed in a meta-analysis of resurvey vegetation studies in 
the UK and Germany (DIEKMANN et al. 2019), which highlighted a decline in species rich-
ness in semi-natural grasslands caused by a combination of poor management, increased 
fertilization and nitrogen deposition. 

5.2 Ecological indicator values 

The vegetation composition of 2020 indicated more nutrient-rich soils than in 1980. 
Finding indications of eutrophication in semi-dry grasslands, is in line with what ZOLLER et 
al. (1986) reported for the same region and JANDT et al. (2011) for Germany. By contrast, 
KUMMLI et al. (2021) did not find any sign of eutrophication in mesic grasslands of the city 
of Zurich. This difference, however, might be attributable to the urban situation and a land-
use change from pasture to meadow that had occurred there. During the fieldwork, it could 
be observed that most of the sites were surrounded by intensively cultivated land. It is there-
fore plausible that nutrient input from surface runoff occurs if the intensive areas are located 
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above the study sites. The fact that the soil reaction value had decreased significantly can be 
seen as an indirect effect of soil ammonium ions enrichment through manure application and 
atmospheric deposition, as the oxidation of NH4+ to NO3- releases protons, leading to soil 
acidification. Studies have found that the indirect role of soil acidification has a greater 
influence on the composition of the herb layer than nutrient input per se (BERG et al. 2011). 
The origin of the nutrient input cannot be clearly defined. In Switzerland, however, an aver-
age of 24 kg of nitrogen per hectare of land and year is deposited (AUGUSTIN & ACHERMANN 
2012, SEITLER et al. 2016). Across Switzerland, about 12% of nitrogen inputs come from 
atmospheric nitrogen deposition and about 88% from agricultural fertilization (PURGHART et 
al. 2014).  

The increase of nutrient and moisture values in 2020 also gives an indication of the im-
proved nutrient and water storage capacity of the soil. This allows for a higher biomass 
productivity (DENGLER et al. 2014), which is disadvantageous for the typical species of 
nutrient-poor grasslands. The analysis of plant sociological behaviour also confirms that 
species characteristic of nutrient-poor grasslands (Mesobromion) had decreased and species 
of nutrient-rich grasslands (Arrhenatherion) had increased. 

5.3 Plant strategies and functional traits 

According to GRIME's (2001) model, decreases in ruderal and stress-tolerant species and 
an increase in highly competitive species indicate an increase in biomass productivity as well 
as a decrease in disturbance intensity. In a study based on analyses of a large German vege-
tation-plot database (JANDT et al. 2011), an increase in competitive species was also ob-
served. Perennial species (mostly hemicryptophytes) generally have a more competitive 
strategy than annual and biennial species (GUREVITCH et al. 2006), and the slight increase in 
cover of these species in 2020 indicates an increase in competitive strategy. 

The decline in ruderal species indicates that the meadows and pastures had shifted to 
a later successional stage with lower disturbance intensity. Such a trend was also observed in 
by MOOG et al. (2005), who studied effects of land use abandonment on meadows on nutri-
ent-poor soils. Since the sites in the study are all under agricultural use, abandonment cannot 
be the reason in our case. Rather it is that the sites in 1980 were partly overgrazed while they 
are now used in an agronomically optimised way, meaning that the creation of bare patches 
is avoided by proper management. Likewise, also the stress-tolerant species declined. How-
ever, from the biodiversity point-of-view this more sustainable land use has disadvantages as 
the niches of therophytes and low competitive chamaephytes (such as Sedum spp.) disap-
pear. 

Two of the key functional traits of WESTOBY (1998), canopy height and seed mass, had 
significantly increased over the 40 years. Higher canopy height and seed mass indicate a 
lower level of disturbance compared to 40 years back. According to current knowledge, seed 
dispersal by animals (zoochory) allows seeds to be transported over greater distances than by 
wind (VITTOZ & ENGLER 2007). The mode of seed dispersal can be an important survival 
factor for species, especially when the landscape is fragmented. In the Swiss Jura Mts., 
fragmentation has been found to play a major role in the decline of rare species (NIEMELÄ & 
BAUR 1998, STÖCKLIN et al. 1999, 2000). However, the hypothesis that seed dispersal strate-
gy adaptation occurs in isolated plant communities is tenuous. In this study, the increase in 
zoochory and the constant rate of anemochory (the two principal dispersal types for species 
of meso-xeric meadows and pastures) suggest a diversification of seed dispersal strategies.  
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5.4 Changes of species frequencies 

Among the significantly decreased species, Sedum sexangulare, Potentilla verna, Cam-
panula rotundifolia aggr. and Festuca ovina aggr. s.l. are indicators of dry conditions and 
Potentilla verna, Campanula rotundifolia aggr., Linum catharticum, Carlina acaulis and 
Festuca ovina aggr. s.l. of nutrient-poor soils (LANDOLT et al. 2010). By contrast, species 
such as Potentilla reptans, Festuca arundinacea and Carex flacca which are more adapted 
(to rich and) intermittently moist soils, became more frequent in the studied meadows and 
pastures. These observations point to the general eutrophication of the studied sites and 
indicate an increase in soil moisture. Increased density of the vegetation cover (BOCH et al. 
2020) and strong shading are probable causes of the increase in soil moisture, since both 
curb soil evaporation. 

5.5 Conclusions 

In a recent resurvey of grasslands in the city of Zurich, KUMMLI et al. (2021) found that 
urban mesic grasslands did not undergo eutrophication or significant changes in floristic 
composition and concluded that the low land-use pressure in urban areas plays a great role in 
preserving mesic grasslands. While these positive results can be observed in the city, the 
opposite is unfortunately true in the countryside, where agricultural activity exerts perma-
nent pressure on the vegetation of extensively managed areas. In this study, a total of 
25 variables showed a statistically significant difference between 1980 and 2020. Except for 
the increase in zoochory, all observed changes are consistent with the trend of increasing 
productivity. Nutrients and moisture play an essential role in the equilibrium of ecological 
interactions and processes in meso-xeric grasslands. The observed higher productivity, as 
well as the increase in plants of intermittently wet sites, show that water and nutrients are 
now less limiting than in the past, leading to a shift in floristic composition towards that of 
nutrient-rich pastures. This threatens many vulnerable meso-xeric grassland species and 
leads also to a homogenization of plant diversity at the landscape level. 

Since most of the study sites have not undergone any special protection measures during 
the last decades, they have been particularly exposed to nutrient enrichment and inappropri-
ate agricultural management. Despite these unfortunate results in terms of nature protection 
and biodiversity, it is at least important to note that poor quality meso-xeric grasslands and 
pastures offer a window to the actual drivers of vegetation change in Europe as well as at 
a local scale.  

The fact that it takes an average of 10 to 20 years for an enriched calcareous grassland to 
regain the characteristics of a nutrient-poor habitat (SMITS et al. 2008) indicates that the 
implementation of a targeted and successful protection strategy is conceivable in the medium 
term. This must limit as much as possible the progressive tendency of meso-xeric grasslands 
towards nutrient enrichment, homogenization and biodiversity loss. 

Erweiterte deutsche Zusammenfassung 
Einleitung – Kalkhalbtrockenrasen sind während des letzten Jahrhunderts in Mitteleuropa massiv 

zurückgegangen (LACHAT et al. 2010, DENGLER & SCHAMINÉE 2016). Diese artenreichen Lebensräu-
me sind durch Intensivierung und Aufgabe der landwirtschaftlichen Nutzung, Eutrophierung, Klima-
wandel und Landschaftsfragmentierung gefährdet (DENGLER & TISCHEW 2018). Allerdings variieren 
die Ergebnisse zum Ausmaß und zur Richtung des dadurch bedingten Vegetationswandels zwischen 
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verschiedenen Studien in unterschiedlichen Regionen (DIEKMANN et al. 2019). Da allgemein noch 
recht wenig zum Vegetationswandel der Kalkhalbtrockenrasen im Schweizer Jura (Verband Mesobro-
mion) bekannt war, untersuchten wir diesen mittels quasi-permanenten Aufnahmeflächen. 

Untersuchungsgebiet – Unser Untersuchungsgebiet liegt im Schweizer Jura, in den Kantonen Aar-
gau, Basel-Landschaft, Jura and Solothurn (Abb. 1). Der geologische Untergrund besteht aus Kalkstein, 
Mergel oder Sandstein (GNÄGI & LABHART 2014). Die Aufnahmeflächen liegen zwischen 420 und 800 
m ü. d. M. Die für das Gebiet repräsentative Klimastation Rünenberg (611 m ü. d. M.) weist eine Jah-
resmitteltemperatur von 9,0 °C und einen Jahresniederschlag von 1009 mm auf (METEOSCHWEIZ 
2021). 

Methoden – Die Originalstudie umfasste 68 Vegetationsaufnahmen aus dem Jahr 1980 (HEDINGER 
1983). Viele der Flächen werden heute aber anders genutzt (Acker, Wald, Siedlung). Von den verblei-
benden wählten wir 28 Vegetationsaufnahmen in 19 Graslandgebieten, verteilt über das ganze Untersu-
chungsgebiet aus (zwei Beispiele in Abb. 2). Da die alten Vegetationsaufnahmen mit auf 10 m genauen 
Koordinaten registriert waren, gehen wir von einer Relokalisierungsungenauigkeit von maximal 20 m 
aus. Wir fertigten die neuen Vegetationsaufnahmen auf der gleichen Flächengröße wie die jeweils 
korrespondierende alte Vegetationsaufnahme an (48‒400 m2, meist 100 m2). Es wurden alle Gefäß-
pflanzen mit prozentualer Deckung erfasst. Wir berechneten Artenzahlen, Diversitätsindizes, mittlere 
Zeigerwerte und CSR-Strategien (nach LANDOLT et al. 2010), deckungsgewichtete funktionelle Merk-
mal (LHS nach WESTOBY 1998) basierend auf Daten aus LEDA (KLEYER et al. 2008), Anteile von 
Lebensformen und Affinität zu pflanzensoziologischen Verbänden (DELARZE et al. 2015). Alle diese 
Variablen wurden mit gepaarten t-Tests zwischen den beiden Aufnahmezeitpunkten verglichen. Wei-
terhin haben wir die Veränderungen in der Häufigkeit von Einzelarten mit Binomialtests geprüft. 
Schließlich wurde die Vegetationsveränderung mit einer gemeinsamen trendbereinigten Korrespon-
denzanalyse (DCA) der alten und neuen Vegetationsaufnahmen visualisiert. 

Ergebnisse – Zwanzig der 1980 gefundenen Arten (12.3 %) waren 2020 signifikant weniger häufig, 
während acht der 175 aktuell gefundenen Arten (4.6 %) signifikant seltener waren als 1980 (Tab. 2). 
Der stärkste Rückgang (von 82 % zu 14 %) wurde bei Linum catharticum und die stärkste Zunahme bei 
Arrhenatherum elatius (von 25 % zu 86 %) festgestellt (Tab. 2). Der mittlere Artenreichtum pro Auf-
nahmefläche (überwiegend 100 m2) ging signifikant von 47 auf 42 Arten zurück, während Shannon-
Evenness und Shannon-Index unverändert blieben. Unter den mittleren Zeigerwerten waren bei einer 
vorkommensbasierten Berechnung die Unterschiede meist größer als bei einer deckungsgewichteten 
Berechnung. Einzig die mittleren Nährstoffwerte zeigten bei beiden Berechnungsarten eine signifikante 
Änderung, und zwar hin zu nährstoffreicheren Verhältnissen. Von den CSR-Strategietypen zeigten die 
reinen Konkurrenzstrategen einen signifikanten Anstieg des relativen Artenreichtums, während reine 
Stressstrategen und ruderale Stressstrategen signifikant seltener wurden (Abb. 3). Unter den Lebens-
formen stieg der Deckungsanteil der Hemikryptophyten signifikant, während jener der krautigen Cha-
maephyten und der Therophyten signifikant zurückging (Abb. 4). Von den deckungsgewichteten funk-
tionellen Merkmalen nahmen sowohl die vegetative Höhe als auch die Samenmasse signifikant zu, 
während sich die spezifische Blattfläche nicht signifikant änderte (Abb. 5). Die soziologische Affinität 
der Aufnahmen zeigte eine signifikante Tendenz weg vom Mesobromion und hin zum Arrhenatherion 
(Anhang E5). Die Ordination (Abb. 6) zeigte, dass die Aufnahmen von 1980 und heute sich systema-
tisch unterscheiden. 

Diskussion –Insgesamt zeigen die verschiedenen Ergebnisse, dass die Produktivität der Standorte in 
den letzten 40 Jahren deutlich zugenommen hat, was vermutlich mit indirekten Stickstoffeinträgen aus 
benachbarten Nutzflächen bzw. aus der Atmosphäre zu tun hat. Die Abnahme kleinwüchsiger Arten 
und von solchen mit Stressstrategie deutet auf ein zurückgehendes Störungsregime hin, d. h. es gibt 
heute offensichtlich weniger übernutzte, offene Stellen als seinerzeit. Das zeugt von einer agronomisch 
optimierten Nutzung, reduziert aber die Vorkommensmöglichkeiten konkurrenzschwacher Arten und 
führt letztlich zu einer floristischen Homogenisierung. Während die die meisten untersuchten Flächen 
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bislang keine Biodiversitätsförderflächen sind, würde eine Aufnahme in dieses Programm evtl. eine 
Chance bieten, dem Artenverlust entgegenzuwirken. Insgesamt zeigen unsere Ergebnisse viele Über-
einstimmungen, aber auch manche Unterschiede zu anderen regionalen „Resurvey“-Studien von Kalk-
halbtrockenrasen, was deutlich macht, dass Entwicklungen regional verschieden ablaufen können, und 
den Wert regionaler Untersuchungen unterstreicht. 
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Supplement E1. Mean, standard deviation, minimum and maximum of plot size as well as the ecological and structural variables 
recorded in summer 2020. 

Anhang E1. Mittelwerte, Standardabweichungen, Minima und Maxima der Flächengröße, der ökologischen und strukturellen 
Variablen im Sommer. 

Variable Mean SD Min Max 

Plot size [m2] 125 85 48 400 
Topography 
Elevation [m a.s.l.] 575 134 354 830 
Southing 0.88 0.20 0.64 1.00 
Inclination [°] 23 6 9 35 
Maximum microrelief [cm] 10.9 3.8 4.0 22.0 
Soil 
Mean soil depth [cm] 15.8 5.7 7.4 28.0 
Stones and rocks [%] 1.0 1.7 0.0 5.0 
Gravel [%] 2.6 2.2 0.0 10.0 
Fine soil [%] 96.4 3.6 85.0 100.0 
Vegetation structure 
Mean vegetation height [cm] 14.0 6.3 2.2 26.6 
Total vegetation cover [%] 87 11 60 100 
Shrub layer [%] 0.3 1.3 0.0 7.0 
Herb layer [%] 84 10 60 99 
Moss layer [%] 4 5 0 20 
Litter [%] 16 10 3 50 
Dead wood [%] 1.4 2.5 0.0 10.0 

Supplement E2. Transformation of the variant of the Braun-Blanquet scale used by HEDINGER (1983) to percent cover. We generally 
applied the geometric mean of the lower and upper class boundaries. 

Anhang E2. Definition der von HEDINGER (1983) verwendeten Braun-Blanquet-Kategorien und ihre Übersetzung in prozentuale 
Deckungen, basierend auf den geometrischen Mitteln der jeweiligen unteren und oberen Klassengrenze. 

Cover-abundance category in 
HEDINGER (1983) 

Definition in HEDINGER 
(1983) 

% cover value used in 
numerical analyses 

R Very rare 0.1 
+ <5%, sparse 0.5 
1 <5%, numerous 2.5 
> 5–15% 8.7 
2 15–25% 19.4 
3 25–50% 35.4 
4 50–75% 61.2 
5 75–100% 86.6 



Charmillot et al.: Vegetation change in meso-xeric grasslands of the Swiss Jura Mts. over 40 years.

Supplemen E3. Header data of the 28 resurveyed plots in 1980 and 2020. Coordinate system for 1980: CH1903+; for 2020: CHTRS95. 

Anhang E3. Kopfdaten der 28 quasi-permanenten Aufnahmeflächen 1980 und 2020. Koordinatensysten 1980: CH1903+, 2020: CHTRS95.

Plot 
ID

Year Plot size 
[m²]

Canton Municipalit
y

Locality Chronostratigraphy Lithostratigraphy Coordinate X Coordinate Y Coordinate 
precision 

[m]

Managment Aspect [°] Southing Slope [°] Elevation 
[m a.s.l.]

Max. 
microrelief 

[cm]

Total 
vegetation 
cover [%]

Tree 
layer 
[%]

Shrub 
layer 
[%]

Max height 
shrub layer 

[cm]

Herb 
layer 
[%]

Max height 
herb layer 

[cm]

Moos 
layer 
[%]

Litter 
[%]

Deadwood 
[%]

Stones 
[%]

Gravel 
[%]

Fine soil 
[%]

Soil depth 1 
[cm]

Soil depth 2 
[cm]

Soil depth 3 
[cm]

Soil depth 4 
[cm]

Soil depth 5 
[cm]

Mean Soil 
depth [cm]

Vegetation 
height 1 

[cm]

Vegetation 
height 2 

[cm]

Vegetation 
height 3 

[cm]

Vegetation 
height 4 

[cm]

Vegetation 
height 5 

[cm]

Mean 
vegetation 
height [cm]

5 1980 48 BL Zwingen beim Baumarkt Diluvium Hochterassenschotter 607110 254380 Sheep pasture 25 355
7 1980 100 BL Röschenz ob Ammergersten Diluvium Verlehmter Gehängeschutt 600680 254720 Sheep pasture 15 630
8 1980 100 BL Dittingen unterhalb Schemel unter. Rauracien Liesbergsch. Mergelkalk 604150 254650 Sheep pasture 25 430
9 1980 120 BL Dittingen unterhalb Schemel unter. Rauracien Liesbergsch. Mergelkalk 604170 254680 Sheep pasture 25 440
14 1980 400 JU Develier Les Vies Bathonien Kalk 587590 247450 Sheep pasture 10 840
15 1980 150 JU Develier Les Vies Bathonien Kalk 587660 247325 Sheep pasture 20 795
16 1980 150 JU Develier Les Vies Callovien Mergelkalk 587640 247160 Sheep pasture 15 765
18 1980 64 BL Büsserach Schlossrain u.Ruine Séquanien Mergel - Mergelkalk 607520 248305 Sheep pasture 30 455
21 1980 100 SO Himmelried Schindelboden Séquanien Kalk 610300 252610 Sheep pasture 25 510
24 1980 100 SO Himmelried am Gotthard Rauracien Kalk 612450 252510 Sheep pasture 20 730
25 1980 100 SO Himmelried am Gotthard Rauracien Kalk 612440 252475 Sheep pasture 15 710
27 1980 160 SO Meltingen Rainacker Hauptmuschelkalk Kalk 611215 248600 Sheep pasture 45 610
40 1980 100 BL Rothenfluh Dübach unter. Rauracien Mergelkalk 637260 257780 Sheep pasture 20 530
41 1980 400 BL Rothenfluh Dübach unter. Rauracien Mergelkalk 637060 257660 Sheep pasture 25 540
42 1980 200 BL Rothenfluh Dübach unter. Rauracien Mergelkalk 637060 257620 Sheep pasture 20 530
43 1980 150 AG Wittnau Südhang Horn ober. Dogger Kalk 639130 258890 Sheep pasture 20 510
44 1980 80 AG Wittnau Rotel ober. Dogger Kalk 639475 257730 Sheep pasture 35 575
46 1980 100 AG Hornussen Eichhof ober. Dogger Kalk 647980 261220 Sheep pasture 20 430
47 1980 100 AG Hornussen vor Eichhof ober. Dogger Kalk 647770 261240 Sheep pasture 25 400
48 1980 100 AG Bözen Breiti Argovien Kalk, koll. Überschüttet 649150 261420 Sheep pasture 15 440
50 1980 100 AG Bözen Breiti Argovien Kalk, koll. Überschüttet 649060 261430 Sheep pasture 30 450
51 1980 90 AG Talheim Milchbrunnen Argovien Kalk, koll. Überschüttet 649740 254990 Sheep pasture 30 520
52 1980 100 AG Talheim Hard Argovien Kalk, koll. Überschüttet 648930 254450 Sheep pasture 25 580
62 1980 100 BL Waldenburg hintere Blüemlisalp ob. Rauracien Effingersch., Mergel 622510 247740 Sheep pasture 20 660
63 1980 100 BL Liederstwil Fridhag Hauptmuschelkalk Kalk, koll. Überschüttet 621335 249260 Sheep pasture 30 680
64 1980 50 BL Liedertswil Fridhag Hauptmuschelkalk Kalk, koll. Überschüttet 621300 249280 Sheep pasture 25 690
67 1980 50 SO Nunningen oberhalb Riseten Alluvium Bergsturzm., verl Kalke 614140 249460 Sheep pasture 25 695
72 1980 100 SO Nunningen oberhalb Riseten Bergsturzm., verl Kalke 614065 249420 Sheep pasture 25 690
5 2020 48 BL Zwingen beim Baumarkt Diluvium Hochterassenschotter 2607105 1254386 2 Sheep pasture 165 0.97 25 354 5 100 0 0 na 99 1.5 1 50 0 0 2 98 21 25 18 16 20 20 28 27 28 25 25 26.6
7 2020 100 BL Röschenz ob Ammergersten Diluvium Verlehmter Gehängeschutt 2600676 1254716 2 Horse pasture 220 0.77 22 617 6 97 0 0 na 95 1.15 2 10 0 0 2 98 25 13 15 18 15 17.2 3 7 10 13 10 8.6
8 2020 100 BL Dittingen unterhalb Schemel unter. Rauracien Liesbergsch. Mergelkalk 2604153 1254647 2 Meadow 180 1.00 15 425 9 95 0 0 na 92 1.2 3 25 2 0 1 99 10 12 15 17 15 13.8 21 18 25 15 16 19
9 2020 120 BL Dittingen unterhalb Schemel unter. Rauracien Liesbergsch. Mergelkalk 2604170 1254674 1 Meadow 200 0.94 19 432 12 92 0 0 na 90 1.4 2 20 0 0 0 100 20 12 16 14 5 13.4 14 18 15 14 15 15.2
14 2020 400 JU Develier Les Vies Bathonien Kalk 2587581 1247438 2 Sheep pasture 200 0.94 15 830 15 78 0 0 na 75 0.7 3 20 2 5 5 90 22 14 15 5 10 13.2 7 5 10 4 8 6.8
15 2020 150 JU Develier Les Vies Bathonien Kalk 2587657 1247333 1 Sheep pasture 200 0.94 18 801 10 90 0 0 na 90 1.2 0 10 0 0 2 98 38 30 18 32 22 28 18 14 12 28 17 17.8
16 2020 150 JU Develier Les Vies Callovien Mergelkalk 2587640 1247165 2 Sheep pasture 180 1.00 20 763 15 96 0 0 na 95 0.7 1 10 0 0 5 95 18 20 15 22 15 18 20 18 13 10 15 15.2
18 2020 64 BL Büsserach Schlossrain u.Ruine Séquanien Mergel - Mergelkalk 2607506 1248312 1 Sheep pasture 270 0.00 35 450 10 95 0 0 na 90 1.4 5 10 2 1 1 98 5 6 12 8 10 8.2 18 16 20 18 21 18.6
21 2020 100 SO Himmelried Schindelboden Séquanien Kalk 2610299 1252592 2 Cattle pasture 185 1.00 18 509 12 60 0 0 na 60 1.1 0 3 0 0 0 100 8 5 10 14 6 8.6 1 1 3 5 1 2.2
24 2020 100 SO Himmelried am Gotthard Rauracien Kalk 2612444 1252508 2 Sheep pasture 190 0.98 25 722 8 92 0 0 na 84 1.3 6 10 5 5 10 85 15 8 16 10 11 12 4 6 8 8 6 6.4
25 2020 100 SO Himmelried am Gotthard Rauracien Kalk 2612441 1252465 2 Sheep pasture 190 0.98 31 745 10 100 0 0 na 95 1.6 5 10 10 0 1 99 14 12 14 12 14 13.2 25 40 18 22 26 26.2
27 2020 160 SO Meltingen Rainacker Hauptmuschelkalk Kalk 2611198 1248601 1 Sheep pasture 200 0.94 35 622 22 75 0 7 3 75 1.3 0 15 0 2 3 95 22 28 26 28 25 25.8 12 16 16 15 4 12.6
40 2020 100 BL Rothenfluh Dübach unter. Rauracien Mergelkalk 2637257 1257765 2 Cattle pasture 230 0.64 25 539 11 80.1 0 0 na 80 1.3 0 15 0 0.5 0.5 99 5 8 11 5 8 7.4 7 16 10 8 10 10.2
41 2020 400 BL Rothenfluh Dübach unter. Rauracien Mergelkalk 2637070 1257662 1 Cattle pasture 200 0.94 28 540 14 75.01 0 0 na 75 1 0.1 10 0.1 2 3 95 15 8 10 7 8 9.6 10 10 11 12 3 9.2
42 2020 200 BL Rothenfluh Dübach unter. Rauracien Mergelkalk 2637059 1257621 3 Cattle pasture 220 0.77 20 539 10 80.1 0 0 na 80 1.64 0.1 15 0.1 0 3 97 10 10 16 18 19 14.6 8 17 25 20 17 17.4
43 2020 150 AG Wittnau Südhang Horn ober. Dogger Kalk 2639129 1258881 3 Meadow 200 0.94 9 487 10 80 0 0 na 75 1.2 5 30 0 0 0 100 18 13 10 14 18.5 14.7 3 12 4 10 8.5 7.5
44 2020 80 AG Wittnau Rotel ober. Dogger Kalk 2639477 1257727 1 Cattle pasture 220 0.77 15 465 90 0 0 na 85 0.8 5 20 0 2 3 95 4 9 10 13 9 9 10 10 12 14 12 11.6
46 2020 100 AG Hornussen Eichhof ober. Dogger Kalk 647974 261221 1 Sheep pasture 180 1.00 25 420 15 98 0 0 na 95 1.65 3 10 3 0 2 98 20 20 24 21 22 21.4 20 16 24 22 25 21.4
47 2020 100 AG Hornussen vor Eichhof ober. Dogger Kalk 2647752 1261241 1 Cattle pasture 180 1.00 28 415 10 92 0 0 na 82 1 10 15 0 1 2 97 14 10 10 12 14 12 10 16 18 10 18 14.4
48 2020 100 AG Bözen Breiti Argovien Kalk, koll. Überschüttet 649153 261412 2 Meadow 210 0.87 22 436 13 90 0 0 na 85 1.45 5 15 5 5 5 90 18 23 15 18 30 20.8 25 22 25 22 23 23.4
50 2020 100 AG Bözen Breiti Argovien Kalk, koll. Überschüttet 2649057 1261430 1 Sheep pasture 220 0.77 23 464 11 90 0 0 na 89 1.4 1 20 0 2 5 93 10 11 30 15 12 15.6 20 21 16 18 14 17.8
51 2020 90 AG Talheim Milchbrunnen Argovien Kalk, koll. Überschüttet 264973 1254984 1 Cattle pasture 180 1.00 25 520 10 90 0 0 na 85 1.4 5 12 0 0 2 98 14 18 18 17 20 17.4 10 9 16 17 11 12.6
52 2020 100 AG Talheim Hard Argovien Kalk, koll. Überschüttet 2648932 1254452 2 Meadow 180 1.00 22 581 7 75 0 0 na 65 0.22 10 35 0 0 2 98 18 13 12 15 10 13.6 9 8 10 8 10 9
62 2020 100 BL Waldenburg hintere Blüemlisalp ob. Rauracien Effingersch., Mergel 2622511 1247739 2 Sheep pasture 160 0.94 27 664 4 98 0 0 na 78 0.35 20 3 0 0 1 99 22 35 30 25 28 28 4 5 4 4 7 4.8
63 2020 100 BL Liederstwil Fridhag Hauptmuschelkalk Kalk, koll. Überschüttet 2621335 1249272 2 Sheep pasture 200 0.94 33 686 95 0 0 na 95 1.2 3 8 0 0 0 100 18 15 10 10 13 13.2 14 16 14 16 15 15
64 2020 50 BL Liedertswil Fridhag Hauptmuschelkalk Kalk, koll. Überschüttet 2621304 1249269 2 Sheep pasture 190 0.98 24 696 9 80 0 0 na 75 1.1 5 10 0 0 3 97 15 12 12 11 10 12 18 22 15 18 25 19.6
67 2020 50 SO Nunningen oberhalb Riseten Alluvium Bergsturzm., verl Kalke 2614138 1249452 1 Sheep pasture 230 0.64 28 687 15 65 0 0 na 90 1 15 25 5 0 5 95 18 23 23 19 25 21.6 8 15 12 7 10 10.4
72 2020 100 SO Nunningen oberhalb Riseten Bergsturzm. Verl. Kalke 2614075 1249420 1 Sheep pasture 180 1.00 25 687 10 80 0 0 na 77 0.9 3 10 5 3 5 92 15 24 17 17 21 18.8 10 15 7 12 13 11.4
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Supplemen E4. Species cover data of the 28 resurvey plots in 1980 and 2020. Species cover is given in %.

Anhang E4. Deckungsdatn der Arten in % für die 28 quasi-permanenten Aufnahmeflächen 1980 und 2020.

Plot ID % % 5 7 8 9 14 15 16 18 21 24 25 27 40 41 42 43 44 46 47 48 50 51 52 62 63 64 67 72 5 7 8 9 14 15 16 18 21 24 25 27 40 41 42 43 44 46 47 48 50 51 52 62 63 64 67 72
Year 1980 2020 1980 1980 1980 1980 1980 1980 1980 1980 1980 1980 1980 1980 1980 1980 1980 1980 1980 1980 1980 1980 1980 1980 1980 1980 1980 1980 1980 1980 2020 2020 2020 2020 2020 2020 2020 2020 2020 2020 2020 2020 2020 2020 2020 2020 2020 2020 2020 2020 2020 2020 2020 2020 2020 2020 2020 2020
Plot size [m2] 48 100 100 120 400 150 150 64 100 100 100 160 100 400 200 150 80 100 100 100 100 90 100 100 100 50 50 100 48 100 100 120 400 150 150 64 100 100 100 160 100 400 200 150 80 100 100 100 100 90 100 100 100 50 50 100
Vascular plant species richness 47 47 42 38 59 56 38 49 57 59 66 64 55 42 44 67 52 46 47 29 45 39 49 42 48 42 52 54 26 44 40 46 46 44 32 43 36 57 64 49 48 67 52 50 46 37 30 38 37 44 37 40 44 49 34 37
Acer campestre L. 4 11 0.5 1 8 0
Acer pseudoplatanus L. 0 7 5 0.1
Achillea millefolium aggr. 79 68 19.4 19.4 0.5 0.5 2.5 2.5 8.7 2.5 0.5 2.5 2.5 2.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 2.5 0.5 8.7 0.5 6 4 0.1 8 2 10 3 0.5 0.2 0.3 0.5 5 2 2 0.5 4 5 5
Acinos arvensis (Lam.) Dandy 11 0 0.5 0.5 0.5
Agrimonia eupatoria L. 43 43 0.5 0.5 0.5 0.1 0.5 0.5 0.1 0.5 0.5 0.5 0.1 0.5 8 3 2 3 0.1 7 2 5 0.1 7 0.2 0.2
Agrostis capillaris L. 21 0 0.5 0.5 0.5 0.5 0.5 0.5
Agrostis gigantea Roth 0 4 0.01
Ajuga reptans L. 32 4 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 8.7 0.3
Alchemilla vulgaris aggr. s.l. 7 7 0.1 0.5 0.5 5
Allium sp. 14 14 0.5 0.5 0.5 0.1 0.01 1 0 3
Anacamptis pyramidalis (L.) Rich. 7 0 0.5 0.1
Anthoxanthum odoratum L. 46 32 2.5 2.5 2.5 2.5 2.5 0.5 0.5 0.5 0.5 0.5 2.5 0.5 2.5 8 0.1 0.5 1 0.01 0.5 0.5 0.5 0.5
Anthriscus sylvestris (L.) Hoffm. 4 0 2.5
Anthyllis vulneraria L. 21 18 8.7 2.5 0.5 0.5 0.5 0.5 0.1 5 1 2 2
Aquilegia vulgaris L. 4 0 0.5
Arabis hirsuta (L.) Scop. 18 0 0.1 2.5 2.5 0.5 0.5
Arenaria serpyllifolia aggr. 18 14 0.5 2.5 0.5 0.5 2.5 0.2 1 0.01 0.01
Arrhenatherum elatius (L.) J. Presl & C. Presl 25 86 2.5 2.5 0.5 0.5 0.5 0.5 0.5 5 4 10 1 1 15 5 13 15 15 10 0.1 0.3 1 2 1 5 0.5 1 40 1 15 2 0.2
Arum maculatum L. 0 4 0.1
Asperula cynanchica aggr. 39 18 0.1 0.5 0.5 0.5 0.5 0.5 2.5 2.5 0.5 2.5 2.5 0.1 0.1 8 8 10
Aster amellus L. 14 0 0.5 0.5 0.5 0.1
Bellis perennis L. 57 7 8.7 8.7 0.5 0.5 0.5 2.5 0.5 8.7 0.5 0.5 0.5 8.7 0.5 0.5 8.7 2.5 0.01 0.1
Brachypodium pinnatum (L.) P. Beauv. 54 64 2.5 2.5 19.4 8.7 0.5 0.5 8.7 8.7 35.4 61.2 0.1 8.7 2.5 8.7 35.4 0.5 5 3 0.1 4 3 2 1 25 12 15 18 0.5 1 20 10 15 20
Briza media L. 50 36 0.5 0.5 0.5 0.5 2.5 2.5 0.5 0.5 0.5 0.5 0.5 8.7 0.5 0.1 3 0.1 10 1 7 4 3 5 3 2
Bromus erectus Huds. 93 96 0.5 0.5 0.5 2.5 8.7 19.4 8.7 35.4 19.4 19.4 35.4 35.4 35.4 19.4 8.7 35.4 35.4 35.4 8.7 8.7 2.5 0.5 35.4 35.4 8.7 8.7 80 3 65 65 20 8 20 3 40 30 30 50 35 50 50 15 50 60 55 15 25 65 3 60 50 40 50
Bromus hordeaceus L. 21 0 0.5 0.5 2.5 19.4 0.5 0.5
Buphthalmum salicifolium L. 7 0 0.5 0.5
Bupleurum falcatum L. 18 11 0.5 2.5 0.1 0.5 0.5 1 2 0.5
Calamintha nepeta aggr. 4 4 0.5 2
Calystegia sepium (L.) R. Br. 0 4 5
Campanula glomerata L. 11 4 0.5 0.5 0.5 0.1
Campanula patula L. 4 0 0.5
Campanula rapunculoides L. 0 7 0.1 0.01
Campanula rapunculus L. 0 7 2 2
Campanula rhomboidalis L. 0 7 0.5 1
Campanula rotundifolia aggr. 46 11 0.5 0.5 0.5 2.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.1 0.5 0.5 0.1 0.2
Cardamine pratensis aggr. 11 0 2.5 0.5 0.5
Carex caryophyllea Latourr 68 61 2.5 8.7 2.5 8.7 8.7 2.5 8.7 8.7 2.5 2.5 2.5 8.7 2.5 0.5 2.5 2.5 8.7 0.5 2.5 1 2 3 3 2 2 1 4 20 8 8 1 0.2 0.5 0.1 7 6
Carex flacca Schreb. 32 64 0.5 0.5 0.5 0.5 8.7 0.5 0.5 8.7 8.7 0.5 12 0.01 5 1 0.5 2 0.1 0.3 2 0.5 2 3 5 0.5 5 5 0.5
Carex pairae F. W. Schultz 0 4 0.5
Carlina acaulis L. 32 0 0.5 0.5 8.7 0.5 0.5 0.5 0.1 8.7 8.7
Carlina vulgaris aggr. 7 14 0.5 0.5 0.1 0.2 0.1 15
Centaurea jacea L. subsp. jacea 21 71 0.5 0.5 0.5 0.5 0.5 0.5 3 1 8 0.1 4 0.5 5 0.01 0.1 5 20 2 7 3 5 3 3 1 0.5 0.3
Centaurea jacea subsp. angustifolia Gremli 11 14 2.5 0.5 0.5 1 1 0.1 1
Centaurea scabiosa L. 29 43 0.5 0.5 0.5 0.5 0.5 8.7 0.5 0.5 5 8 20 0.5 0.5 2 5 4 2 3 7 8
Centaurium erythraea 14 0 0.1 0.1 2.5 0.5
Cerastium fontanum Baumg. 71 39 0.5 2.5 2.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 2.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.01 0.5 4 0.1 0.1 0.1 0.1 0.1 0.01 0.01
Cirsium acaule Scop. 32 7 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.1 5
Cirsium vulgare (Savi) Ten. 50 43 0.5 0.5 0.1 0.5 0.5 0.1 0.5 0.5 0.5 0.5 0.5 19.4 0.1 0.1 0.1 2 0.1 0.5 3 0.1 0.05 1 15 1 1 1
Clematis vitalba L. 4 4 0.1 5
Clinopodium vulgare L. 0 4 0.2
Colchicum autumnale L. 4 0 8.7
Convolvulus arvensis L. 11 32 0.1 0.5 0.5 5 0.2 0.1 0.1 12 2 2 20 1
Cornus sanguinea L. 0 7 2 4
Corylus avellana L. 0 4 0.5
Crataegus monogyna aggr. 11 21 0.5 0.5 0.5 0.5 1 8 0.8 1 1
Crepis biennis L. 7 0 0.5 0.1
Crepis capillaris Wallr. 14 21 0.5 0.5 0.5 0.5 0.1 5 13 7 0.1 1
Crepis foetida L. 7 0 0.1 0.5
Crepis vesicaria subsp. taraxacifolia (Thuill.) Thell. 7 0 2.5 0.5
Cruciata glabra (L.) Ehrend. 7 0 8.7 0.5
Cruciata laevipes Opiz 0 7 15 0.5
Cynoglossum officinale L. 0 4 0.1
Cynosurus cristatus L. 14 18 19.4 19.4 0.1 8.7 8 0.1 10 12 1
Dactylis glomerata L. 75 96 8.7 0.5 0.5 0.5 0.5 0.5 0.5 2.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 2.5 0.1 5 15 15 3 3 15 15 10 5 3 2 12 3 2 3 3 3 20 2 20 0.5 0.2 0.5 1 0.5 10 1
Dactylorhiza maculata (Rchb.) P. F. Hunt & Summerh. 7 0 8.7 2.5
Daucus carota L. 79 54 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 8.7 2.5 8.7 2.5 2.5 2.5 0.5 8.7 0.5 2.5 0.5 0.5 2.5 1 0.1 0.5 0.5 8 2 3 3 0.2 0.3 3 0.1 4 0.1 1
Dianthus carthusianorum L. 0 4 0.01
Dipsacus fullonum L. 0 4 1
Erigeron acris subsp. politus (Fr.) H. Lindb. 4 0 0.5
Euphorbia amygdaloides L. 0 11 1 1 0.1
Euphorbia cyparissias L. 7 21 0.5 0.5 3 4 0.5 0.3 0.1 0.1
Euphorbia platyphyllos L. 0 4 0.1
Euphorbia verrucosa L. 11 0 0.5 0.5 0.5
Euphrasia rostkoviana Hayne 4 0 0.5
Fagus sylvatica L. 0 14 0.5 2 1 0.1
Festuca arundinacea Schreb. 0 43 0.5 3 0.5 0.5 5 0.5 15 2 0.1 1 2 1
Festuca ovina aggr. s.l. 75 36 35.4 0.5 19.4 35.4 0.5 8.7 8.7 2.5 8.7 2.5 2.5 0.5 8.7 19.4 19.4 0.5 0.5 0.5 2.5 19.4 8.7 1 0.5 0.5 10 0.1 2 0.5 0.1 15 10
Festuca pratensis Huds. 0 14 0.01 0.1 0.1 0.1
Festuca rubra aggr. 32 68 0.5 2.5 19.4 8.7 8.7 19.4 8.7 8.7 2.5 45 8 5 15 1 5 50 7 10 0.1 0.1 5 5 5 0.2 60 0.5 0.1 1
Fragaria vesca L. 4 11 0.5 0.1 1 1
Fraxinus excelsior L. 0 18 0.1 4 0.01 0.01 0.01
Galium mollugo aggr. 89 89 0.5 19.4 0.5 0.5 8.7 0.5 0.5 0.5 2.5 0.5 8.7 2.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 2.5 2.5 2.5 2.5 2.5 1 4 2 1 20 3 20 8 5 10 0.5 0.3 1 1 5 2 1 3 5 1 10 1 6 7 2
Galium pumilum aggr. 32 7 0.5 0.5 8.7 2.5 0.5 2.5 0.5 0.5 8.7 8 0.3
Galium verum L. 25 32 0.1 0.5 2.5 2.5 0.5 2.5 0.5 0.5 3 5 0.5 0.2 5 5 3 0.1
Gentiana cruciata L. 14 0 8.7 8.7 0.1 0.5
Geranium columbinum L. 21 4 2.5 0.5 0.5 2.5 8.7 2.5 0.01
Geranium dissectum L. 18 4 2.5 0.1 0.5 0.5 0.5 0.01
Geranium molle L. 14 7 19.4 0.5 0.5 0.5 0.1 0.5
Geranium rotundifolium L. 0 4 0.1
Glechoma hederacea L. 21 21 0.5 0.5 0.5 0.5 19.4 0.5 0.3 3 0.01 0.5 0.1 0.1
Gymnadenia conopsea (L.) R. Br. 11 0 0.5 0.5 0.5
Hedera helix L. 0 7 0.5 0.5
Helianthemum nummularium (L.) Mill. 18 11 0.5 0.5 0.5 2.5 0.5 8 1 0.1
Helictotrichon pubescens (Huds.) Pilg. 29 4 0.5 0.5 0.5 2.5 0.5 0.5 0.5 0.1 0.1
Helleborus foetidus L. 7 7 0.1 0.5 0.5 0.5
Heracleum sphondylium L. 0 11 0.01 0.01 1
Hieracium pilosella L. 64 50 0.1 0.5 2.5 0.5 0.5 0.5 2.5 2.5 0.5 2.5 0.5 0.5 0.5 0.1 2.5 0.1 19.4 0.5 0.01 20 10 3 5 3 3 15 1 12 4 20 25 13
Hippocrepis comosa L. 25 14 8.7 0.5 0.5 8.7 2.5 0.5 0.1 3 0.3 0.2 3
Holcus lanatus L. 36 50 0.5 8.7 8.7 8.7 0.5 2.5 0.5 0.5 0.5 2.5 10 1 0.1 20 15 5 0.5 2 0.01 1 0.5 1 0.1 0.5
Hypericum perforatum L. 39 50 0.5 0.5 8.7 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 7 1 2 1 0.1 9 5 3 0.1 1 5 6 7 0.1
Hypericum tetrapterum Fr. 0 4 0.5
Hypochaeris radicata L. 11 21 8.7 8.7 0.5 2 2 0.5 0.5 0.2 0.2
Inula conyzae (Griess.) Meikle 14 14 0.5 0.5 0.5 0.1 0.02 0.5 3 2
Knautia arvensis (L.) Coult. 61 64 0.1 0.5 8.7 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.1 0.5 0.5 0.5 2 2 8 2 2 3 0.2 1 0.5 1 0.5 7 8 0.1 0.1 1
Knautia dipsacifolia Kreutzer 0 7 3 0.5
Koeleria pyramidata (Lam.) P. Beauv. 21 14 0.5 0.5 2.5 2.5 0.5 0.5 0.5 1 0.5 0.5
Lapsana communis L. 0 4 0.5
Lathyrus pratensis L. 50 71 0.5 0.5 0.5 2.5 0.5 0.5 2.5 2.5 0.5 8.7 0.5 0.5 0.5 0.5 1 4 0.1 0.05 3 2 1 0.5 0 0.2 0.1 0.2 0.3 3 0.1 10 3 2 0.1 1
Lathyrus vernus (L.) Bernh. 0 4 0.2
Leontodon hispidus L. 68 32 19.4 8.7 0.5 0.5 8.7 8.7 0.5 0.1 8.7 8.7 2.5 8.7 0.5 0.5 8.7 0.5 8.7 0.5 0.5 0.5 0.1 2 0.05 0.1 0.1 1 0.1 0.5
Leucanthemum vulgare aggr. 64 57 0.5 8.7 0.5 0.5 0.5 8.7 0.5 0.5 2.5 0.5 0.5 0.5 2.5 0.5 2.5 0.5 0.5 0.5 0.1 3 0.01 1 0.1 1 2 0.8 0.1 0.01 0.1 0.5 0.1 0.5 3 1
Linum catharticum L. 82 14 0.5 0.5 0.5 0.5 0.5 2.5 2.5 2.5 0.5 2.5 2.5 2.5 2.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.1 0.01 0.1 0.01
Lolium multiflorum Lam. 7 11 0.1 0.5 8 0.3 3
Lolium perenne L. 25 21 8.7 2.5 0.5 0.5 0.5 2.5 2.5 4 0.1 1 0.1 0.1 2
Lotus corniculatus L. 93 96 0.5 8.7 0.5 0.5 0.5 2.5 0.5 0.5 0.5 0.5 0.5 2.5 8.7 2.5 8.7 0.5 8.7 0.5 2.5 0.5 0.5 0.5 0.5 0.5 0.5 2.5 4 1 0.5 5 0.5 0.01 2 1 0.5 1 4 0.5 2 3 3 10 3 0.3 0.5 3 8 8 5 1 3 4 5
Luzula campestris (L.) DC. 29 7 0.5 0.5 0.5 2.5 0.5 0.5 0.5 0.5 3 0.1
Lysimachia nummularia L. 11 11 0.1 0.5 0.1 0.2 0.01 6
Lythrum salicaria L. 0 4 0.5
Medicago lupulina L. 86 75 0.5 0.5 0.5 0.5 2.5 0.5 0.5 0.5 0.5 2.5 8.7 2.5 8.7 0.5 8.7 0.5 2.5 0.5 0.5 0.5 0.5 0.5 0.5 2.5 0.1 2 3 0.1 0.1 1 1 0.1 1 0.1 1 1 1 2 0.5 0.5 0.3 1 0.5 3 6
Medicago sativa aggr. 14 4 0.5 0.5 0.5 0.5 3
Melilotus officinalis Lam. 0 4 1
Mentha arvensis L. 0 4 2
Mercurialis perennis L. 0 4 0.5
Milium effusum L. 0 4 8
Myosotis arvensis Hill 36 0 0.5 0.5 0.1 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Myosotis sylvatica aggr. 4 0 0.5
Onobrychis viciifolia aggr. 7 14 0.1 0.5 2 5 0.5 10
Ononis spinosa aggr. 39 32 0.5 0.1 2.5 0.5 0.5 0.5 0.5 8.7 8.7 0.5 2.5 0.2 2 8 2 10 2 35 2 8
Ophrys apifera Huds. 7 0 0.5 0.1
Orchis mascula (L.) L. 7 0 0.5 0.5
Origanum vulgare L. 43 32 19.4 19.4 8.7 0.1 0.5 0.5 0.5 8.7 0.5 0.1 8.7 8.7 6 2 10 15 3 3 15 3 0.2
Orobanche sp. 4 0 0.5
Phleum pratense aggr. 0 25 10 4 0.5 10 10 0.01 1
Picris hieracioides L. 21 14 8.7 0.1 0.5 0.5 0.5 0.5 3 0.01 0.1 2
Pimpinella major (L.) Huds. 4 0 0.5
Pimpinella saxifraga aggr. 68 50 8.7 2.5 8.7 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 2.5 0.5 0.1 0.5 0.5 8.7 2 1 0.5 1 0.5 0.1 0.3 0.1 0.1 0.1 1 2 6 1
Plantago lanceolata L. 75 82 0.5 8.7 0.5 2.5 0.5 2.5 0.5 0.5 2.5 0.5 0.5 8.7 0.5 2.5 0.5 0.5 0.5 0.5 0.5 0.5 2.5 8 0.5 0.1 8 5 2 10 1 0.5 5 0.3 0.5 0.5 3 1 0.1 5 0.2 1 0.5 1 10 2
Plantago major L. subsp. major 0 18 7 0.1 0.01 0.1 0.01
Plantago media L. 75 64 0.5 0.5 0.5 0.5 0.5 0.5 0.1 8.7 0.5 8.7 19.4 0.5 0.5 2.5 0.5 0.5 0.5 0.5 0.5 8.7 19.4 0.5 10 0.2 2 0.1 0.5 3 2 10 5 3 7 2 0.5 7 12 4 12
Poa pratensis aggr. 71 75 2.5 0.5 35.4 2.5 0.5 2.5 0.5 0.5 0.5 0.5 2.5 0.5 2.5 0.5 0.5 2.5 2.5 2.5 2.5 8.7 0.5 5 3 0.5 4 10 2 0.1 2 4 5 2 5 5 5 5 0.1 0.5 0.2 2 2
Poa trivialis L. 36 0 0.5 2.5 0.5 2.5 0.5 0.5 8.7 2.5 2.5 2.5
Polygala amarella Crantz 7 0 2.5 0.5
Polygala comosa Schkuhr 7 0 0.5 0.5
Polygala vulgaris L. 14 0 0.5 2.5 0.5 0.5
Polygonum aviculare aggr. 0 4 0.5
Potentilla erecta (L.) Raeusch. 14 0 0.5 0.1 0.5 0.5
Potentilla recta L. 0 4 8
Potentilla reptans L. 11 68 0.5 0.5 0.5 0.5 1 2 2 1 1 2 0.3 0.1 0.3 0.3 2 2 1 5 0.1 1 5 3
Potentilla sterilis (L.) Garcke 14 7 0.5 0.5 0.5 2.5 0.1 0.2
Potentilla verna L. 46 14 0.5 0.5 0.5 0.5 2.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 2 0.5 0.5
Primula elatior (L.) L. 4 0 0.1
Primula veris L. 50 36 0.1 0.5 0.5 0.5 19.4 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 2 0.2 0.1 0.01 0.01 0.5 0.2 3 0.2
Prunella grandiflora (L.) Scholler 18 4 0.5 8.7 2.5 0.5 0.5 8
Prunella vulgaris L. 71 64 0.5 8.7 0.5 0.5 2.5 0.5 0.5 0.5 0.5 0.5 0.5 19.4 0.5 0.5 0.5 2.5 0.5 0.5 19.4 19.4 15 0.1 4 5 5 10 5 8 3 3 5 0.3 3 6 3 3 0.5 1
Prunus avium L. 0 14 5 0.1 0.01 0.2
Prunus domestica L. 0 4 0
Prunus spinosa L. 29 0 0.5 0.5 8.7 0.5 0.5 0.5 0.5 0.5
Quercus robur L. 0 18 0.01 0.2 0.5 0 0.1
Ranunculus acris subsp. friesianus (Jord.) Syme 14 21 0.5 0.5 0.5 8.7 3 5 1 1 0.5 10
Ranunculus bulbosus L. 82 64 2.5 0.5 0.5 8.7 8.7 8.7 8.7 0.5 2.5 2.5 2.5 0.5 0.5 2.5 0.5 2.5 0.5 2.5 0.5 2.5 0.5 0.5 2.5 0.5 0.1 1 5 1 5 0.01 0.3 0.5 0.1 0.2 0.1 0.1 1 1 1 3 0.5
Ranunculus tuberosus aggr. 11 0 2.5 2.5 8.7
Rhamnus cathartica L. 0 4 0.01
Rhinanthus alectorolophus (Scop.) Pollich 0 4 0.5
Rosa sp. 7 36 0.5 0.5 2 0.5 1 5 0.01 0.01 0.5 1 0.5 0.5
Rubus fruticosus aggr. s.l. 0 7 0.5 1
Rubus idaeus L. 0 7 0.1 3
Rumex acetosa L. 32 54 0.5 8.7 0.5 0.5 0.1 0.5 0.5 0.5 0.5 0.5 0.1 5 0.5 2 3 2 0.5 0.1 0.1 0.3 0.5 0.1 0.5 0.1
Salvia pratensis L. 61 75 35.4 8.7 19.4 0.5 8.7 0.1 0.5 19.4 0.5 8.7 8.7 0.5 0.5 0.5 8.7 0.5 0.5 2 2 5 2 3 7 0.5 8 7 0.01 15 15 0.5 3 2 1 2 4 5 3 0.1
Sanguisorba minor Scop. 93 93 2.5 0.5 0.5 0.5 8.7 8.7 0.5 0.5 2.5 8.7 19.4 2.5 0.5 0.5 0.5 0.5 2.5 2.5 0.5 0.5 0.5 0.5 2.5 0.5 2.5 2.5 1 9 1 10 2 2 3 3 3 3 3 1 12 2 15 3 2 8 2 1 3 3 3 4 5 5
Scabiosa columbaria L. 46 50 2.5 0.5 0.5 0.5 2.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 2 0.2 3 7 1 7 0.5 0.5 0.5 0.1 5 0.5 6
Securigera varia L. 21 18 0.1 0.1 0.5 0.5 8.7 0.5 6 0.2 0.5 8 12
Sedum sexangulare L. 43 4 0.5 0.5 8.7 0.5 0.5 0.1 0.5 8.7 2.5 0.5 0.5 0.5 3
Senecio erucifolius L. 7 0 0.5 0.5
Senecio jacobaea L. 32 21 0.5 0.5 0.5 0.5 0.5 0.5 0.5 8.7 0.1 0.1 0.1 0.1 0.1 0.5 0.5
Senecio vulgaris L. 0 4 1
Silene nutans L. 0 4 0.01
Silene pratensis (Rafn) Godr. 0 4 3
Silene vulgaris (Moench) Garcke 11 7 0.1 0.5 0.5 0.1 5
Sonchus asper Hill 18 0 0.1 0.1 0.1 0.5 0.5
Sonchus oleraceus L. 0 11 0.5 0.1 0.5
Stachys officinalis (L.) Trevis 18 18 0.5 0.5 8.7 8.7 8.7 12 0.1 5 6 1
Stachys recta L. 11 11 8.7 0.5 0.5 3 10 0.2
Stellaria graminea L. 7 0 0.5 0.1
Taraxacum officinale aggr. 39 68 0.5 0.5 0.5 0.5 0.1 0.5 0.5 0.1 0.5 0.5 0.5 8 0.1 0.1 3 15 8 1 3 5 0.2 1 0.1 2 0.5 6 0.2 2 0.1 0.1
Teucrium chamaedrys L. 36 7 8.7 0.5 19.4 8.7 8.7 0.5 0.5 0.5 19.4 0.5 5 12
Thesium pyrenaicum Pourr. 14 0 2.5 0.5 0.5 0.5
Thlaspi perfoliatum L. 29 14 0.5 0.5 0.5 2.5 0.5 0.5 0.5 0.5 0.01 0 0.01 0.01
Thymus pulegioides L. 93 75 8.7 0.5 19.4 35.4 8.7 2.5 0.5 19.4 0.5 2.5 19.4 2.5 2.5 19.4 8.7 2.5 8.7 19.4 8.7 0.5 8.7 0.5 8.7 8.7 19.4 8.7 20 5 16 3 1 55 3 10 8 12 5.1 0.1 10.2 8 8.2 12 0.51 6 10 15 15
Tragopogon pratensis L. 7 25 0.1 0.1 0.01 8 0.1 0.1 0.01 0.3 0.1
Trifolium campestre Schreb. 11 0 0.5 0.5 0.5
Trifolium dubium Sibth. 7 4 0.5 0.5 0.2
Trifolium medium L. 21 11 0.1 0.5 0.5 0.5 0.5 0.5 1 0.5 0
Trifolium montanum L. 18 4 19.4 8.7 0.5 0.5 19.4 0.2
Trifolium ochroleucon Huds. 4 0 0.5
Trifolium pratense L. 68 86 0.5 2.5 2.5 8.7 2.5 8.7 8.7 2.5 2.5 0.5 0.5 0.5 0.5 8.7 0.5 0.5 0.5 0.5 2.5 0.1 4 0.5 0.1 0.1 6 10 10 1 5 0.3 1 2 0.3 30 0.5 6 3 2 2 8 5 2 0.1
Trifolium repens L. 75 50 0.5 2.5 0.5 2.5 8.7 8.7 8.7 0.5 2.5 8.7 2.5 0.5 0.5 8.7 0.5 0.5 0.5 35.4 0.5 2.5 2.5 2 0.5 2 8 1 0.3 2 0.5 1 0.1 1 3 1 0.2
Trisetum flavescens (L.) P. Beauv. 64 46 2.5 0.5 0.5 2.5 0.5 0.5 0.5 0.5 0.5 0.5 2.5 8.7 2.5 0.5 2.5 0.5 0.5 0.5 0.5 1 20 2 20 10 0.5 5 0.5 15 1 2 0.1
Valeriana dioica L. 4 0 0.5
Valeriana officinalis aggr. 11 0 0.5 0.5 0.5
Valerianella locusta aggr. 4 0 2.5
Verbascum nigrum L. 0 7 0.1 0.1
Verbena officinalis L. 11 11 0.5 0.5 0.5 0.1 0.01 0.01
Veronica arvensis L. 39 0 0.5 2.5 0.5 0.5 0.5 0.5 0.5 2.5 0.5 0.5 0.5
Veronica chamaedrys L. 54 50 0.5 0.5 0.5 2.5 35.4 8.7 0.5 0.5 2.5 0.5 0.5 8.7 0.5 0.5 0.5 0.5 0.5 8 3 0.1 0.5 0.1 0.5 0.3 0.1 0.2 0.2 5 0.1
Veronica persica Poir. 0 4 0.1
Veronica serpyllifolia L. 14 0 0.5 0.5 0.5 0.5
Veronica teucrium L. 0 7 0.5 2
Vicia cracca L. 32 29 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 6 1 2 10 5 5 1 1
Vicia sativa L. 36 4 0.5 0.5 0.1 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.01
Vicia sepium L. 18 32 0.5 0.5 0.5 0.5 0.5 1 5 0.2 0.1 0.01 0.01 0.3 0.2 0.1
Vincetoxicum hirundinaria Medik. 7 14 0.5 0.5 0.01 2 4 0.01
Viola hirta L. 43 39 0.5 0.5 0.5 0.5 0.5 0.5 0.5 2.5 0.5 0.5 0.5 0.5 3 0.1 0.01 0.5 0.2 0.1 0.1 0.01 0.5 13 2



Charmillot et al: Vegetation change in meso-xeric grasslands of the Swiss Jura Mts. over  
40 years 

Supplement E5. All determined variables in comparison between 1980 and 2020. P/A = presence/absence-based, CW = cover-
weighted. Significant p-values are marked in bold. 

Anhang E5. Übersicht aller zwischen 1980 und 2020 verglichenen Variablen. P/A = vorkommensbasiert, CW = deckungsgewichtet. 
Signifikante p-Werte sind fett hervorgehoben. 

Variable Weighting  Mean 
1980 

Mean 
2020 p-value 

Biodiversity metrics     
Species richness n.a. 46.9 42.0 0.022  
Shannon diversity n.a. 2.79 2.70 0.257  
Shannon evenness n.a. 0.73 0.73 0.968  
Ecological indicator values    
Temperature value P/A 3.58 3.50 0.003  
Temperature value CW 3.51 3.44 0.217  
Continentality value P/A 3.33 3.25 0.004  
Continentality value CW 3.42 3.38 0.551  
Light value P/A 3.73 3.68 0.100  
Light value CW 3.69 3.75 0.204  
Moisture value P/A 2.42 2.56 < 0.001  
Moisture value CW 2.38 2.43 0.446  
Reaction value P/A 3.51 3.47 0.197  
Reaction value CW 3.58 3.47 0.029  
Nutrient value P/A 2.64 2.85 < 0.001 
Nutrient value CW 2.59 2.74 0.034  
Humus value P/A 3.02 3.01 0.782  
Humus value CW 3.00 2.99 0.722  
Mowing tolerance value P/A 2.66 2.64 0.836  
Mowing tolerance value CW 2.65 2.65 0.980  
CSR strategies     
Competition value P/A 1.03 1.18 < 0.001 
Competition value CW 1.10 1.28 0.001  
Ruderality value P/A 0.89 0.83 0.034  
Ruderality value CW 0.76 0.67 0.114  
Stress value P/A 1.08 0.99 0.006  
Stress value CW 1.14 1.05 0.167  
CCC P/A 1.24 4.05 <0.001  
CCC CW 0.50 4.12 0.001 
RRR P/A 0.08 0.26 0.283 
RRR CW 0.06 0.04 0.741 
SSS P/A 1.03 0.09 0.001 
SSS CW 0.66 0.05 0.092 
CCR/CRR P/A 9.20 6.81 0.086 
CCR/CRR CW 4.50 3.37 0.490 
CCS/CSS P/A 20.38 21.71 0.379 
CCS/CSS CW 36.40 41.46 0.321 
RRS/RSS P/A 9.70 6.21 <0.001 
RRS/RSS CW 4.88 2.39 0.013 
CRS P/A 49.21 50.11 0.586 
CRS CW 45.47 39.79 0.210 
Life forms     
Phanerophyte CW 0.01 0.57 0.098 
Nanophanerophyte CW 0.20 0.11 0.174 
Woody chamaephyte CW 1.95 0.59 0.121 
Herbaceous chamaephyte CW 10.30 6.35 0.020 
Nanophanerophyte-hemicryptophyte CW 0.00 0.07 0.206 
Chamaephyte-hemicryptophyte CW 0.00 0.01 0.171 
Hemicryptophyte CW 67.56 74.76 0.012 
Geophyte CW 4.91 3.78 0.362 
Therophyte CW 6.81 458 0.038 
Climber CW 0.13 1.02 0.005 
Hemiparasite CW 0.05 0.00 0.137 
Plant functional traits (categorical)    
Anemochory P/A 0.70 0.71 0.731 
Anemochory CW 0.59 0.56 0.055 
Zoochory P/A 0.84 0.82 0.569 
Zoochory CW 0.77 0.80 0.046 
Plant functional traits (metric or ordinal)   
Seed longevity (ordinal) CW 3.38 3.26 0.025 
Canopy height (log10 (m)) CW -0.61 -0.48 <0.001 
Seed mass (log10 (mg)) CW -0.05 0.14 <0.001 
SLA (log10 (mm2/mg)) CW 1.32 1.31 0.371 
Phytosociological alliances (fractional score)    
Arrhenatherion n.a. 0.10 0.12 0.005 
Cirsio-Brachypodion n.a. 0.04 0.05 0.560 
Cynosurion n.a. 0.09 0.09 0.948 
Diplachnion n.a. 0.06 0.06 0.290 
Geranion sanguinei n.a. 0.03 0.03 0.389 
Mesobromion n.a. 0.08 0.07 0.035 
Poion alpinae n.a. 0.08 0.07 0.210 
Polygono-Trisetion n.a. 0.07 0.07 0.841 
Stipo-Poion n.a. 0.04 0.04 0.745 
Trifolion medii n.a. 0.04 0.04 0.890 
Xerobromion n.a. 0.05 0.05 0.622 
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