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Abstract

In Switzerland, steppe vegetation is restricted to dry soils in inner alpine dry valleys in the
West (Valais) and the East (Grisons). They harbour many specialist and threatened species. In
2011, a long-term program was established to monitor changes in Swiss habitats of national
importance. Here, we studied patterns of vascular plant diversity in a subset of 148 steppe
plots of 10 m? from this program. Plots were either grazed or abandoned. On average, we
found 23.3 species per plot. The proportion of steppe specialists and of threatened species out
of the total species richness was 29.3% and 12.2%, respectively. The total number of species
increased with elevation and peaked at intermediate productivity levels. In contrast, the
proportion of threatened and steppe specialist species was generally negatively related to
higher productivity and wood cover — two factors considered as indicators of habitat
degradation. Abandonment vs. pasture had no effects on total species richness. Productivity
was positively related to ecological indicator values for moisture, competition and ruderality,
as well as the community mean traits of plant height and specific leaf area, but negatively
with the indicator value for light. Similarly, wood cover was positively associated with higher
ecological indicator values for productivity, moisture and competition, as well as the
community mean trait of plant height, but negatively with the indicator value for light and
ruderality. The negative response of threatened and steppe specialist vascular plant species to
habitat degrading factors suggests their proportional richness to be a better indicator of habitat
quality than the total species richness. We conclude that management regimes which
guarantee low productivity and wood cover and avoid intensification by fertilization and
irrigation are essential for the conservation of steppe habitats. Beside periodic clearing of

woody species, low-intensity grazing might prevent shrub encroachment.

Keywords: Elevational gradient, ecological indicator values, functional traits, remote sensing,

steppe vegetation, vascular plant diversity
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1. Introduction

Since 1945, approximately 95 % of the dry grassland area in Switzerland has been lost,
mainly due to land-use intensification and abandonment (Lachat et al., 2010) and habitat
quality is still decreasing particularly in higher elevated areas (Boch et al., 2019). These major
drivers of habitat degradation and loss cause a general decline in biodiversity and are
responsible for the threatening of a large number of species (Visconti et al., 2018). In
Switzerland, 35 % of about 350 dry grassland species are considered threatened and many
formerly unthreatened species have recently been re-classified as potentially threatened
(Bornand et al., 2016).

To protect its biodiversity as well as to prevent further habitat loss and the extinction of
endangered species, Switzerland designated about 7000 sites of national importance since the
early 1990s. These nationally important sites are legally protected and include fens, bogs, dry
grasslands, riparian areas, flood plains and amphibian breeding sites. The dry grasslands of
national importance comprise 3631 sites and consist of meadows and pastures of various
vegetation types, representing about 0.5% of the country’s land area. Between 1995 and 2006
predefined key species were surveyed in more than 10,000 vegetation plots within these sites.
On the basis of this inventory, conservation objectives and measures were defined. To
maintain the habitat quality and the typical species composition of managed sites (e.g. dry
grasslands and fens), land owners and farmers are under contract with the particular canton,
including limitation of intensification, e.g. low-intensity grazing and no fertilizer use is
compulsory (Eggenberg et al., 2001; BAFU, 2017a, b, c).

In Switzerland, steppe vegetation is restricted to dry soils on sediment deposits, moraine tracts
or rocks and grows mainly on steep southern-facing slopes in inner alpine dry valleys in the
West (Canton Valais) and the East (Canton Grisons) up to about 3000 m a.s.l. These
xerothermic vegetation complexes harbour a particular rich flora, comprising different

elements such as steppic species at their westernmost range outposts, sub-Mediterranean
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species, dealpine and European dry grassland species (Dengler et al., 2019). In other regions
of Switzerland, outside of the inner alpine dry valleys, steppe-like vegetation types occur, but
rather represent transitions to other more mesic dry grassland types than steppes. Steppe
vegetation similar to those of Switzerland are found in adjacent inner alpine dry valleys such
as Aosta or Venosta in Italy. Braun-Blanquet (1961) therefore mentioned Swiss steppes to
substantially diverge from “real” climatic steppes of the Iberian Peninsula or in eastern
Europe, as they mostly are defined by orography, pedology and human land use, occur in
isolated patches within a climatic forest zone and thus represent a mixture of different floristic
elements. Despite a low biomass productivity and quality (KI6tzli et al., 2010), Swiss steppes
are traditionally grazed with sheep, goat or even cattle (Frey, 1934; Delarze et al., 2015),
sometimes in combination with traditional irrigation via artificial open water channel systems
(Christ, 1879; Crook and Jones, 1999). The abandonment of these traditional land-use system,
particularly in less accessible areas, is still proceeding (Graf et al., 2014) and leads to habitat
degradation, i.e. encroachment by woody species (Volkart-Duperret and Godat, 2008; Erdés
et al., 2013; Riedener et al., 2014). Besides abandonment, additional threats to the steppes in
inner alpine dry valleys are the expansion of vineyards and settlements, but also land-use
intensification by fertilization and modern irrigation methods such as aerial sprinkler systems
(Delarze et al., 2015; Humbert et al., 2016; Boch et al., 2018a), which distribute water much
more efficiently and homogeneously than the traditional water-channel systems (Crook and
Jones, 1999). While the negative effects of intensification on grassland diversity and
composition are well explored (Allan et al., 2014; Gossner et al., 2016), land-use
abandonment effects might differ among vegetation types (Kampf et al., 2016; Valko et al.,
2018) and are largely unexplored in Swiss steppes (but see Riedener et al., 2014).

Despite their well-known floristic uniqueness, literature on Swiss steppes is scarce and mainly
restricted to descriptive books and book chapters or to less accessible grey literature, mainly

focusing on vegetation classification and the floristic and ecological characterization of steppe
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vegetation types (Christ, 1879; Frey, 1934; Braun-Blanquet, 1961; Dengler, 2018; reviewed
in Schwabe and Kratochwil, 2004). Systematic studies on diversity patterns along
environmental gradients, among land-use types or regarding functional traits are largely
missing (but see Schwabe and Kratochwil, 2004). For instance, elevational gradients reflect a
transition from warmer low-elevation to colder high-elevation conditions corresponding with
— at least in the European Alps — increasing mean annual precipitation. Elevational gradients
are thus a substitute for complex climatic gradients and can be used to investigate diversity
and species composition patterns. Such species richness-elevation relationships are well
explored for various habitats and taxa, with a mid-elevational peak being the most common
relationship (McCain and Grytnes, 2010). However, biodiversity patterns along elevational
gradients have not been studied among Swiss steppes.

Similarly, species richness of vascular plants is commonly used as biodiversity indicator.
Total species richness does, however, not necessarily reflect the conservation status or the
habitat quality of a site, different indicators such as proportional richness of threatened or
specialist species might be better indicators (Boch et al., 2013a, b). In addition, vascular plant
species may be further classified according to their ecological preferences, i.e., by using
ecological indicator values (Ellenberg et al., 2001; Landolt et al., 2010). Ecological indicator
values are an important and widely used tool to characterise site conditions and temporal
changes of vegetation plots (Diekmann, 2003; Czortek et al, 2018). They describe the realised
niche of a plant taxon on an ordinal scale. Averaging values over all taxa yields information
on the environmental conditions of a site (Tolgyesi et al., 2014). Mean ecological indicator
values were even proposed to better describe longer-term site conditions than exact point
measurements do (Wamelink et al., 2002).

Furthermore, plant functional traits represent morpho-physio-phenological characteristics of
plant taxa which are related to resource acquisition, growth, reproduction, competition and

survival. Functional traits can be used to understand vegetation changes along environmental
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gradients, which are often not reflected by diversity or species richness patterns. Similar to
mean indicator values, community mean trait values are widely used in ecological studies, as
they provide mechanistic insights in local vegetation and biodiversity patterns (Diaz et al.,
2007; Pfestorf et al., 2013; Heer et al., 2018; Soliveres et al., 2018; Busch et al., 2018, 2019;
Boeddinghaus et al., 2019). Again, neither patterns of specialist or threatened vascular plant
species nor of differences in mean indicator values or community mean traits along
environmental gradients have been studied in Swiss steppes.

In this article, we study patterns of species richness as well as differences of mean indicator
values and community mean traits along elevational gradients, land-use types and temporal
changes in wood cover. First, we hypothesized higher species richness and a lower proportion
of steppe specialists with increasing elevation because of more mesic conditions at higher
elevation. Based on the humped-back model hypothesis (Fraser et al., 2015), we further
assumed species richness to peak at intermediate productivity levels, i.e., intermediate
nutrient conditions (Pitarello et al., 2018). Second, we further hypothesized that land-use
abandonment also promotes more mesic conditions, leading to the immigration of tall plant
and woody species (Valko et al., 2018). This immigration might result in increased
competition, productivity, plant height and specific leaf area, a reduced number of steppe
specialists and threatened plants, as well as decreasing light conditions, ruderality and leaf dry

matter content.

2. Methods

2.1 The Monitoring of the nationally important habitats of Switzerland

In 2011, the program “Monitoring the effectiveness of habitat conservation in Switzerland”
was initiated by the Swiss Federal Office for the Environment BAFU and the WSL Swiss
Federal Research Institute. It monitors changes in habitats of national importance. Using

remote sensing, changes of structures such as tree and shrub cover or infrastructures such as
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roads and buildings of all 7000 sites of national importance are measured. Of these 7000 sites
about 900 are selected for vegetation surveys, weighting rare habitat types higher in a random
selection process to avoid overrepresentation of frequent habitat types (for details see Tillé

and Ecker, 2014). Each plot is surveyed once in a six-year cycle (Boch et al., 2018b). The first

phase of the project lasted from 2012 to 2017, the second phase started in 2018.

2.2 Vegetation data, vegetation classification and selection of plots for analysis

Within the 900 sites of national importance selected for vegetation surveys, we conducted
about 7000 vegetation relevés in circular plots of 10 m2. All plots were permanently marked
belowground with strong magnets, which ensures relocation with a metal detector (Boch et
al., 2018b). From 2012 to 2017, we recorded all vascular plant species and estimated their
abundance (cover) in each plot using a modified Braun-Blanquet scale (r & <0.1%, + 2 0.1%
—<1%, 12 1% — <5%, 2 2 5% — <25%, 3 2 25% — <50%, 4 & 50% — <75%, 5 £ 75% —
<100%). Nomenclature of vascular plants followed Lauber et al. (2012). About 2800 of the
plots were situated in 403 dry grasslands.

To separate steppe and non-steppe plots in the dry grassland data set, we manually sorted
plots by using character species listed in Braun-Blanquet (1961) for different steppe
vegetation types occurring in Switzerland. In particular, these species were character species
of the order Festucetalia vallesiaca, the alliances Stipeto-Poion carniolicae (in the West) and
Stipeto-Poion xerophilae (in the East) and the ten associations Ephedreto-Koelerietum
vallesiacae, Stipeto-Koelerietum vallesianae, Brometum-Pulsatilletum montanae,
Brachipodieto-Astgragaletum exscapi, Jasionetum-Festucetum vallesiacae, Festuco-
Pulsatilletum halleri, Xerobrometum rhaeticum, Astragalo-Brometum, Koelerio-Poetum
xerophilae, Artemisio-Agropyretum (nomenclature of syntaxa according to Braun-Blanquet,
1961, for details see Appendix S1). This approach revealed a clearer selection of typical

steppe plots than using numerical methods such as the VVan-der-Maarel similarity measure
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(Wildi and Orldci, 1996). This resulted in a total of 148 steppe plots at 40 sites of national
importance (142 plots in the West (Valais) and 6 in the East (Grisons) of Switzerland), which
we used for analysis. The plots covered an elevational gradient from 384 mto 1719 m a.s.l.

(Figs. 1,2).

2.3 Species richness data

We calculated the total species number per plot. Excluding uncertainly identified taxa (cf.
taxa), we further calculated the proportion of threatened species (RE, CR, EN, VU, NT,;
Bornand et al., 2016; for details on the Red List status of species see Appendix S1), of
neophyte species (Juillerat et al., 2017; for details on occurring neophyte species see
Appendix S1), and of steppe specialist species out of the total species richness. As neophytes
were negligible in our plots (136 of our 148 plots were without neophyte species, 11 plots had
one and one plot had two neophyte species), we did not further analyze patterns of neophyte
proportions in our plots. As steppe specialist species (for details on included species see
Appendix S1), we considered the character species of orders and alliances of steppe
vegetation types listed in Braun-Blanquet (1961; for included orders and alliances see
previous paragraph). We further included all Stipa species as steppe specialists and taxon
aggregates of which all taxa are occurring in steppes (e.g. Fumana ericoides agg. compising
F. ericoides and F. procumbens). However, we likely underestimated the number of steppe
specialists, as we did not include broad species aggregates, which comprise many taxa that
occur outside steppes (e.g. Achillea millefolium agg. comprises few character species of
steppes such as A. setacea and A. tomentosa that were, however, rarely identified to the

species level).

2.4 Community weighted mean traits and ecological indicator values
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We requested data from TRY — Plant Trait Database (Kattge et al., 2011) to calculate
community mean values of traits related to resource acquisition, growth, competition and
grazing intensity, i.e. specific leaf area (SLA,; leaf area per leaf dry mass [mm?/mg]), leaf dry
matter content (LDMC; leaf dry mass per leaf fresh mass, [g/g]) and plant height (height,
[meter]) (Wright et al., 2004; Diaz et al., 2007; Bernhardt-Romermann et al., 2011; Pfestorf et
al., 2013; Reich, 2014; Busch et al., 2018). For the TRY request, we first translated our
species list to the nomenclature used in TRY and set subspecies to species level to maximize
the number of matches. This resulted in a total of 334 species of which for 328 species trait
data were available. Excluding records without data (NAs) resulted in a total of 58023 TRY
records for the three requested traits. We then merged the three separate SLA traits (Trait ID:
3115 petiole excluded, 3116 petiole included, 3117 undefined if petiole was included or not)
and the two plant height traits (Trait ID: 3106 plant height vegetative, 3107 plant height
generative) to a compound SLA and a compound plant height trait, respectively. SLA was
available for 275 of all taxa (82.3%), LDMC for 268 taxa (80.2%) and plant height for 327
taxa (97.9%). We finally calculated the median value per trait based on all database records
and used the abundance-weighted community mean of each trait per plot for further analysis.
We also calculated abundance-weighted indicator values for moisture, nutrients/productivity,
light, competition and ruderality for each plot using Landolt et al. (2010). As the indicator
value for nutrients is weakly related to mere soil nutrient content and rather reflects site
productivity as measured by plant biomass (Schaffers and Sykora, 2000) or nitrogen
concentrations in the biomass (Klaus et al., 2012), we call it “indicator value for productivity”
throughout the manuscript. We transformed the nominal measures of competition and
ruderality given in Landolt et al. (2010), which are based on Grime’s C-S-R triangle (Grime,
1974), into a numerical value ranging from 0 to 3. For instance, a taxon with ‘rrr’, indicating
highest ruderality, was assigned a ruderality value of 3 and a competition value of 0, or a

taxon with 'crr’ got a competition value of 1 and a ruderality value of 2.
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226

227  2.5Plot data

228  For each of the 148 plots, we measured its central GPS coordinates (using a Trimble Geo 7X
229  H-Star with 10 cm precision after post processing) in the field and later computed the

230  corresponding elevation from a LIDAR data-derived digital terrain model (DTM-AV DOM-
231 AV © 2017 swisstopo 5704 000 000). We additionally recorded land-use at two levels per
232 plot, namely non-intensively grazed vs. abandoned. We further estimated the percentage

233 cover of tree and shrub species.

234

235 2.6 Site data

236  Digital aerial pictures from the 1990s of all 7000 assigned sites of national importance were
237  visually compared to recent aerial pictures (Fig. 3) in up to 50 m x 50 m large polygons.

238  Changes in tree and shrub cover or infrastructures such as roads and buildings were recorded
239  using an ordinal scale with 11 classes (1 2 <0%, 2 2 1-10%, 3 & 11-20%, 4 & 21-30%, 5 =
240  31-40%, 6 2 41-50%, 7 & 51-60%, 8 = 61-70%, 9 2 71-80%, 10 2 81-90%, 11 & 91—
241  100% cover). Here, we used the change in cover of woody species in those 50 m x 50 m grid
242  cells in which the 148 plots were situated (referred as change of wood cover on the site level
243  henceforth). The remotely-sensed values therefore do not necessarily refer to the situation in a
244  particular plot. They rather can be used as an indicator for restoration activities (clearing of
245  woody species) or land-use abandonment (tree and shrub encroachment) in the close

246  proximity of a plot.

247

248 2.7 Statistical analysis

249  All statistical tests were performed in R version 3.5.1 (R Core Team, 2018). To avoid large
250 differences in variances among factors and to improve model convergence, we standardized

251 all continuous variables to a mean of 0 and a standard deviation of 1. Factors were not
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confounded (r<0.7). We then used linear mixed-effect models (ImerTest package; Kuznetsova
et al., 2017) fitting the site code (often several plots occur in one site) as a random factor to
correct for site-specific differences. We included elevation, land use (57 pasture plots vs. 91
abandoned plots), mean indicator values for productivity, cover of woody species (cumulative
cover of trees and shrubs based on field estimates) and remotely sensed changes in wood
cover as fixed factors to test for the effects on the number of all species and the proportion of
threatened and steppe specialist species out of the total species richness as well as mean
indicator values and community mean traits. We excluded the indicator value for productivity
from models when fitting it as response variable. We further included the quadratic term of
the indicator value for productivity when testing its effect on species richness, as we expected
a hump-shaped relationship between species richness and productivity (Pitarello et al., 2018).
We did not use the quadratic term of the indicator value for productivity in all other models,
because it yielded no major improvement in the amount of variation explained and because
there was no plausible hypothesis to test for non-linear relationships. We also included
elevation as quadratic term because of common non-linear relationships between elevation
and species richness (McCain and Grytnes, 2010). However, as the quadratic term of
elevation was not significant in any model, we excluded it from all models. To test for
differences in the strength of the effects along the elevational gradient, we included the
interaction between other factors and elevation. Again, as the interactions were never
significant, we also excluded interactions from the models. For all models, we calculated R?
as the marginal coefficient of determination for mixed models, which represents the variance

explained by the fixed effects (MuMin package; Barton, 2018).

3. Results

3.1 Species richness patterns

12



277

278

279

280

281

282

283

284

285

286

287

288

289

290

291

292

293

294

295

296

297

298

299

300

301

302

Mean species richness per plot was 23.3 (7.4 SD) and ranged from 5 to 45 taxa. The
proportion of steppe specialists out of the total species richness was 29.3% that of threatened
species 12.2%.

Species richness increased by 0.7 species per 100 m increase in elevation. Overall, species
numbers and proportions did not differ between pastures and abandoned sites. Vascular plant
species richness peaked at intermediate levels of indicator values for productivity (Tab. 1, Fig.
4), while the proportion of threatened and steppe specialist species was negatively related to
indicator values for productivity. Wood cover in plots had no effect on the total species
richness, but was negatively related to the proportion of threatened and steppe specialist
species. Interestingly, the temporal increase of wood cover at the site level (remote sensing-

based values) had a positive effect on the proportion of threatened species (Tab. 1).

3.2 Effects on community mean ecological indicator values

Surprisingly, elevation had no effect on mean indicator values, while abandonment decreased
mean indicator values for productivity and ruderality by 3.6% and 23.2%, respectively. The
indicator value for productivity was positively associated with mean indicator values for
moisture, competition and ruderality and negatively with the light value (Tab. 2).

Wood cover in the plots was positively related to mean indicator values for productivity,
moisture and competition and negatively with light and ruderality values. Overall, temporal

wood cover change at the site level had no effects on any mean indicator values (Tab. 2).

3.3 Effects on community mean traits

We found only little and few significant effects on community mean traits. Mean plant height
was positively related to productivity and wood cover (Tab. 3). These patterns even remained
when woody species were excluded from the community mean trait calculations and when

presence/absence data was used instead of abundance weighted community mean plant height
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(results not shown). Specific leaf area was positively associated with elevation and
productivity. Increasing wood cover at the site level had no effects on functional traits (Tab.
3). LDMC was not at all affected by the factors and the amount of variation explained by the

model was very poor (Tab. 3).

4. Discussion

4.1 Patterns of species richness

The average number of 23.3 vascular plant species found in this study is below the values
reported for Festuco-Brometea communities in most European countries for 10-m? plots
(Dengler et al., 2012, 2016; Pedashenko et al., 2013; Kuzemko et al., 2016). However, they
were similar to the values of species richness found by Dengler et al. (unpublished data) at
one location in the Canton of Valais in Switzerland (26.8 species), to those found by Wiesner
et al. (2015) in the nearby Aosta valley in Italy (27.8 species) and the species numbers
reported in Schwabe and Kratochwil (2004) from extremely dry Festuco-Brometea
communities in the Aosta valley and Valais (range from 24 to 28). The lower species richness
of our plots compared with those in other European regions is not surprising as the latter refer
to basiphilous grasslands of the Brachypodietalia order (Dengler et al., 2016) which grow
under more mesophilous conditions. They strongly differ from steppe communities of the
Festucetalia valesiacae on dry and shallow soils. The pool of species that can cope with the
rather harsh conditions in steppe grasslands is limited (T6th et al., 2018), and species richness
within steppes in the Alps at small spatial scales is generally low (Braun-Blanquet, 1961;
Dengler et al., unpublished data). This is also a possible explanation for the positive species
richness-elevation relationship. As mean annual temperature decreases and mean annual
precipitation tends to increase with elevation in the European Alps (Korner, 2003), conditions

are getting more mesic at higher elevations enabling more species to persist in less extreme
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steppe vegetation. This is in line with Schwabe and Kratochwil (2004), who found a positive
plant diversity-humidity relationships in various vegetation types of inner alpine dry valleys.
As hypothesized, we found a species richness peak at intermediate indicator values for
productivity. This confirmed the results of Pitarello et al. (2018), who found a similar
relationship in pastures of the Western Italian Alps. This humped-back curve suggests on the
one hand that species richness is limited by abiotic stress under unproductive conditions and,
on the other hand, that species richness declines under highly productive conditions because
of competitive exclusion of many species by a small number of strongly competitive species
(Fraser et al., 2015). However, the proportion of threatened and steppe specialist species
generally declined with increasing indicator values for productivity, indicating a major threat
of the overall diversity and in particular of typical steppe vegetation of the inner alpine dry
valleys by land-use intensification, and notably by fertilisation (Allan et al., 2014; Bornand et
al., 2016; Boch et al., 2018a; Visconti et al., 2018).

In contrast to Riedener et al. (2014), who found a higher number of threatened species in
abandoned compared to managed species-rich grasslands in the Swiss Canton of Valais,
abandonment had no effects on species richness or the proportion of threatened and steppe
specialist species in our study. This finding contradicted the expectation of abandonment
generally being a major threat for species richness and threatened species (Valko et al., 2018;
Visconti et al., 2018). However, it might well be that in most cases the time since
abandonment was rather short and thus not long enough for local species extinction,
influencing the number of species or the floristic composition of communities. In fact, the
effects of abandonment will take time to become visible on low-productivity steppe sites with
their rather sparse vegetation and harsh environmental conditions to become visible.
Moreover, as the wood cover was confounded with land use, i.e., higher values in abandoned
than grazed plots (8.47% £2.34 vs. 5.90% £2.08 SE, respectively), the effect of wood cover

might have masked the abandonment effect in our study: shrub and tree cover was negatively
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related to the proportion of threatened and steppe specialist species. This finding was in line
with previous studies showing negative effects of shrub encroachment on single species,
species groups such as threatened or specialist species or overall species richness (e.g. Cerny
etal., 2011; Hegediisova and Senko, 2011; Deék et al., 2016; Elias et al., 2018a, b). The
effects of both, abandonment and shrub encroachment are similar and can often not be
disentangled. Both lead to litter accumulation, reduced light availability and often an increase
in a small number of dominant and competitive species (Valko et al., 2018). These effects of
abandonment and wood encroachment hinder the germination and establishment of light-
demanding seeds of grassland species and lead to competitive exclusion of small-statured and
light demanding species (Deék et al., 2016; Valko et al., 2018). However, as the extinction of
species is a rather slow process (Helm et al., 2006), there is a high restoration potential of
encroached grasslands, i.e., by directed grazing and removal of woody species (Elias et al.,
2018a).

Unexpectedly, we found a positive effect of the remotely-sensed change of wood cover on the
proportion of threatened species in our plots. However, as the remote sensing data used in this
study reflect the situation at the site and not necessarily of the 10 m? plot surveyed, this
finding might be simply be caused by the consideration of different spatial scales and by the
fact that abandonment and increase in wood cover can temporarily lead to a higher habitat
diversity at the site level (Diacon-Bolli et al. 2012) and under particular circumstances might
even positively affect total species richness and the richness of diagnostic species (Tolgyesi et
al., 2018). In addition, abandonment might occur more frequently at low productivity sites
and under extreme dry conditions. Both will likely increase the proportion of threatened

species.

4.2 Effects on community mean ecological indicator values
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In contrast to our expectation, elevation had no effect on any of the mean indicator values. As
the growing season is shorter, solar radiation and precipitation are higher (at least in the
European Alps) and mineralization rate and airborne N deposition is lower in higher elevation
areas (Korner, 2003), we assumed lower productivity and competition but higher moisture
values at higher sites (Gusewell et al., 2012).

Mean indicator values for productivity and ruderality were lower in abandoned than in grazed
plots. Ruderal species are mainly nitrophilous and constitute a characteristic component of
grazed dry grasslands (Brandes and Pfutzenreuther, 2013). Similary, Elias et al. (2018a) in
Central Germany and Dostalek and Frantik (2008) in the Czech Republic found a trend of a
higher number of nitrophilous and ruderal species in grazing treatments compared to
unmanaged control plots in dry grasslands. The studies thus support our findings for inner
alpine steppe vegetation.

The results of an increasing wood cover being negatively related to light and ruderality values
and positively associated with productivity, moisture and competition values in the plots are
intuitive, because shading promotes tall growing, rather nitrophilous and competitive species

at the expense of small-statured, light-demanding species (Ellenberg 2001).

4.3 Effects on community mean traits

We found few significant relationships between elevation, land use, productivity or wood
cover and community mean functional traits. For instance, we expected clear differences
among abandoned and grazed plots, such as on average smaller plants under grazing because
plant height constitutes a trade-off between competition capacity, reflected by comparatively
high growth, and grazing resistance via durable plant tissue (Bernhardt-R6mermann et al.,
2011). The latter often goes along with a lower mean SLA and higher mean LDMC in
pastures, as slow growing species with a lower biomass quality and stronger grazing

resistance are promoted by grazing (Diaz et al., 2007; Busch et al., 2018). In fact, Pfestorf et
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al. (2013) proposed LDMC to be the best indicator for grazing intensity when analyzing the
relationship between land-use intensity, species diversity and a set of community mean traits
in a large number of differently managed grasslands in Germany. However, in the study we
neither found effects on plant height nor on LDMC. It might well be the case that the mean
LDMC differences among the abandoned and pasture plots were too small to be detected, as
the land-use gradient between abandoned and pastures was possibly too small because grazing
intensity was generally very low. Moreover, as most vascular plant species of inner alpine
steppe vegetation are adapted to both drought and grazing, the differences in LDMC values
among our plots were rather small. This also corresponds to the findings of Zheng et al.
(2015), showing that traits corresponding to grazing are largely mediated by soil moisture and
plant functional group identity.

Pfestorf et al. (2013) found plant height (vegetative and reproductive) as well as SLA to be
positively associated with fertilization, i.e., productivity. Their results correspond to ours of
plant height and SLA being positively associated with productivity, complemented by our
finding of shading by increased wood cover promoting taller vascular plant species (see

section 4.2).

6. Conclusions

Biodiversity of steppe vegetation in inner-alpine valleys in general and in Swiss steppe
vegetation in particular are not well known. Our findings extend the knowledge on diversity
patterns of such steppes and also have important implications for conservation management.
The decreasing proportion of threatened and steppe specialist species with higher productivity
and wood cover found in the present study first clearly suggests the proportion of these
species groups as suitable indicators for the conservation status of steppes. Second, it further
highlights the need of maintaining traditional low-intensity management regimes including

extensive grazing and shrub removal to keep wood cover at low levels in inner alpine steppe
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vegetation and to thus counteract abandonment. Third and at the same time, intensification by
fertilization and modern irrigation systems should be avoided in order to maintain low
productivity in inner alpine steppes. To ensure early detection of such negative changes in the
sites of national importance in Switzerland, such as wood encroachment, and to conduct
prompt conservation measures, we implemented a remote sensing-based online colour-coded
warning system, which can be assessed by the responsible federal and cantonal conservation
authorities. This online early warning system informs them about negative developments in
the Swiss habitats of national importance — including sites with steppe vegetation — on a

yearly basis.

7. Acknowledgements

We thank the Swiss Federal Office for the Environment (BAFU) for funding. Field work
permits were given by the responsible cantonal agencies We further thank all field assistants
and interpreters of aerial photographs, who helped with data acquisition. In addition, we thank
the editor Peter Torok, as well as Zoltan Batori and two further anonymous reviewers for their
constructive comments and their efforts with this manuscript. The study has been supported

by the TRY initiative (https://www.try-db.org; request number 6273), whose database is

hosted, developed and maintained by J. Kattge and G. Bonisch (Jena, Germany) and is
currently supported by DIVERSITAS/Future Earth and the German Centre for Integrative

Biodiversity Research (iDiv) Halle-Jena-Leipzig.

8. Literature

Allan, E., Bossdorf, O., Dormann, C.F., Prati, D., Gossner, M.M., Tscharntke, T., Bllithgen,
N., Bellach, M., Birkhofer, K., Boch, S., Béhm, S., Borschig, C., Chatzinotas, A., Christ,
S., Daniel, R., Diekétter, T., Fischer, C., Friedl, T., Glaser, K., Hallmann, C., Hodac, L.,

Holzel, N., Jung, K., Klein, A.M., Klaus, V.H., Kleinebecker, T., Krauss, J., Lange, M.,

19


https://www.try-db.org/

457

458

459

460

461

462

463

464

465

466

467

468

469

470

471

472

473

474

475

476

477

478

479

480

481

482

Morris, E.K., Muller, J., Nacke, H., Pasalic, E., Rillig, M.C., Rothenwéhrer, C., Schall, P.,
Scherber, C., Schulze, W., Socher, S.A., Steckel, J., Steffan-Dewenter, 1., Tlirke, M.,
Weiner, C.N., Werner, M., Westphal, C., Wolters, V., Wubet, T., Gockel, S., Gorke, M.,
Hemp, A., Renner, S.C., Schoning, 1., Pfeiffer, S., Konig-Ries, B., Buscot, F., Linsenmair,
K.E., Schulze, E.D., Weisser, W.W., Fischer, M., 2014. Inter-annual variation in landuse
intensity enhances grassland multidiversity. Proc. Natl. Acad. Sci. U.S.A. 111, 308-313.

BAFU, 2017a. Biodiversitat in der Schweiz: Zustand und Entwicklung. Ergebnisse des
Uberwachungssystems im Bereich Biodiversitit. BAFU, Bern.

BAFU, 2017b. Revision der Verordnungen tiber den Schutz der Biotope und
Moorlandschaften von nationaler Bedeutung. BAFU, Bern.

BAFU, 2017c. Schutz der Biodiversitat: Bundesinventare der Biotope revidiert.

https://www.bafu.admin.ch/bafu/de/home/themen/biodiversitaet/mitteilungen.msg-id-

68260.html (accessed 1 July 2019).

Barton, K., 2018. MuMIn: multi-model inference. R package version 1.42.1. https://CRAN.R-
project.org/package=MuMIn.

Bernhardt-Rémermann, M., Gray, A., Vanbergen, A. J., Berges, L., Bohner, A., Brooker, R.
W., De Bruyn, L., Dirnbock, T., Grandin, U., Hester, A.J., Kanka, R., Klotz, S.,
Loucougaray, G., Lundin, L., Matteucci, G., Mészéros, I., Olah, V., Preda, E., Prévosto, B.,
Pykala, J., Schmidt, W., Taylor, M.E., Vadineanu, A., Waldmann, T., Stadler, J., 2011.
Functional traits and local environment predict vegetation responses to disturbance. A pan-
European multi-site experiment. J. Ecol. 99, 777-787.

Boch, S., Allan, E., Humbert, J.-Y., Kurtogullari, Y., Lessard-Therrien, M., Miller, J., Prati,
D., Rieder, N.S., Arlettaz, R., Fischer, M., 2018a. Direct and indirect effects of land use on
bryophytes in grasslands. Sci. Total Environ. 644: 60-67.

Boch, S., Bedolla, A., Ecker, K.T., Graf, U., Kiichler, H., Kiichler, M., Holderegger, R.,

Bergamini, A., 2019. Mean indicator values suggest decreasing habitat quality in Swiss dry

20


https://www.bafu.admin.ch/bafu/de/home/themen/biodiversitaet/mitteilungen.msg-id-68260.html
https://www.bafu.admin.ch/bafu/de/home/themen/biodiversitaet/mitteilungen.msg-id-68260.html
https://cran.r-project.org/package=MuMIn
https://cran.r-project.org/package=MuMIn

483

484

485

486

487

488

489

490

491

492

493

494

495

496

497

498

499

500

501

502

503

504

505

506

507

508

grasslands and are robust to relocation error. Tuexenia 39. DOI:
10.14471/2019.39.010Boch, S., Ginzler, C., Schmidt, B.R., Bedolla, A., Ecker, K., Graf,
U., Kuchler, H., Kiichler, M., Holderegger, R., Bergamini, A., 2018b. Wirkt der Schutz
von Biotopen? Ein Programm zum Monitoring der Biotope von nationaler Bedeutung in
der Schweiz. ANLiegen Nat. 40: 39-48.

Boch, S., Prati, D., Hessenmoller, D., Schulze, E.D., Fischer, M., 2013. Richness of lichen
species, especially of threatened ones, is promoted by management methods furthering
stand continuity. PLoS ONE 8, e55461.

Boch, S., Prati, D., Miiller, J., Socher, S.A., Baumbach, H., Buscot, F., Gockel, S., Hemp, A.,
Hessenmoller, D., Kalko, E.K.V., Linsenmair, K.E., Pfeiffer, S., Pommer, U., Schoning, I.,
Schulze, E.-D., Seilwinder, C., Weisser, W.W., Wells, K., Fischer, M., 2013. High plant
species richness indicates management-related disturbances, rather than the conservation
status of forests. Basic Appl. Ecol. 14, 496-505.

Boeddinghaus, R., Marhan, S., Berner, D., Boch, S., Fischer, M., Hoelzel, N., Kattge, J.,
Klaus, V.H., Kleinebecker, T., Oelmann, Y., Prati, D., Schafer, D., Schoning, 1., Schrumpf,
M., Sorkau, E., Kandeler, E., Manning, P., 2019. Plant functional trait shifts explain
concurrent changes in the structure and function of grassland soil microbial communities.
J. Ecol. DOI: 10.1111/1365-2745.13182

Bornand, C., Gygax, A., Juillerat, P., Jutzi, M., Mo6hl, A., Rometsch, S., Sager, L., Santiago,
H., Eggenberg, S., 2016. Rote Liste Gefasspflanzen. BAFU, Bern.

Brandes, D., Pfltzenreuther, S., 2013. Die Wechselbeziehungen zwischen Steppenrasen und
Adventiv- und Ruderalpflanzen in Deutschland, in: Baumbach, H., Pfltzenreuther, S.
(eds.) Steppenlebensrdume Europas — Gefahrdung, Erhaltungsmafnahmen und Schutz.
Thiringer Ministerium fur Landwirtschaft, Forsten, Umwelt und Naturschutz, Erfurt, pp.
55-67.

Braun-Blanquet, J., 1961. Die inneralpine Trockenvegetation. Fischer, Stuttgart.

21



509 Busch, V., Klaus, V.H., Penone, C., Schéfer, D., Boch, S., Prati, D., Muller, J., Socher, S.A.,
510 Niinemets, U., Pefiuelas, J., Holzel, N., Fischer, M., Kleinebecker, T., 2018. Nutrient
511 stoichiometry and land use rather than species richness determine plant functional

512 diversity. Ecol. Evol. 8, 601-618.

513  Busch, V., Klaus, V.H., Schéfer, D., Prati, D., Boch, S., Muller, J., Chiste, M., Mody, K.,
514 Bluthgen, N., Fischer, M., Holzel, N., Kleinebecker, T., (2019). Will I stay or will I go?
515 Plant species specific response and tolerance to high land-use intensity in temperate
516 grassland ecosystems. J. Veg. Sci. 30, 674-686.

517  Cerny, T., Petiik, P., Boublik, K., Kolbek, J., Adamek, M., 2011. Vegetation with Gagea
518 bohemica in the landscape context. Plant Biosyst. 145, 570-583.

519  Christ, H., 1879. Das Pflanzenleben der Schweiz. Schulthess, Zirich.

520 Crook, D.S., Jones, A.M., 1999. Design principles from traditional mountain irrigation
521 systems (bisses) in the Valais, Switzerland. Mt. Res. Dev. 19, 79-99.

522  Czortek, P., Ratynska, H., Dyderski, M.K., Jagodzinski, A.M., Orczewska, A., Jaroszewicz,

523 B., 2018. Cessation of livestock grazing and windthrow drive a shift in plant species
524 composition in the Western Tatra Mts Auflassung von Beweidung und Windwaurfe fuhren
525 zur Veranderung der Artenzusammensetzung der VVegetation in der westlichen Tatra.

526 Tuexenia 38, 177-196.

527  Dedk, B., Valko, O., Torok, P., Téthmérész, B., 2016. Factors threatening grassland specialist
528 plants — a multi-proxy study on the vegetation of isolated grasslands. Biol. Conserv. 204,
529 255-262.

530 Delarze, R., Gonseth, Y., Eggenberg, S., Vust, M., 2015. Lebensraume der Schweiz. Ott,

531 Bern.

532  Dengler, J., 2018. The beauty of xerothermic vegetation complexes in Ausserberg (Rhone

533 valley, Switzerland). Palaearctic Grassl. 38, 34-38.

22



534

535

536

537

538

539

540

541

542

543

544

545

546

o547

548

549

550

551

552

553

554

555

556

557

558

559

Dengler, J., Becker, T., Ruprecht, E., Szabo, A., Becker, U., Beldean, M., Bita-Nicolae, C.,
Dolnik, C., Goia, I., Peyrat, J., Sutcliffe, L.M.E., Turtureanu, P.D., Ugurlu, E., 2012.
Festuco-Brometea communities of the Transylvanian Plateau (Romania) — a preliminary
overview on syntaxonomy, ecology, and biodiversity. Tuexenia 32, 319-359.

Dengler, J., Biurrun, 1., Apostolova, I., Baumann, E., Becker, T., Berastegi, A., Boch, S.,
Dembicz, 1., Dolnik, C., Ermakov, N., Filibeck, G., Garcia-Mijangos, I., Giusso del Galdo,
G., Guarino, R., Janisova, M., Jensen, K., Jeschke, M., Kacki, Z., Kozub, L., Kuzemko,
A.A., Lbbel, S., Pedashenko, H., Polyakova, M., Ruprecht, E., Szabo, A., Vassilev, K.,
Velev, N., Weiser, F., 2016. Scale-dependent plant diversity in Palaearctic grasslands: a
comparative overview. Bull. Eurasian Dry Grassl. Group 31, 12-26.

Dengler, J., Widmer, S., Staubli, E., Babbi, M., Gehler, J., Hepenstrick, D., Bergamini, A.,
Billeter, R., Boch, S., Rohrer, S. Dembicz, 1., 2019. Dry grasslands of the central valleys of
the Alps from a European perspective: the example of Ausserberg (Valais, Switzerland)
Hacquetia 18, in press.

Diacon-Bolli, J.C., Dalang, T., Holderegger, R., Birgi, M., 2012. Heterogeneity fosters
biodiversity: linking history and ecology of dry calcareous grasslands. Basic Appl. Ecol.
13, 641-653.

Diaz, S., Lavorel, S., Mcintyre, S., Falczuk, V., Casanoves, F., Milchunas, D.G., Skarpe, C.,
Rusch, G., Sternberg, M., Noy-Meir, 1., Landsberg, J., Zhang, W., Clark, H., Campbell,
B.D., 2007. Plant trait responses to grazing — a global synthesis. Glob. Chang. Biol. 13,
313-341.

Diekmann, M., 2003. Species indicator values as an important tool in applied plant ecology—
a review. Basic Appl. Ecol. 4, 493-506.

Dostalek, J., Frantik, T., 2008. Dry grassland plant diversity conservation using low-intensity
sheep and goat grazing management: case study in Prague (Czech Republic). Biodiv.

Conserv. 17, 1439-1454.

23



560

561

562

563

564

565

566

567

568

569

570

571

572

573

574

575

576

o717

578

579

580

581

582

583

584

585

Eggenberg, S., Dalang, T., Dipner, M., Mayer, C., 2001. Kartierung und Bewertung der
Trockenwiesen und -weiden von nationaler Bedeutung. BUWAL, Bern.

Elias, D., Holzel, N., Tischew, S., 2018a. Goat paddock grazing improves the conservation
status of shrub-encroached dry grasslands. Tuexenia 38, 215-233.

Elias, D., Holzel, N., Tischew, S., 2018b. Positive effects of goat pasturing on the threatened
spring geophyte Gagea bohemica in formerly abandoned dry grasslands. Flora 249, 53-59.

Ellenberg, H., Weber, H.E., Dill, R., Wirth, V., Werner, W., 2001. Zeigerwerte von Pflanzen
in Mitteleuropa. Scr. Geobot. 18, 1-262.

Erdés, L., Cserhalmi, D., Béatori, Z., Kiss, T., Morschhauser, T., Benyhe, B., Dénes, A., 2013.
Shrub encroachment in a wooded-steppe mosaic: combining GIS methods with landscape
historical analysis. Appl. Ecol. Environ. Res. 11, 371-384.

Fraser, L.H., Pither, J., Jentsch, A., Sternberg, M., Zobel, M., Askarizadeh, D., et al., 2015.
Worldwide evidence of a unimodal relationship between productivity and plant species
richness. Science 349, 302-305.

Frey, H., 1934. Die Walliser Felsensteppe. PhD-thesis, Universitat Zirich, Zurich.

Gossner, M.M., Lewinsohn, T., Kahl, T., Grassein, F., Boch, S., Prati, D., Birkhofer, K.,
Renner, S.C., Sikorski, J., Arndt, H., Baumgartner, V., Blaser, S., Blithgen, N., Borschig,
C., Buscot, F., Diekoétter, T., Jorge, L.R., Jung, K., Keyel, A.C., Klein, A.-M., Klemmer,
S., Krauss, J., Lange, M., Miiller, J., Overmann, J., Pasali¢, E., Penone, C., Perovi¢, D.,
Purschke, O., Schall, P., Socher, S.A., Sonnemann, I., Tschapka, M., Tscharntke, T.,
Turke, M., Venter, P.C., Weiner, C.N., Werner, M., Wolters, V., Wurst, S., Westphal, C.,
Woubet, T., Fischer,M., Weisser, W.W., Allan, E., 2016. Land-use intensification causes
homogenization of grassland communities across trophic levels. Nature 540, 266-269.

Graf, R., Miller, M., Korner, P., Jenny, M., Jenni, L., 2014. 20% loss of unimproved
farmland in 22 years in the Engadin, Swiss Alps. Agric. Ecosyst. Environ. 185, 48-58.

Grime, J.P., 1974. Vegetation classification by reference to strategies. Nature 250, 26-31.

24



586

587

588

589

590

591

592

593

594

595

596

597

598

599

600

601

602

603

604

605

606

607

608

609

610

611

Gusewell, S., Peter, M., Birrer, S., 2012. Altitude modifies species richness—nutrient indicator
value relationships in a country-wide survey of grassland vegetation. Ecol. Ind. 20, 134—
142.

Hegediisova, K, Senko, D., 2011. Successional changes of dry grasslands in southwestern
Slovakia after 46 years of abandonment. Plant Biosyst. 145, 666—687.

Heer, N., Klimmek, F., Zwahlen, C., Fischer, M., Hoélzel, N., Klaus, V.H., Kleinebecker, T.,
Prati, D., Boch, S., 2018. Hemiparasite-density effects on grassland plant diversity,
composition and biomass. Perspect. Plant Ecol. Evol. Syst. 32, 22—29.

Helm, A., Hanski, 1., Partel, M., 2006. Slow response of plant species richness to habitat loss
and fragmentation. Ecol. Lett. 9, 72—77.

Humbert, J.-Y., Dwyer, J.M., Andrey, A., Arlettaz, R., 2016. Impacts of nitrogen addition on
plant biodiversity in mountain grasslands depend on dose, application duration and
climate: a systematic review. Glob. Chang. Biol. 22, 110-120.

Juillerat, P., Baumler, B., Bornand, C., Gygax, A., Jutzi, M., Mohl, A., Nyffeler, R., Sager, L.,
Santiago, H., Eggenberg, S., 2017. Checklist 2017 der Gefésspflanzenflora der Schweiz.
Info Flora, Bern.

Ké&mpf, 1., Mathar, W., Kuzmin, I., H6lzel, N., Kiehl, K., 2016. Post-Soviet recovery of
grassland vegetation on abandoned fields in the forest steppe zone of western Siberia.
Biodivers. Conserv. 25, 2563—-2580.

Kattge, J., Diaz, S., Lavorel, S., Prentice, I.C., Leadley, P., Bonisch, G., Garnier, E., Westoby,
M., Reich, P.B., Wright, 1.J., et al., 2011. TRY — a global database of plant traits. Glob.
Chang. Biol. 17, 2905-2935.

Klaus, V.H., Kleinebecker, T., Boch, S., Miiller, J., Socher, S.A., Prati, D., Fischer, M.,
Holzel, N., 2012. NIRS meets Ellenberg's indicator values: prediction of moisture and
nitrogen values of agricultural grassland vegetation by means of near-infrared spectral

characteristics. Ecol. Ind. 14, 82-86.

25



612

613

614

615

616

617

618

619

620

621

622

623

624

625

626

627

628

629

630

631

632

633

634

635

636

Klétzli, F., Dietl, W., Marti, K., Schubiger-Bossard, C., Walther, G.-R., 2010. Vegetation
Europas. Das Offenland im vegetationskundlich-6kologischen Uberblick. Ott, Bern.

Korner, C., 2003. Alpine Plant Life. Springer, Berlin.

Kuzemko, A.A., Steinbauer, M.J., Becker, T., Didukh, Y.P., Dolnik, C., Jeschke, M.,
Naginezhad, A., Ugurlu, E., Vassilev, K., Dengler, J., 2016. Patterns and drivers of
phytodiversity of steppe grasslands of Central Podolia (Ukraine). Biodivers. Conserv. 25,
2233-2250.

Kuznetsova, A., Brockhoff, P.B., Christensen, R.H.B., 2017. ImerTest package: tests in linear
mixed effects models. J. Stat. Softw. 82, 1-26.

Lachat, T., Pauli, D., Gonseth, Y., Klaus, G., Scheidegger, C., Vittoz, P., Walter, T., 2010.
Wandel der Biodiversitat in der Schweiz seit 1900. Ist die Talsohle erreicht? Bristol-
Schriftenreihe: Vol. 25. Haupt, Bern.

Landolt, E., Baumler, B., Ehrhardt, A., Hegg, O., Klétzli, F., Lammler, W., Nobis, M.,
Rudmann-Maurer, K., Schweingruber, F.H., Theuriulat, J.-P., Urmi, E., Vust, M.,
Wohlgemuth, T., 2010. Flora Indicativa. Okologische Zeigerwerte und biologische
Kennzeichen zur Flora der Schweiz und der Alpen. Haupt, Bern.

Lauber, K., Wagner, G., Gygax, A., 2012. Flora Helvetica. Haupt, Bern.

McCain, C.M., Grytnes, J., 2010. Elevational gradients in species richness. Encyclopedia of
life sciences. Wiley, Chichester.

Pedashenko, H., Apostolova, I., Boch, S., Ganeva, A., Janisova, M., Sopotlieva, D.,
Todorova, S., Unal, A., Vassilev, K., Velev, N., Dengler, J., 2013. Dry grasslands of NW
Bulgarian mountains: first insights into diversity, ecology and syntaxonomy. Tuexenia 33,
309-346.

Pfestorf, H., WeiR, L., Boch, S., Socher, S.A., Mller, J., Prati, D., Schéning, 1., Weisser,

W.W., Fischer, M., Jeltsch, F., 2013. Community mean traits as additional indicators to

26



637 monitor effects of land-use intensity on grassland plant diversity. Perspect. Plant Ecol.
638 Evol. Syst. 15, 1-11.

639  Pittarello. M,, Lonati, M., Gorlier, A., Perotti, E., Probo, M., Lombardi, G., 2018. Plant
640 diversity and pastoral value in alpine pastures are maximized at different nutrient indicator
641 values. Ecol. Ind. 85, 518-524.

642 R Core Team, 2018. R: a language and environment for statistical computing. R Foundation
643 for Statistical Computing, Vienna.

644  Reich, P.B., 2014. The world-wide “fast-slow” plant economics spectrum: a traits manifesto.
645 J. Ecol. 102, 275-301.

646  Riedener, E., Rusterholz, H.-P., Baur, B., 2014. Land-use abandonment owing to irrigation
647 cessation affects the biodiversity of hay meadows in an arid mountain region. Agric.

648 Ecosyst. Environ. 185, 144-152.

649  Schaffers, A.P., Sykora, K.V., 2000. Reliability of Ellenberg indicator values for moisture,
650 nitrogen and soil reaction: a comparison with field measurements. J. Veg. Sci. 11, 225—
651 244,

652  Schwabe, A., Kratochwil, A., 2004. Festucetalia valesiacae communities and xerothermic
653 vegetation complexes in the Central Alps related to environmental factors.

654 Phytocoenologia 34, 329-446.

655  Soliveres, S., Lehmann, A., Boch, S., Altermatt, F., Carrara, F., Crowther, T.W., Delgado-
656 Baqguerizo, M., Kempel, A., Maynard, D.S., Rillig, M.C., Singh, B.K., Trivedi, P., Allan,
657 E., 2018. Intransitive competition is common across five major taxonomic groups and is
658 driven by productivity, competitive rank and functional traits. J. Ecol. 106, 852-864.
659  Tillé, Y., Ecker, K., 2014. Complex national sampling design for long-term monitoring of

660 protected dry grasslands in Switzerland. Environ. Ecol. Stat. 21, 453-476.

27



661

662

663

664

665

666

667

668

669

670

671

672

673

674

675

676

677

678

679

680

681

682

683

684

685

Tolgyesi, C., Batori, Z., Erdés, L., 2014. Using statistical tests on relative ecological indicator
values to compare vegetation units — Different approaches and weighting methods. Ecol.
Ind. 36, 441-446.

Tolgyesi, C., Batori, Z., Gallé, R., Urak, 1., Hartel, T., 2018. Shrub encroachment under the
trees diversifies the herb layer in a Romanian silvopastoral system. Rangeland Ecol.
Manage.71, 571-577.

Téth, E., Deak, B., Valko, O., Kelemen, A., Miglécz, T., Téthmérész, B., Torok, P., 2018.
Livestock type is more crucial than grazing intensity: traditional cattle and sheep grazing in
short-grass steppes. Land Degrad. Develop. 29, 231-239.

Valko, O., Venn, S., Zmihorski, M., Biurrun, I., Labadessa R., Loos, J., 2018. The challenge
of abandonment for the sustainable management of Palaearctic natural and semi-natural
grasslands. Hacquetia 17, 5-16.

Visconti, P., Elias, V., Sousa Pinto, I., Fischer, M., et al., 2018. Status, trends and future
dynamics of biodiversity and ecosystems underpinning nature's contributions to people, in:
Rounsevell M, Fischer M, Torre-Marin Rando A, Mader A (eds.), The IPBES regional
assessment report on biodiversity and ecosystem services for Europe and Central Asia.
IPBES, Bonn, 187-383.

Volkart-Duperret, G., Godat, S., 2008. Mit Nutzungsvielfalt zur Artenvielfalt: nicht zu
intensiv, aber auch nicht zu extensiv. Hotspot 18, 8-9.

Wamelink, G.W.W., Joosten, V., van Dobben, H.F., Berendse, F., 2002. Validity of Ellenberg
indicator values judged from physico-chemical field measurements. J. Veg. Sci. 13, 269-
278.

Wiesner, L., Baumann, E., Weiser, F., Beierkuhnlein, C., Jentsch, A., Dengler, J., 2015.
Scale-dependent species diversity in two contrasting dry grassland types of an inner alpine

dry valley (Cogne, Aosta Valley, Italy). Bull. Eurasian Dry Grassl. Group 29, 10-17.

28



686

687

688

689

690

691

692

Wildi, O., Orldci, L., 1996. Numerical exploration of community patterns — a guide to the use
of MULVA-5 2nd edition. SBP Academic Publishing, Amsterdam.

Wright, 1.J., Reich, P.B., Westoby, M., Ackerly, D.D., Baruch, Z., et al., 2004. The world-
wide leaf economics spectrum. Nature 428, 821-827.

Zheng, S., Li, W., Lan, Z., Ren, H., Wang, K., 2015. Functional trait responses to grazing are

mediated by soil moisture and plant functional group identity. Sci. Rep. 5, 18163.

29



693  Tab. 1: Results of linear mixed-effect models with site as random factor separating the effects
694  of elevation, productivity (indicator value for nutrients was used as proxy for

695  productivity;including a quadratic term), land use (pasture vs. abandoned), percentage wood
696  cover and remote sensing-based change of wood cover at the site level on the number of all
697  species and the proportions of threatened and steppe specialist species per plot. Significant
698  differences are indicated in bold. R? denotes the marginal coefficient of determination

699  representing the variance explained by fixed effects.

Number of Proportion of species

species Red list Specialists
df Slope P Slope P Slope P
Intercept 1 0.02 0.891 -0.21 0.198 0.18 0.259
Elevation 1 036 <0.001 -0.06 0.522 -0.17 0.074
Pasture [y/n] 1 019 0.343 0.29 0.150 -0.31 0.114
Productivity 1 011 0.357 -0.21 0.021 -0.27 0.002
Productivity? 1 -0.18 <0.001 - - - -
Wood cover 1 0.08 0.260 -0.19 0.011 -0.22  0.003
Change wood cover 1 001 0.920 0.16 0.044 -0.01 0.901
R?=0.19 R?=0.15 R?=0.17
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Tab. 2: Results of linear mixed-effect models with site as random factor separating the effects

of elevation, productivity (indicator value for nutrients was used as proxy for productivity),

land use (pasture vs. abandoned), percentage wood cover per plot and remote sensing-based

change of wood cover at the site level on mean indicator values for productivity, moisture,

light, competition and ruderality per plot. Productivity was excluded from the model when

testing this factor as response variable. Significant differences are indicated in bold. R

denotes the marginal coefficient of determination representing the variance explained by fixed

effects.
Indicator value for
Productivity Moisture Light Competition Ruderality
df Slope P Slope P Slope P  Slope P Slope P
Intercept 1 043 0.020 -0.06 0.632 0.02 0.913 -0.02 0.906 0.18 0.213
Elevation 1 0.03 0.792 0.09 0.182 0.02 0.829 -0.01 0.931 0.04 0.603
Pasture [y/n] 1 -0.62 0.001 0.12 0.409 0.03 0.860 0.06 0.746 -0.36  0.037
Productivity 1 - - 0.64 <0.001 -0.31 <0.001 0.21 0.018 0.44 <0.001
Wood cover 1 0.14 0.021 0.20 <0.001 -0.30 <0.001 0.22 0.003 -0.18 0.005
Wood cover change 1 -0.07 0.312 -0.01 0.778 0.00 0.987 0.02 0.782 -0.07 0.293
R?=0.10 R%2=0.52 R2=0.23 R2=0.10 R2=0.31
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711  Tab. 3: Summary of linear mixed-effect models with site as random factor separating the
712  effects of elevation, productivity (indicator value for nutrients was used as proxy for

713  productivity), land use (pasture vs. abandoned), percentage wood cover per plot and remote
714  sensing-based change of wood cover at the site level on community mean traits of plant

715  height, specific leaf area (SLA) and leaf dry matter content (LDMC). Significant differences
716  are indicated in bold. R? denotes the marginal coefficient of determination for generalized

717 mixed models which represents the variance explained by the fixed effects.

Community mean trait of

Height SLA LDMC

df Slope P Slope P Slope P
Intercept 1 -0.26  0.040 0.13 0.289 0.01 0.934
Elevation 1 -0.06  0.464 0.16 0.027 -0.19 0.058
Pasture [y/n] 1 0.31 0.058 -0.20 0.181 -0.14 0.480
Productivity 1 0.37 <0.001 0.57 <0.001 -0.06 0.505
Wood cover 1 0.15 0.027 0.04 0.469 0.01 0.907
Wood cover change 1 0.11 0.104 -0.05 0.375 0.05 0.507

RZ=0.21 R?=0.47 R?=10.05

rco
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Fig. 1: Location of the 148 steppe plots (black dots) at 40 sites of national importance in

Switzerland.

Fig. 2: Impressions of dry grassland sites of national importance showing steppe vegetation
types in the canton of Valais in the close proximity of a) Saviese, b) Zermatt, ¢) Erschmatt, d)

Ausserberg, €) Zermatt, f) Mase, g) Vex and h) Erschmatt.

Fig. 3: Digital aerial pictures of a dry grassland site of national importance showing wood
encroachment in the upper part of the site from a) 1999 to b) 2010. The white dots indicate

plots which remained unaffected from the wood encroachment (©swisstopo; JA100118).

Fig. 4: Relationship between vascular plant species richness and mean indicator value for
productivity (= indicator value for nutrients; 148 plots; untransformed raw data). The trend
line indicates a significant quadratic relationship (R? = 0.11, P <0.001) with 95% confidence

interval in grey.
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Figure 1 - Map with plots Click here to access/download;Figure;Figure 1 - Map with plots.tif
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Figure 2 - Steppe pictures

Click here to access/download;Figure;Figure 2 - Steppe
pictures.tif

L]


https://www.editorialmanager.com/flora/download.aspx?id=9836&guid=20fb7959-88ae-4909-b309-67223c13a69f&scheme=1
https://www.editorialmanager.com/flora/download.aspx?id=9836&guid=20fb7959-88ae-4909-b309-67223c13a69f&scheme=1

Figure 3 - Aerial pictures Click here to access/download;Figure;Figure 3 - Aerial pictures.tif
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Figure 4 - Species richness by productivity Click here to access/download;Figure;Figure 4 - Species richness by productivity.tif =
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