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Summary

1 Due to economic pressure on agriculture and forestry, more and more areas in the
mountainous regions of Europe will no longer be managed. In the Swiss National Park
(SNP), this process started in 1914 when all agricultural, silvicultural and hunting activi-
ties were abandoned. Understanding the concomitant changes in vegetation at the land-
scape, ecosystem and species levels is crucial for pinpointing undesired developments
and designing effective remedial actions.

2 Inthis study, a general succession model for grassland vegetation within the SNP was
modified to simulate the development of the small-scale patterns of vegetation and plant
species diversity on a small subalpine pasture in the SNP for the period from 1900 to
2500. The simulation was based on both present and historic data on the abundance of
vascular plants, micro-relief and grazing intensity by red deer (Cervus elaphus 1..).
Present-day vegetation data consisted of 149 relevés on systematically arranged 1-m”
plots. Historic data and vegetation maps dating back to 1917 allowed a detailed calibra-
tion of the model.

3 Our results show that on the whole, the pace of succession is extremely slow. In order
to accurately model the past development, the succession rate proposed by the general
succession model had to be increased or decreased, depending on the microrelief and on
the grazing intensity observed in 1998. Our calculations predict that by the year 2500,
plant species associated with the herb layer of mountain pine forests will be predominant
on 98% of the area sampled, even though the trees will not yet form a closed canopy.

4 Between 1917 and 1998, the total number of vascular plant species present on the
pasture increased by 50%, despite the massive re-immigration of red deer into the area
and the associated high grazing pressure. According to the model, maximum diversity
will be reached in the year 2200 with twice as many species as in 1917. Between 2200 and
2500 the number of species will slightly decrease to a level still significantly higher than
today. A more substantial decrease in the number of vascular plant species, e.g. to the
level observed in 1917, will probably only occur once the trees form a closed canopy.

Keywords: biodiversity, Cervus elaphus L., long-term succession, space-time model, sub-
alpine grasslands, Swiss National Park
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LONG-TERM DEVELOPMENT OF A SUBALPINE PASTURE

Introduction

In many mountainous regions of Europe tra-
ditional agricultural and silvicultural systems
are no longer economically viable (Price
1995; Bitzing 1996, Rieder 1996; Broggi
1998). Thus, large areas will be used less in-
tensively or will be abandoned completely,
while others will be exploited more inten-
sively. Studies concerning potential impacts
of increased agricultural and silvicultural ac-
tivities on ecosystems are quite numerous
(e.g. Pohl 1996), but few studies have dealt
with how a reduction in intensity of manage-
ment affects the diversity of ecosystems and
landscapes in mountain areas.

A number of studies on succession in
subalpine grasslands have been performed in
the past (Braun-Blanquet 1931; Stiissi 1970;
Cernusca 1989; Hegg 1992; Kriisi ef al. 1995,
Krisi et al. 1996; Chapin & Korner 1998;
Achermann 2000; Schiitz et al. 2000a,b,c).
Spatially detailed succession studies, how-
ever, are extremely rare. In order to be able to
assess how land abandonment will affect the
future development of mountain regions, it is
crucial to understand the successional proc-
esses of the main ecosystems in these areas.

In the Swiss National Park (SNP) all graz-
ing by sheep and cattle stopped when the
Park was founded in 1914. During the subse-
quent 80 years former pastures were allowed
to develop without any human interference.
As of 1914, the successional development on
the pastures was affected only by the steadily
increasing number of wild ungulates, mainly
red deer (Krusi ef al. 1995, 1996; Achermann
et al. 2000; Schiitz et al. 2000c). Fortunately,
monitoring of the vegetation development
started right after the foundation of the Park.
Over time, more than 160 permanent plots
were established on which vegetation relevés
were made approximately every ten years
(Stiissi 1970; Gramiger & Kriisi 2000). In ad-

dition, ungulate populations were counted
every summer (Schloeth 1972).

The knowledge of vegetation patterns and
processes within the Park was used to estab-
lish a general succession model for the Park’s
grasslands (Schiitz er al. 2000a,b; Wildi and
Schiitz 2000), further referred to as the SNP-
vegetation-model, simulating the develop-
ment from tall herb communities (resting
places on the abandoned cattle pastures) to
forests dominated by mountain pine. Until
now, however, the model has never been ap-
plied to or tested on any specific pasture or
area in the park. The goal of this study was to
simulate the potential long-term vegetation
change in space and time on one particular
subalpine pasture, Plan Praspol, using de-
tailed local vegetation data and the SNP-veg-
etation-model. Further, we examined if the
simulation could be improved by including
into the model spatially detailed data on
microrelief and grazing intensity. Using the
calibrated and validated model, long-term
change on Plan Praspdl was studied for the
600-year period between 1900 and 2500 in
terms of (1) vegetation, i.e. small-scale spatial
pattern of vegetation types or succession
phases, (2) species abundance, i.e. relative av-
erage abundance of the 96 vascular plant spe-
cies present on the pasture, and (3) floristic
diversity, i.e. number of plant species present
on the pasture studied.

Study area and methods
STUDY AREA

The Swiss National Park is located in the
southeastern part of Switzerland and covers
an area of approximately 170 km’; of these,
50 km” are covered with forests, 33 km’ with
alpine grasslands and 3 km® with subalpine
grasslands. Ice, snow and rocks occupy the
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other half of the Park area. The elevation
ranges from 1350 to 3170 m.a.s.l. Between
1917 and 1998, the meteorological station lo-
cated in the Park (Buffalora, 1977 m.a.s.l.) re-
corded a mean annual precipitation of 925 +
162 mm and a mean annual temperature of
0.2 £ 0.7 °C. The study area, the subalpine
pasture Plan Praspol, is located at 1680
m.a.s.l. and covers an area of approximately
0.4 ha (co-ordinates 808.508/171.451). Up to
1910, Plan Praspol was grazed by sheep
(Parolini 1995). In 1917, Braun-Blanquet es-
tablished a 3000-m’ permanent plot, where
floristic vegetation relevés were made once
every ten years until present (Braun-Blanquet
1931; Braun-Blanquet et al. 1954; Gramiger
& Kriisi 2000). Plan Praspdl is surrounded
by subalpine spruce and mountain pine for-
ests (Piceetum subalpinum, Mugeto-Ericetum)
(Kurth et al. 1960; Campell & Trepp 1968).
In addition to the vegetation, ungulates in
the Park were also permanently monitored.
Chamois (Rupicapra rupicapra 1..) and roe
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deer (Capreolus capreolus L.) were already
there when the Park was founded. Shortly af-
ter 1914, red deer (Cervus elaphus L.) began to
re-colonise the Park, and since 1965 it has be-
come the most important large herbivore in
the area (Schiitz et al. 2000c¢). Ibex (Capra ibex
L.) were successfully re-introduced into the
Park around 1930. Today, red deer have by far
the greatest impact on vegetation on Plan
Praspol (Mérki et al. 2000).

SAMPLING DESIGN

In the summer of 1998, a grid of 5 m x S m
was established on Plan Praspol covering the
entire permanent plot established in 1917 by
Braun-Blanquet (1931). At each of the 149
grid points, a vegetation relevé was made on a
1 m x 1 m plot, considered to represent the
vegetation of the surrounding 5 m x 5 m plot.
Species abundance was recorded in percent
cover; nomenclature followed Hess er al
(1991). In addition, grazing intensity was esti-
mated at each grid point based on vegetation

Pinus forest

Carex / Nardus I
community

100 150

Year

Fig. 1. The general succession model (SNP-vegetation-model) established by Schiitz et al. (2000a,b) for all the
grasslands of the Swiss National Park, based on a total of 456 original relevés from 59 long-term permanent plots.
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height: high grazing intensity = vegetation
height 2 to 5 cm, medium grazing intensity =
vegetation height 5 to 10 cm, low grazing in-
tensity = vegetation height 10 to 30 cm. Fi-
nally, relief position was recorded for each
point as a means to estimate nutrient supply:
convex or slope = relatively nutrient-poor,
concave = relatively nutrient-rich, flat = inter-
mediate nutrient supply.

THE SNP-VEGETATION-MODEL

The basis for establishing a space-time model
for Plan Praspdl was the existing SNP-vegeta-
tion-model (Schiitz er al. 2000a,b; Wildi &
Schiitz 2000). The model is based on 456
original relevés collected between 1917 and
1998 on 59 long-term permanent plots dis-
tributed over the whole area of the Park
(Schiitz et al. 2000a,b; Gréamiger & Kriisi
2000). The SNP-vegetation model distin-
guishes six major succession phases or veg-
etation units, namely, in order of appearance,
Aconitum tall-herb community, Deschampsia
tall-grass community, Trisetum meadow,
Festuca short-grass pasture, Carex/Nardus
grassland and Pinus forest (Fig. 1). The suc-
cession of these six vegetation units describes
the development from abandoned cattle pas-
tures to forest over a time period of 585 years.
The successional development of the vegeta-
tion during the 585 years covered by the
model is described by 118 relevés, each repre-
senting a S-year period.

VEGETATION PATTERN ON PLAN PRASPOL

For each of the 149 vegetation relevés made
on Plan Praspdl in 1998, the present succes-
sional stage, i.e. the succession year (1-585)
in the SNP-vegetation-model was determined
as follows: first, the relative presences of the
six succession phases distinguished by the
SNP-vegetation-model were calculated for
each relevé, i.e. each n-species relevé was

transformed into a six-phases relevé. This was
done (1) by multiplying the cover percentage
of each species as recorded in 1998 (0-100%)
by the relative importance (0-1) of that spe-
cies in each of the six succession phases, (2)
by summing up the resulting values for each
of the six succession phases, and (3) by nor-
malising the sums to 100 percent total cover.
Second, each of the resulting 149 six-phases
relevés was assigned to the 5-year period in
the general SNP-vegetation-model to which it
resembled most, using the statistical package
Mulva-5 with the “van der Maarel” similarity
coefficient as resemblance measure (Wildi &
Orléci 1996).

Once the 149 relevés made in 1998 had all
been assigned to a 5-year period in the SNP-
vegetation-model, for each plot, a first simu-
lation of the past and future vegetation devel-
opment was made, using the general SNP-
vegetation-model. The results of this simula-
tion were then compared with historic veg-
etation relevés (3000 m’) from 1917, 1927,
1938, 1947, 1958, 1975, 1979 and 1995 as
well as vegetation maps from 1927 (Braun-
Blanquet 1931) and 1947 (Stiissi 1970). In
order to minimise the observed differences
between simulated and historic data, the 149
plots were assigned to nine strata. The strati-
fication was made based on the data on graz-
ing intensity (3 categories) and relief position
(3 categories) collected in 1998. Subse-
quently, for each stratum past succession
was simulated using seven different succes-
sion speeds, namely 0.25, 0.5, 0.75, 1.00,
1.25, 1.5, and 1.75 times the rate of the gen-
eral SNP-vegetation model (Risch 1999).
The outcomes of these simulations were
once again compared with the historic data
(1) by calculating the “van der Maarel” simi-
larity coefficient (Wildi & Orloci 1996) be-
tween historic relevés (3000 m®) and the
combination of the simulated relevés (25 m?)
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of all 149 plots, and (2) by checking for each
plot whether or not the historic vegetation
maps from 1927 and 1947 corresponded
to the simulated predominant succession
phase, derived from the simulated relevés
according to the procedure described above
(Risch 1999). For each stratum the succes-
sion rate leading to the best fit between
simulated and historic data was identified.
These stratum-specific succession rates
were then used to adjust the general SNP-
vegetation-model to the specific conditions
of the study area Plan Praspol. With the ad-
justed model the development of the vegeta-
tion between 1917 and 2500 was then simu-
lated for each of the 149 plots. Finally, veg-
etation maps of Plan Praspdl were con-
structed for different points in time by as-
signing to each point in space and time the
predominant succession phase, derived
from the simulated relevés according to the
procedure described above.

SPECIES ABUNDANCE

Based on our adjusted successional model
and on the 118 relevés describing the SNP-
vegetation-model, expected species composi-
tion was calculated for each of the 149 grid
points for each year in which relevés had
been taken on Plan Praspol, i.e. 1917, 1927,
1938, 1947, 1958, 1975, 1979 and 1998, as well
as for every 50" year from 2050 until 2500.
This simulation included only those 96 spe-
cies of the SNP-vegetation model which are
known to grow on Plan Praspdl or in the herb
layer of the immediately adjacent forests. For
each of these 96 species and for each of the
above-mentioned years, cover values from
the 149 simulated relevés were averaged.
Subsequently, the cover values of each spe-
cies were normalised by dividing them by the
maximum value obtained during the simu-
lated succession between 1917 and 2500. The

normalised values were compiled in a table
showing for each species how its abundance
changed during succession.

FLORISTIC DIVERSITY

Based on the relevés generated to describe the
abundance of individual plant species during
the simulated succession, it was possible to
establish the total number of vascular plant
species present on the pasture at different
points in time. This was done for 1917, 1927,
1938, 1947, 1958, 1975, 1979 and 1998, as well
as for every 50" year from 2050 until 2500.
Again, only those 96 species were taken into
account which (1) are present on Plan Praspdl
or in the herb layer of the immediately adja-
cent forests and (2) which are considered in
the SNP-vegetation-model. We calculated
several regression models (linear, logarithmic
and second-order polynomial) to (1) find the
best fit between simulated and observed spe-
cies numbers for the period from 1917 to
1998, and (2) to best describe the simulated
development of the species number during
the 600-year period covered by the model.

Results
VEGETATION PATTERN

In order to simulate the pattern indicated on
the vegetation map of 1927 (Braun-Blanquet
1931), the rate of succession predicted by the
general SNP-vegetation-model had to be de-
celerated or accelerated on some of the 149
plots, depending on grazing intensity and re-
lief position (Table 1). The rate of change was
found to be only half the one predicted by the
SNP-vegetation-model on 98 plots in nutri-
ent-losing (convex or slope) and flat relief po-
sitions subjected to high or medium grazing
intensity. In contrast, on the 23 plots in nutri-
ent-accumulating (concave) relief positions
subjected to medium to low grazing intensity

Bulletin of the Geobotanical Institute ETH, 67, 27-40
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Table 1. Factors by which the succession rates given in the general SNP-vegetation-model of Schiitz et al.
(2000a,b) had to be multiplied in order to obtain a spatially detailed simulation of the vegetation development
observed on Plan Praspdl between 1917 and 1998. The relief-position “convex or slope” was considered to be
conducive to nutrient loss, the position “concave” to nutrient gain.

Grazing pressure

High Medium Low
Relief position: Convex or Slope 0.5 0.5 1.0
Flat 0.5 0.5 1.0
Concave 1.0 15 1.5

the rate of change was 1.5 times higher. On
the remaining 28 plots, succession proceeded
as predicted by the SNP-vegetation-model
(Table 1).

Adjusting the succession rate resulted in a
marked increase in resemblance between
simulated and historic data if the 149 plots
were considered individually. Based on the
original succession rate of the SNP-vegeta-
tion-model, only 66 of the 149 simulated
relevés corresponded to the vegetation unit
mapped in 1927 (Braun-Blanquet 1931),
whereas 115 of the 149 simulated relevés
showed the corresponding unit if the plot-
wise adjusted succession rates were used.
However, if the 149 plots were considered to-
gether (averaging cover values of species), the
species composition predicted by the model
with plot-wise adjusted succession rates was
hardly more similar to the species composi-
tion actually recorded in 1927 (similarity co-
efficient = 0.586) than the species composi-
tion predicted without this adjustment
(0.585). In conclusion, this means that, at a
larger scale, there was no need to adjust the
general SNP-vegetation-model. At the plot
scale, however, succession could be modelled
accurately only when the general SNP-veg-
etation-model was modified.

After adjusting the SNP-vegetation-model
to small-scale patterns within the study area,
the past and future development of vegetation

pattern on Plan Praspol was simulated (Fig. 2).
In the year 1917, the vegetation present on Plan
Praspol was a mix of the succession phases
Aconitum tall-herb community, Deschampsia
tall-grass community, Trisetum meadow and
Festuca short-grass pasture. As of 1975, the
Aconitum tall-herb community did no longer
dominate any of the 149 plots, and the Carex/
Nardus community had become the most
prominent succession phase on some plots. In
1998, the two dominant succession phases
were Festuca short-grass pasture and Carex/
Nardus community. By 2200, according to the
model, the study area will be dominated by
Carex/Nardus community but the plant com-
munity typical for the herb layer of Pinus for-
ests will already play an important role. In
2500, the herb layer community of Pinus for-
ests will dominate on 98 % of the plots, though
remnants of all other succession phases will
still be present. According to the model, in the
year 2500, the relative presence of the six suc-
cession phases will be as follows: herb layer
community of Pinus forest 87.0%, Carex/
Nardus community 9.6%, Festuca short-grass
pasture 2.0%, Trisetum meadow 1.2%, Des-
champsia tall-grass pasture 0.1% and Aconitum
tall-herb community 0.1% (Fig. 2).

SPECIES ABUNDANCE

Analysis of the development of the relative
abundance of different plant species on the
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2200 2300 2400

[ 1 Aconitum tall-herb community
B Deschampsia tall-grass community

Trisetum meadow

Festuca short-grass pasture

Carex / Nardus community

[ Pius forest

87%

Fraction composition 2500

Fig. 2. Spatially detailed simulation of the succession on Plan Praspdol from 1917 to 2500. On the maps, the
predominant succession phase is shown only for each of the 149 25-m’ plots, even though usually other succession
phases are present as well. The pie-chart shows the true presence of the different succession phases on the study area
in the year 2500.
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pasture during the 600 years of simulated suc-
cession (Table 2) reveals that some species
reach their maximum abundance during the
first 150 years of simulated succession (spe-
cies typical for the nutrient-rich areas occu-
pied by the Aconitum tall-herb community or
the Deschampsia tall-grass community), some
species attain their highest cover between
2050 and 2250 (species typical for the succes-
sion phases Festuca short-grass pastures or
Carex/Nardus community), and some are
most abundant towards the end of the simu-
lated period (species associated with the suc-
cession phase Pinus forest).

FLORISTIC DIVERSITY

The simulated long-term development of
floristic diversity on Plan Praspdl shows a
substantial increase in the number of vascular
plant species between 1917 and 1998, which
will continue up to the year 2200 (Fig. 3).
Later, the number of vascular plant species
will slowly decrease (Fig. 3). The high num-
ber of species predicted for the year 2500 is
due to the fact that remnants of all succession
phases will still be present, even though by
then 98% of the plots will be dominated by
the herb layer community of Pinus forests. As
the forest becomes denser, floristic species
richness will probably decrease considerably.
A highly significant correlation between the
simulated and the observed developments of
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Fig. 3. Simulated development of species diversity on
Plan Praspol between 1917 and 2500. The second-or-
der polynomial regression line is indicated.

species richness between 1917 and 1998 (r=
0.934; P < 0.001; n = 8) indicates that the
simulation is meaningful and realistic.

Discussion

Our simulation shows that, during the past 80
years, different areas of the subalpine pasture
Plan Praspol have developed at different
rates. In particular, we found that areas in a
relief position conducive to nutrient loss and
subject to high to medium grazing in 1998
developed at half the rate predicted by the
general SNP-vegetation-model. Most likely,
this was due to the fact that the grazing pres-
sure observed on Plan Praspdl differed from
the pressure on the permanent plots used by
Schiitz et al. (2000a,b) to develop their model:
in the general SNP-vegetation-model, plots
on nutrient-poor sites were generally only
subject to light grazing. The observation that
heavy grazing on sites with intermediate to
poor nutrient supply slows down succession
during the second half of the Festuca phase
and prevents the transition into the Nardus/
Carex phase has also been made on Plan
Minger, another small pasture in the Swiss
National Park (Wirth 2000). In the Swiss Na-
tional Park, in general, the current combina-
tion of grazing pressure and nutrient supply
seems not to be adequate for maintaining the
nutrient regime of the short-grass pasture in
equilibrium, which, in turn, would be the pre-
requisite for a prolonged persistence of this
succession phase. Given the abundance of
nutrient-rich grasslands in the Park, up to
now, wild ungulates can in general afford to
abandon a pasture before nutrients are de-
pleted to equilibrium conditions. So far, the
only exception seems to be Plan Minger, an
isolated small pasture in the forests, which
because of its low elevation plays a crucial
role during the seasonal migration of red deer
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between summer and winter habitats (Wirth
2000).

McNaughton et al. (1997), studying interac-
tions between ungulates and vegetation in the
Serengeti, Tanzania, report that large ungulate
herds grazing are indeed able to prolong sub-
stantially or even maintain indefinitely certain
succession phases. Augustine & McNaugh-
ton (1998) explained their observation that the
large ungulate herds of the Serengeti do not
deplete their pastures as follows: grazing by
ungulates increases nutrient cycling in the
soil, which in turn increases the amount of
nutrients available for plant growth. Similar
results were found by Frank & McNaughton
(1993) investigating the influence of elk on
meadows in the Yellowstone National Park,
USA, as well as by Pastor et al. (1988) and
Collins et al. (1998) studying moose and bison
impact in different areas of the USA. In addi-
tion to stimulating nutrient cycling in the soil
by grazing, herbivores can also improve the
nutrient supply in an area via faeces, espe-
cially, if a sizeable part of their food intake
occurs elsewhere (Georgiadis & McNaugh-
ton 1990). Again, more available nutrients in
the soil will lead to increased biomass produc-
tion and therefore more forage will be avail-
able for grazers. Further, due to co-evolution
between plants and ungulates (Owen &
Wiegert 1982), many grasses are able to com-
pensate grazing damage with increased nutri-
ent uptake (Wallace & Macko 1993) and in-
creased biomass production (Georgiadis &
McNaughton 1990).

Between 1917 and 1998 the number of vas-
cular plant species present on the study area
increased by roughly 50%. This increase in
floristic diversity is most likely due to the ac-
tivities of red deer, which re-immigrated into
the Park from 1920 to today in steadily in-
creasing numbers. The concomitant increase
in grazing pressure broke the dominance of

large-leafed species such as Chenopodium bo-
nus-henricus L., Urtica dioeca L. or Aconitum
compactum Rchb. which had become abun-
dant in the study area after commercial graz-
ing with sheep was stopped in 1910. The fact
that grazing can break the dominance of
large-leafed species and subsequently lead to
increased species diversity has been reported
by many authors from grasslands both in Eu-
rope and the USA (Dirzo 1985; Scherfose
1993; van Wieren 1995; ten Harkel & van der
Meulen 1995; Willems & van Niewstadt
1996; Schiess & Schiess-Biihler 1997; Collins
et al. 1998; Schutz ef al. 2000c).

According to our simulation, floristic diver-
sity will peak around 2200 when half of the
149 plots will be dominated by species of the
herb layer community of Pinus forests, i.e.
when succession from grassland to forest will
have reached its mid-point. This corresponds
very well to the findings of Bazzaz (1975) and
Sousa (1979, 1980) who reported diversity to
be highest in mid-succession. During later
succession stages when the forest canopy
closes, many light-demanding species will
disappear from the herb layer (Bazzaz 1975;
Barnes et al. 1998; Schiitz ef al. 2000b). In ad-
dition, once slow-growing and long-lived spe-
cies such as trees replace the fast-growing,
and mostly shorter-lived herbaceous plants,
changes in abundance and floristic composi-
tion will proceed at slower rates. Conse-
quently, the number of unoccupied niches
and, thus, opportunities for the establishment
of new species become smaller (Grime 1979;
Foster & Tilman 2000). A further reason for
the decrease in species richness during later
succession stages is the fact that many herba-
ceous species associated with forests are
more vulnerable to grazing than typical grass-
land species (Tilghman 1989).

Overall, our model shows that under the
grazing regime of wild ungulates as observed
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today and as implemented in our model, the
floristic diversity of abandoned subalpine
grasslands is likely to be maintained for a very
long period of time. Therefore, our findings
support the hypothesis that the ungulate den-
sities observed in the Swiss National Park
during the past 30 years (1968-1998), with on
average 22.2 red deer, 14.2 chamois, 3.1 ibex,
and 0.6 roe deer per vegetation-covered
square kilometre, are still in an order of mag-
nitude where the beneficial impacts exceed
the harmful ones. Other studies made in the
Park both on grasslands and in the forests
support this hypothesis (Kriisi et al. 1996;
Krisi & Moser 2000; Schiitz ef al. 2000c).

In conclusion, we found that at the scale of
the whole study area (3000 m’) the general
SNP-vegetation-model of Schiitz ef al
(2000a,b) correctly simulates the floristic
changes. However, for a spatially more de-
tailed simulation (25 m?®) it is of crucial im-
portance to take into account factors such as
grazing intensity and microrelief to accurately
predict the successional development of the
vegetation, as well as changes in species num-
ber and species composition of a pasture in
the study area.
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