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Abstract
The plant cover ofgraded and non-graded ski runs through semi-narural subalpine and alpine plant cornrnunities was
carefully studied in the course ofa Man and Biosphere project near Obertauern (Salzburg, Austria). With the help of
phytosociological releves (see BRAUN-BLANQUET, 1964), the plant species that occurred on ski tracks more frequentIy
than in the surroundings and those that eventually disappeared from very highly frequented ski runs were determined.
To regenerate the vegetation on graded ski slopes, the lift operators had resown them with commercial ready-mixed
seeds, At altitudes ofmore than 2025 m onIy single species out ofthe mix had survived. The conditions were too harsh
for the lowland taxa, However, some autochthon species occurred very frequentlyon ski runs at all altitudes, even when
theywere more or less absent in the surrounding semi-natural vegetation. The more recently graded areas still housed
a relatively high number of seeded plants, whereas many of the species sown were absent on older runs or had been
partly replaced by autochthon taxa, The seed species were mainly restricted to flat or slightly sloping areas with little
or no microrelief and better soil, Skiing activities on non-graded runs across the locally widespread sedge and rush
moors had almost completely eliminated a few ofthe indigenous species in the runs. The importance ofbreeding those
autochthon seeds that have already been proven to cope with the extreme conditions on ski runs is emphasized as a
basis for revegetating the ski-damaged landscapes of the Alps.

Key words: Autochthon seeds, altitudinal gradient, revegetation, ski runs, subalpine and alpine vegetation.

Research area
Ski lifts, cable cars / Aufstiegshilfen

have had to learn lessons from many years of struggle and

failure. Aseries ofpublications shows us that the conversion

of other authors' bitter experiences into better results has
only been possible in a very restriored wa~ The Ioeal envi­
renmental conditions, biotic as weIl as abiotic, were too dif­
ferent for paralleis to be drawn.

The authors of this paper have already reported the sad
state ofsome graded ski runs around the Radstädter Tauern

pass (KLUG-PüMPEL, 1988, 1992; KRAMPITz, 1989). The
phytosociological releves presented in this paper show the

influence ofskiing on ungraded as weIl as on graded ski runs
in the north-eastern part ofthe region, It is noted that, with
bad preconditions, i.e, a lack ofautochthon seeds, little suc­

cess is achieved despite intense effort. Constructed and

sown down between 1976and 1984, the whole ski run ''A''
('~mabfahrt", see Fig. 1 and map) had to be covered by

sewage sludge and excavated soil and then revegetated again

from top to bottomin the summers of1989-91. The releves

reported here were undertaken before the 1989-91 revege­
tation and serve as a historica1 record ofearlier artempts,

2. Methods and Materials

Vegetationscience as weIl as phytomass studies were used to

compare the semi-narural subalpine and alpine plant com­

munities with the artificial vegetation on ski runs..These
studies were part ofa Man and Biosphere project performed

between 1986 and 1989 in the surroundings ofObertauern
at the Radstädter Tauern pass, a weIl known skiing centre in

the province of Salzburg, Austria, Geomorphology, soils,

climate and vegetation of the area were described by WAG­

NER and FUCHS (1987), NESTROY (1995), and KLUG­

PüMPEL (1988 and 1992).

In the course of the research, the senior author, B. KLUG,

became convinced that more detailed phytosociological

research, especially a comparison of graded and ungraded

Figure 1:

~
Ski runs and other places with human Impacr on

~ vegetation I Pisten u, a. Stellen m. gestörter Vegetation
Abbildung1: überblick über dasUntersuchungsgebiet
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ski runs in the north-eastern part of the MaB area (see
Fig. 1), would be necessary to gain a correct impression of

the region and its problems. Large parts of this area had not
been graded and showed thedireet impact ofskiing on the

original semi-narural vegetation. Furthermore, it seemed
reasonable to confirm the results of erosion studies (BAUER

and STERL, 1989) and snow melting documentation (FRITZ
et al., 1989) by vegetation mapping. For these reasons, eh.

!<RAMPITZ studied the north-eastern part ofthe region with
the so-called e~mabfahrt" (ski run e'A" in Fig. 1) and two

shorter runs ces" in Fig.1). She conducted more than 300

releves on the ski runs and in the adjaeent semi-narural

vegetation, mapping the detailed information about the
vegetation cover on ski run e~" (KRAMPITZ, 1989). The

influence ofaltitude, microreliefand age ofthe artificial ski
run vegetation as weIl as the irnpact of skiing activities on

cover percentage and species composition of ungraded ski
runswere studied.

2.1 Phytosociological releves

The total estimate of density and cover percentage made
use of the scale in Table I (after BRAUN-BLANQUET, 1964).

Table I: Scale for speciesabundance (combination of density and cover
percentage)

Tabelle I: Artmächtigkeits-Skala

Code Term Areaofcover, C

r very rare very small
+ sparse small
1 numerous C~5%

2 very numerous 5< C < 25 0/0
3 plentiful 25< C < 50 %
4 plentiful 50< C< 750/0
5 plentiful 75 < C < 100 0/0

The sites ofreleves in theski runs practically bordered each
other so that the distribution and cover percentage of spe­
eies could be used to map the whole run, Plant cover, soil

and microrelief were chosen to beas homogenousas pos­
sible wirhin thearea ofevery releve. In addition to the vari­

ables usually presented in a phytosociological table, the total
number of vascular species wirheut seed species (N-s)was
also noted. The seed species originatedeither from the seed
mixture used by the lift owners or were imported in the
course of ski run consrruction or management (with soil,
dung etc ..). Following ADLER et al.. (1994), weconsidered

species as belonging to thisgroupwhen they do not normal-
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Iy occur at the altitude and do not correlate with the envi­
ronment where they were found.

The ski run releves are arranged in four tables according
to their elevation, Within each table, the releves are further

ranked according to inclination and elevation.where neces­
sary. Special sites such aserosion zones, hollows, ridges and
others are not reported in these tables but are presented
parcly as figures in comparison with their surrounding
vegetation.

Each table, divided into seven groups of species, starts
with the seed species, A. Not only the species of the seed
mixture, s, but also the species imported from loweralti­
tudes in other ways, are recorded here. Group A is further
divided into grasses and grass-like species (A.1) and forhs
and herbs (A.2). Group B comprises species of moist and
wellfertilized alpine pastures and tall-herb cornmunities.
Group C consists ofsnow bed species. In group D, showing
species of poorer alpine pastures, there are also taxa from
open dwarf shrub communities. In group E the dwarf
shrubs thernselves are recorded as weIl as other species grow­
ing on acid raw humus soils with Iow nutritional level.
Group F includes the species on rocky or stony soils and on
seree sites, Moist and wet soils (partly influenced by spring
water) are colonized by species ofgroup G.

Originally the species were grouped according to OBER­
DORFER (1990) or ADLER et al. (1994). However, as many
taxa could have been placed in more than one group, pre­
sentation was modif1ed to suit Iocal experience,

In the frequency table (Table 5,calculated out of the data
set ofTables 1--4) the symbols shown in Table 11 were used.

Table 11: Codes for frequency table
Tabelle 11: Bedeutung der Symbole in der Stetigkeitstabdie

Code present in % of releves

r S5
+ > 5 s 10
1 > lOS 20
2 > 20 :S;40

3 > 40 S 60
4 > 60S; 80

5 > 80:S; 100

2.2 Inquiries as to historical development of ski runs and
seed composition

The family who used the area as a cartle pasture in summer
and ran the ski lifts in winter infonned us that the southem­
most ski run ofSeekarspitze ("S" in Fig. 1) was graded and
revegetated in 1980, the northern one in 1981/82. The
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B. Klug-Pümpel, eh. Krampitz

a)

& recommended by the distributors, 300 kgofthe mixtures were applied
per hectare.

Table 111: Seed mixtures mainly used: Ca) befare 1984, and (b) after
1987-88

Table 111: Hauptsächlich verwendetes Saatgut: a) vor 1984, b) nach

1987-88

'~mabfahrt"(''A'', the longest and northernmost run of the
research area, also documented in the map) was constructed

intwo steps .. The lower halfof the run was graded and seed­

ed in 1976, the upper part not earlier than 1984..
Up to 1984, mainly seed mixture (a), for repair work and

interrnittent revegetation ofparts ofthe runs after 1987-88,

mixture (b) in Table 111 were used..
It was noted that extremely rocky or other slopes hard to

recultivate were covered with soil from lower altitudes or

with sewage sludge almost every summer.. Different seeding

methods had been tried; most commonly used were bitu­
men-straw-cover seeding ("Schiechtein") and hydroseeding..

A large number ofdifferent fertilizers had also been tried over

the years: In the beginning, mineral fertilizers caIled "Voll­

korn grün" and "Vollkorn blau" were used, while smaller

areas had also been fertilized with cattle dungwhere avail­

able. From 1984 onward, only biological fertilizers having a
high portion of organie material to improve soil conditions

and a well-balancedcontent ofslowly-mineralized N as weIl

asP and K and trace elements were applied. Aby-product of

penicillin production called Biosol has become the one most
commonly used.. An initial top dressing of2000 kg/ha is fol­

lowed byannual doses of 1200 kg/ha. In 1987, a .chicken
dung product called Bioren was also tested, but only to a very
small extent in our research area,

3.1 Attitude as a criterion for greening success

After the skiing season, in May; all the ski runs had to be

treated with a dark coloured phosphate in order to speed up

snow melt, In some cases the young seedlings in recently

revegetatedareas were protected by fences. The cattle, how­

ever, could not resist ternptation, trampled down the fenc ..

es and fed on the tender leaflets, destroying all efforts with

a few hoof-steps.
It must be noted that the very detailed information on the

construction and conservation of the ski runs requested at

the beginning of the research is still lacking, and certain

assumptions had to be made. Nevertheless it appears that

the lift managers had to spend between 100.000 and
200.000 ATS / year for repair and revegetation ofthe runs.

3. Results

Tables 1 to 4 show species composition and total cover on

ski runs for four elevation classes, namely from 1820 to

1880, 1885 to 1915, 1925 to 2025, and 2040 to 2180 m

a. s. 1.
Comparing Tables 1 and 2, it is seen that from 1880 m

upwards some of the sown grass species suffer rnarked loss..

es (group Al). Dactylis glomerata, for instance, falls back

from frequency class 11 to I, Agrostis capillarisfrom IV to 111,
while Festuca pratensisappears only at sites lower than 1880

m (except in one recently, but sparsely greened area at 2165
m), Some seeded forbs also fall back (Achillea millefllium
from 111 to +, Trifolium pratense from IV to 11), whereas

snow bed species increase in frequency and total cover.

Table 3 shows a further loss in sown species at altitudes up

to 2025 m. Dactylis glomerata is completely absent, while

clover species as weIl as Achillea milleflliumare less frequent

than at lower altitudes, However, species common on rocky

soils or screes join the plant cover on the ski runs, for

instance Saxiftagaspp. and Silenespp. ofgroup F. The plants

ofpoor pastures get sparser and sparser; some species (Arni­
ca montana, Anthoxanthum alpinum, Ajugapyramidalis or

Hieracium lachenaliz) do not appear any more. The dwarf

shrubs (group E) which were still present at the lower level

are also completely absent at this altitude, The same is true
for some species ofgroup B..

At altitudes above 2040 m, further species ofgroupC (e ..g.

Leucantbemopsis alpina) and group F appear (Arabis alpina
on alkaline soils, Agrostis rupestris on acid and stony soils),

whereas plants ofgroups B, Dand G also disappear (among

10%

14%

5%

Poaannua

Pbleumpratense
Trifolium hybridum

17% T'risetum flavescens 1%

Lotuscorniculatus 15%

10% Trifolium repens 10%

10% Trifolium hybridum 6%

5% Acbillea millefolium 3%

5 0/0 V'ida uillosa 3%

3% V'icia sativa 1 0A>

3 0/0 Trifolium dubium 1%

30/0 Plantago lanceolata 1%

30/0

400/0

20%

11 %

Festuca rubras.l,

Agrostis capillaris
Trifolium repens

Festuca rubras. str.

Festuca "jallax"
C= F. nigrescens s.
Adler er al., 1994)

Poapratensis

Dactylisglomerata
Pbleum pratense
Arrhenatberumelatius
Festucapratensis

Agrostis capillaris
Lolium perenne

b)
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themPhleum rhaeticum and Trifolium pratense ssp. niuale,
two species ofgreat value as autochthon "ski run attendants"
at Iower altirudes).

Table 5 shows the frequency of different species in the

four elevation classes. The following species are present at

alI altitudes in 60-100 % of releves: Festuca rubra s.l., Poa
pratensis, Phleum pratense, and TrifoLium hybridum. Up to
1880 m also Agrostis capillaris is very frequent. Among the

forbs, Trifolium repens does very weIl up to 1920 m and Tri­
foliumpratenseup to 1880 m. Species brought in from Iower

altitudes never show a frequency higher than 60 0/0.

The autochthon species Descbampsia cespltosa; Taraxacum
officinale s.l. and Cerastium cerastoidesare present in 60 to

100 % of all releves at all altitudes, Up to 1925 m, Carex
nigra, Poa supina, Alchemilla spec., Leontodon helveticus and

Homogyne alpina are very frequent. This is true also for

vtronica serpyllifoliaand Luzulamultiflora up to 1880 m. At

higher altirudes, the autochthon species Gnaphalium supi­
num, Agrostis rupestris and Leucanthemopsis alpina appear
very frequently in revegetated ski runs,

The fact that the upper part ofski run "A" was construct­
ed and revegetated 8 years after the lower part may be the

reason for a slightly higher frequency ofseed species atalti­
rudes berween 2040 and 2180 ID.

From these data, one might get the impression that spe­

ciescomposition on ski runs is mainly a function ofaltitude.

Yet the map ofski run "A" also reveals a marked variation in

exposition, inclination and soil conditions within every ele­

vationclass (see also BAUER and STERL,. 1987). Therefore

ehe altitudinal relations wereoften distorred by theeffecrs

of microreliefor other environmental conditions.

3.2 Other environmental variables inBuencing the success

ofgreeningeffort8

3.2.1 Inclination
Between 1820 and 1880 m, sown herbaceous plantsare

more frequent on flat or onIy slighrly sloped sites.Autoch­

thon species (except those of group B) prevail on steeper

slopes, wruch are less suitable for the seed plants.

From 1885 to 1915 m, snow bed species becomemore

frequent on steep as wdl as on gentle slopes, whereas Agros­
tis rupestrisof group F is especially present on steep and

stony slopes ofski runs..
As may be seen on the map, the flat sites between 1925

and 2025 m show marked differenees as to substrate qual­

ityand structure. On extremely rocky sites with rivulets

running across, some ofthe species usually found under bet­

ter soil conditions might have dropped out here as a conse­

quence oferosion (see e.g. releve 199, Table 3). In the high­

est parts of the research area a general tendency for speeies

number and cover to diminish is noted that is independent
of inclination,

3.2.2 Microrelief
The following examples illustrate the situation at directly

neighbouring ski run sites with markedly differing greening

success. The influence ofmicrorelief (also exerted via differ­

ent mechanical stress on vegetation by ski edges or ski track

rollers or other machines) can be seen ar graded as weIl as at

ungraded sites in a ski run.

In Fig. 2, four releves from the "Seekarspitz" area (Fig. 1,

"S") berween 1985 and 2000 m are compared. Releve No.

159 was made in a hollow; No. 160 elose beside No. 159 at

an evenly sloped site in the run; No. 161 in a semi-narural
poor pasture; No. 156 at 6 to 8 m south of the ski run in a
dwarf-shrub/pasture-complex. The runs, constructed and
revegetated seven years before the investigations, were ferti­

lized using an organic fertiIizer aecording to manufacturer' s
instructions. The sown species were restricted to the artifi­

eial vegetation on the ski run. At the beginning ofthe 19805,

there were no autochthon or other suitable seed available.

The seeded species were not very abundant in the hollow

(releve 159), whereas several species of pasture and snow

beds were able to estabIish themselves there, although they

had not been present next to the ski traek previously. These
autochthon species may have been attracted by the moisture

and fertilization in the hollow, and remained there, weil

proteeted against mechanical impacts. Ir is difficult to derer­

mine whether the seeds of those "ski runattendants" had

already been present in the diaspore bank of the site ·or

whether theyhad been imported more recently to their "safe

site" by animals, man or any other means oftransport.

Fig. 3 shows examples from the same region but between
1975and 2000 m, Releve No. 131 originäres in a 7 m long,

flat drain that ran across the ski run. No. 133 was situated a

few meters up ehe slope but in a ski run section ofhardly
any microrelieE Both releves ofthe adjacent vegetation were

m.ade norm ofthe track. No. 245 was situated between big

bouldersdirecdy below 241.. Itwas noted. that the. snow

meltedextremely late here. This snow bed was dominated

by Deschampsia cespitosa, a speeies well adapted to long snow

cover. At sites Iike this, Deschampsia is not refused by cattle

because at these high altitudes it differentiates its rough
leaves later than in the lowlands. Festuca rubra and ather
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Figure 2: Cover percentage and total cover (GD) of 2 sites on a ski
run (P and PM, the latter represencing a hollowin the run)
and two sitesofthe neighbouring semi-natural vegetation
(K)

Information as to releves/Information zu den Aufnahmen:
P (No.160) PM (No.159) K (No.161) K (No.l56)
2000 m 2000 m 1995 m 1985 m ü.d.M./a.s.l.
SE E NE E Exposition
12° 0-10° 22° 150 Inclination
FertÜizationofski runsl Düngung der Pistenstandorte:
1200 kg Biosollha.a after I nach 1984
Abbildung 2: Artmächtigkeit und Gesamtdeckung (GD) aufzweiPisten­

standorten P und PM (Mulde) und 2 benachbarten Stel­
len der Kontaktvegetation K

sown species contributed a great deal ofcover on the less
protected ski run site133, whereas the hollowwas dominat­
ed by immigrants .from moist pastures and snow beds.
Among these·were found many of the so-called "ski run
attendants" (Poasupina, Cerastium cerastoides, Sagina sagi­
noides, Gnaphalium supinum). Someof the poor-pasture
speciesas found in No. 241·had already invaded thehollow
(No.131), but not to that extent the evenly sloped ski run
{No. 133). Agrostis rupestris, ·Luzula multiflora, Potentilla
aurea and Leontodon helveticus were particularly worthy of
mention.
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Figure 3: Cover percentage and total cover (GD) of2 sites on aski
run (P and PM, the latter representing a hollow in the run)
and two sitesof the neighbouring semi-natural vegetation
(K)

Information as to releveslInformation zu den Aufnahmen:
P (No.133) PM (No.131) K (No.245) K (No.241)
2000 m 1995 m 1975 m 2000 m ü.d.MJa.s.l.
SE SE NE SE Exposition
15° 12° 15° 0135° Inclination
Fertilization ofski runs IDüngung der Pistenstandorte:
1200 kgBiosol/ha.a after I nach 1984
Abbildung 3: Artmächtigkeitund Gesamtdeckung (GD) aufzweiPisten­

standorten P und PM (Mulde) und 2 benachbarten Stel­
len der Kontaktvegetation K

3.2.3 Mechanical damage to vegetation on ungraded seetions
ofthe ski runs

In a cirque at an altitude of 1915m was a little lake that
was slowlybeing filled by sedimentation. In a former bay of
this lake (see map, coordinates P-Qf8-11) were releves
No. 52-54 (Fig. 4)closely neighbouring each other. This
area was·not graded and has not been fertilized for reasons
of water protection. No. 208 was situated nearby to the
south-west, No. 185 about 20 m outside the run behind a
hummock.

Nos. 53 and 54 show clear traces of mechanical damage.

Die Bodenkultur 102 47 (2) 1996



The plant cover ofski runs

GD 60 80 98 99 90 0/0 GD 85 60 70 0/0

1---.I Saxifragastellarls
1~--I--~ Tofietdia calyculata

• J---++o----I Carexbipartita
1 .....-++1-----1 Carexfrigida

1 11 ~""-"I----J Carex e<:hinata
IJ .J-t1-U~-I Eriophorumangustifolium

I I ,I--H-I~-/ Carexf1ava
Calyeooorsusstipitatus

Trietlophorumcespitosum
,.---u-.......r Agrostis rupestris

1""'-'__ Primulaminima
11'"-'-"""---1 Huperziaselago

Vacciniummyrtillus
Rhododendronferrugineum

11----1----1 Vaceiniumuliginosum
Calluna vuJgaris

I !'----#----I Loiseleuriaproeumbens
I ,......--1-----1 Campanulascheuchzeri

11----1----1 Selaginellaselaginoides
11---1-----./ Solidagovirgaurea

ft ~_'---t Euphrasiapicta
1 1.P----J""'"---I Gentianeacaulls
1..----1-----1 Amica montana

1?---I----I Molin;acaerulea
•------' Luzulamultiflora

I JI--~---I L&Ontodon helveticus
I !'---+II----I SoldanellapusiUs

Homogynealpine
1J---H----I Potentillaerecte

Nardusstrieta
Epilobiumanagallidifolium

Cerastiumcerastoldes
Sagrnasaginoides

Alchemilla sp.
Poasupina

Crepisaurea
1 JI----#-......, Veratrumalbum

I JI--"-'--&+r Juncus filiformis
,..---u---u Carex nigra

Oeschampsiacespitosa
Trifolium repens

Trifolium pratense
Poapratensis

Festucarubra

K Pr P
250 211 210

5

w 4

~ 3
<:(
oz
:::>
m +
<:( r

r---r-__....-I--+-_ Huperzia 8elago

1---+--#--1 ---1 Selaginella selaginoides

1----+----1-- ---1 Homogyne alpina

I---+----I--~--J Narous&nda

t----I----.f-----f---I Luzulamultiflora

Ligu&icummutellina

Soldanella pusilla

r---+----.I---I---I Veratrumalbum

J---+-_I- ---' As1er bellidiastrum

r--f--f--+---W Pos supina

r---t-~I--~--I Deschampsia cespitosa
r---f-__f--.......J.----I Saxifraga stellans

r---f----f---I----I Juncusfiliformis

r---t-____,f-----f--I Carexf1ava

t----+-+--+-~ ViolapaJus1ns

r---f----.,L...--ht---I Carexcanescens

!---+--I---U_..,J Gentianabavarica

1---1+-+-.........-.... Calycocorsus s1ipitatus

I---I--+-+-+J.-~ Epilobium alsinifolium

1t-""':""'f.If---+-.f+.J.-~ C8lthapalustris

H+-~+-r-.l.4-~'--I Pinguiculaalpina

t'-+i~-+-..J..,..J.J.UoI-I--J Carexechinata

1-H+J-.........+--++J.-I-ll-l Eriophorum angustifolium

.'-+ -+I-4l--..w-+-r Carex nlgra

1- ~~-W-1-I Trlchophorum cespltosum
w..._--.l.._..I----I_.J Carexrostrata

P Pr K
S2 208 18S

p P
54 S3

5

W4o
Z 3
C§
Z 2
:J
aJ 1« +

r

Figure 4: Cover percentage and total cover (GD) at 3 siteson an un­
graded ski run and in a neighbouring site comprising the
neighbouring natural vegetation ofa former lake filled up
by sedimentation, Elevation 1915 m a.s..l.; relevesN o.P 53
and P 54 clearly show traces of mechanical Impact; Pr is
situsred at the border ofthe ski run, All sites show little or
no inclination: the ski runs are unfertilized in this warer
conservation area.

Abbildung 4: Anmächtigkeit und Gesamtdeckung (GD) in 3 Bereichen
einer nicht planierten Piste und in der angrenzenden Kon­
taktvegetation K eines verlandenden Karsees in 1915 m
ü .. d.M. Die Pistenaufnahmen P 53 und P 54 zeigen deut­
liche Spuren mechanischer Schädigung, Pr zeigt die
Verhältnisse am Pistenrand. Alle Aufnahmeflächensind
maximal 5° geneigt; die Pistenflächen aus Gründen des
Wasserschutzes urigedüngt.

In the traces of the ski run rollers the bare humic soilcame

to light.. The total cover of 90 % at the undisturbed sites

decreased to 60 % at the severely impaired site, The total

number ofvascular species rose from the centre ofthe dam­

aged run towards the bordering drier parts. As the border of

the ski run formed a transition towards the drier and more

stable shore of the lake, the growing conditions wereprob­
ably better there, and sorne ofthe additional species may be

due to the betrer growing conditions.. Had there been no
mechanical disturbance, Trichophorum cespitosum, Carex
nigra and Eriophorum latifolium would have been present

more abundantly in No.. 54 ..

Figure 5: Cover percentage and total cover (GD) on the ski run P,
on the mechanically damaged border ofthe run, Pr, and in
the adjacent semi-narural vegetation K. Elevation 1915 m
a.s.L All sites are exposed to the SE, the ski runs show an
inclination of 12°, the adjacent vegetation of 15 0. Fertil­
izarion was probably restricted to ski run P.

Abbildung 5: Artmächtigkeit und Gesamtdeckung (GD) auf einem
Pistenabschnitt P, einem mechanisch geschädigten Pisten­
rand Pr und in der Kontaktvegetation K in 1915 m ü.d.M..
Alle Flächen sind SE-exponiert, die Pistenstandorte 12°,
die Kontaktvegetation 15° geneigt. Die Düngung (1200
kgBiosol während der letzten 3 Jahre) dürfte sich auf den
Pistenstandort P beschränkt haben.

Fig. 5 shows a non-graded section of the ski run which
must have been treated with seed and fertiIizers several times
(located at the map in P 10) .. The area shows traces of
tracked vehicles such as ski run rollers. Releves No. 211 and

250 were situsred side by side in the adjacent semi-narural
vegetation.. Theski run (210) bordered directlyon No.. 211 ..

The ski run and its border showed about halfthe number of
species found in the surrounding vegetation (a Trichophorum
stand). Although we found .some typical autochthon indi­
cators ofmoisture in the run andat its border, Trichophorum
cespitosum itselfwas completely absent in rhe run and hada
reducedabundance ·at the border of the track, The dwarf

shrubs, very frequent alongside the ski run, hardly occurred
in the run. Instead, the sown species with high affinity to
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Unfortunately, a comparablesite nearhy with an older
seeding could not be found. Asyear after year some repair
or revegetationwork had to be done, and was done, at var­
ious sections of the runs, it was extremely difficult oreven
impossible to document in detail thedevelopment ofthe ski
runs in question. Thus our estimate of the future develop­
ment ofthe 1-year-old greening must be speculative.

The resultsconnrm the data published earlier about other

Figure 6: Cover percentage and total cover (GD) of a recently
greened ski run P and in the adjacent semi-narural vegeta­
tion K. Elevationabout 1900 m a, s.. 1.

Information as to releves I Information zu den Aumahmen:
Age ofrevegetation: 1 year I Alter der Begrünung: ca, 1Jahr

P: ~

Exposition NE...E E
Inclination 15-25° 12°
Abbildung 6: Artmächtigkeit und Gesamtdeckung (GD) im Bewuchs

einer frisch begrünten planierten Piste P und in der
angrenzenden naturnahen Vegetation K aufca, 1900 m ü,

d.M.
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fertilizers dominated, even species that did not belong to
any of the commercial seed mixtures used by the lift own­
ers, Furthermore, therewere some autochthon "attendants",

indicating fertilizer application and long snow cover. The
mechanically damaged border was probably not seeded and
fertilized systematically, because manyofthe components of
poor and moist pastures had almost kept the species abun­
dance they had in the adjacent semi-natural vegetation.

3.2.4Age o[the seededski run
Recently seeded ski runs show especially sharp differenti­

ation between their plant cover and that of the adjacent
communities.

Fig.. 6 gives an example from Seekarlift ("5") with a 1­
year-old revegetation area, Of course, all specimens of
Pinus mugohad to be removed from the area before grad­
ing and seeding. Thus the "young" ski run could be recog­
nized from afar as a broad track without any woody plants,
The seed had received a start fertilization of2000 kg/ha of
organic Biosol fertilizer and 1200 kg/ha in the following
year.. The vegetation alongside the run ("K" in Fig.. 6, releve
No.. 219) was separated from the ski run bya steep slope
that was 3 to 5m high and bore hardlyany vegetation.. Four
autochthon species had already been able to establish them­
selves in the run ("P"), but only one of them, Deschampsia
cespitosa; was also present in the surrounding vegetation..
This and the three other species, Cerastium cerastoides, Sagi­
na saginoides and Epilobium anagallidifllium, all belonged
to the ski run attendants (see KLUG-PüMPEL, 1992). They
are obviously very weIl suited for the colonization ofgrad­
ed, weIl fertilized sites at high altitudes. Often they seem to
be imported into the ski runs from some distance away.
Severalspecies at this site, e.g, Poaannua, Festuca pratensis
or Phleumpratense, .were not part of the official seed mix­
ture; they probahly originated from other mixtures or were
brought in from lower altitudes together with humus, such
as Matricaria matricarioides. One is inclined to doubt
whether in the future species of the surrounding dwarf
shruh heathsand poor pastures will become established in
those well fertilizedgraded .sites at 1900 m, with immigra­
tion offurtherattendants with high nutritional demands
more likely. Probably some day autochthon species as
Descbampsia cespitosawoulddominate the site, however, of
all species, ·thisplant is strictly refused or comhatted bythe
lift operators andfarmers. It forms tussocks that might
affect skiing and, except for the youngest leaves, is refused
by cattle.
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ski runs ofthis area. The predominantly acid humic or peaty

soils bear a semi-narural vegetation comprising dwarfshrub

heaths, alpine pasture communities, sedge and rush marshes,

snow-bed and talI-herb as weIl as scree vegetation, Most spe­

eies of these eommunities avoid the conditions on graded

and fertilized as weIl as on meehanically stressed ski runs.

Nardus stricta; for instance, though dominating wide parts

of the region, and the Vaccinium dwarf shrubs play hardly

anyrole on the ski runs. But species ofweIl fertilized, snow­

moist soils and indicators of an unbalanced water regime

reach a considerable abundanee and a high frequency on the

runs. The ski run attendants are above all Deschampsia ces­
pitosa, Poa alpina, Cerastium fontanum et cerastoides, Paten-
tilla erecta, and Epilobium as weIl as Alchemilla species, Poa
supina; Phleum rbaeticum, Trifolium pratense ssp. niuale,
Potentilla aurea, Leucanthemopsis alpinaand Leontodon hel­
ueticus. Besides, species ofstony acid soils like Agrostis rupes­
tris or of calcareous screes like Arabis alpinacan be found

frequently on these ski runs. Some of these species, howev­

er, are too small to be used economically for sustainable

revegetation. But one can easily imagine that some others

eould be cultivated to a greater extent and sold as essential

eomponents offuture special seed mixtures for high alpine

revegetation, i.e, Poaalpina,Deschampsia cespitosa, Poa supi­
na, Phleum rbaeticum, Agrostis rupestris, but also Alchemilla
monticola, Ranunculusrepens, Leucanthemopsisalpina, Trifo­
liumpratense ssp. niuale, Trifolium badium, Silene vulgaris
s.l., or Arabisalpina, to name the most frequent ones,

4. Discussion and conclusions

Apart trom differences in the overt management procedures

ofthe different lift operators, the general impression is very

similar to the results obtained from other ski runs in the

same region (KLUG-PÜMPEL, 1988, 1992): As long as expo­

sition, microrelief and therefore micro-climate do not pro­

vide serious obstacles, the graded ski runs can be revegetat­

ed sufficiently, at least in the lower parts, by traditional

means and even with commereial seed mixtures.

In addition to experience in Austria (see e.g, SCHÖN­

THALER, 1985 or HOrAUS and KÖCK, 1992), that in Swir­

zerland, too, has shown that raw soils at high altitudes are

difficult to revegetate with eustomary seed mixtures, so that

in the end the seed is replaced by naturally immigraring pio­

neers (STOLZ, 1984; DELARZE, 1994). Such self-healing

processes are, however, too slow and cannot protect from

erosion wirheut furmer fertilizing and soil improving meas-

ures and a never-ending supervision and support of the

developmenr, Thus high altitude revegetation has stayed a

challenge, requiring more effective steps to stabilize soils

and vegetation on ski runs and other erosion zones,

As one solution one could consider using turfs or seeding

with hayseed taken from the surrounding vegetation, or at

least application of an additional portion of autochthon

seeds in eustomary mixtures. To revegetare endangered

areas as rapidly as possible, some authors have also suggest­

ed greening with clonal plant material, The rnost sensitive

phase in the life ofa plant, namely germination and the fol­

lowing juvenile development, couId be moved from the

harsh alpine environment into the laboratory or garden, and

this could improve the further survival of the plant materi­

al. .As performed by URBANSKA and SCHüTz (1986) or

GRABHERR and HOHENGARTNER (1989), this sort of reve­

getation is technically possible but very labour intensive and

hence expensive.

In the case of Obertauern, the application of sewage

sludge as a layer some centimetres thick to the uppermost

section of'~mabfahrt" in 1988 did not bring the expected

success. This ski run had to be revegetated completely in the

years 1990/91. MUHAR (1989) pointed out that different

breeds of species eommonly used for high alpine seeding

react to sewage sludge with marked differences in produc­

tivi ty. This is espeeially true for Festucarubra; one ofthe taxa

most frequently used for ski run revegetation. The result

depends on rhe quality ofthe sewage sludge as weIl as on the

quantities used. But compared with the possible hygienic

risks, for instance release ofpollutants into the land ecosys­

tem and the groundwater, the risk ofa depressed phytomass

production of Festuca rubra seems a harmless side-effect.

Like intensive mineral fertilization, sewage sludge also keeps

many of the less competitive character species of Nardion

and Vaccinion from immigrating into the graded ski runs.

Quality and quantity of the applied materials and meth­

ods must therefore be weIl balanced in order to create a

dense plant cover and a stable sward quickly:. Autochthon

species - immigrated as weIl as sown - are an important fac­

tor in reaching this goal. Especially for graded ski runs at or

above the timberline, use ofappropriate plant or seed mate­

rial is still the key criterion. In this regard, the work of

numerous specialists and institutions has already initiated a

turnof events.. In Switzerland, URBANSKA and her students

haveworked on this problem for ar least a decade (cE
URBANSKA 1990), in Southern Tyrol FLORlNETH (1988a, b)

has performed successfulexperiments. PARTSCH and the

German Young-Gardeners have been pioneers of sustain-
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MAPCAPTIONS
1. Ski runs
1.1 Share o[autochthon species with reftrence to couerpercentage
S: Sown species dominare, autochthon species make up less than one

thirdof total cover;
A: Autochthon species dorninate, autochthon species amount to

more than rwo thirds of total cover;
AS: Cover of autochthon and sown species similar or equal,
1.2Absolute number ofautochthon species:

number ofautochthon species low (up to 10);
berween 11 and 30 autochthon species;

+ + more than 30 autochthon species,
1.3 Coverpercentageofmosses:
11 0 to 2S% oftotal cover;
( ) 26 to SO % of total cover;
((» more than 50 % of rotal cover,
1.4 Symbols oftota/ couer (%):

2. Adjacent natural and semi-narural vegetation
1 Alpine rock and scree vegetation
2 Caricetum curvulae
3 Curvulo-Nardetum
4 Loiseleurietum
5 Rhododendrerum
5 a Complex ofRhododendretum and Loiseleurierum
6 Vaccinietum myrtilli
6 a Windswept Vaccinietum with Loiseleuria procumbens
7 Subalpine Pinus mugo ...associations
7 a Pinus mugo stands with Sphagnum spp.
7 b Pinus mugo stands with tall herbs
8 TalIherbs/meist shrub vegetation
9 Paseures rich in nutrients
10 Sedge rnires
10 a juncus-jacquinii-stands
lOb Trichopherum cespitosum-associations
10 c Deschampsia cespitosa-Carex nigra-associations
11 Caricetum rostratae
12 Nardeturn
13 Snow bed vegetation
14 Vegetation ofsprings and trickling warer
PI Pioncer vegetarion, Silene acaulis dominaring
P2 Pieneer vegetarion,Juncus trifidus dominaring
P3 Pieneer vegetation, Silene vulgaris dominaring
* snow bed
n wer or soaked soils
q influence ofspring water
r wer rocks
K inBuence of calcareous rock or water

LEGENDE ZUR LANDKARTE:
1. Pisten
1.1 Anteil derautochthonen Pflanzenan derDeckung
S: Saatgut-Arten dominieren

Deckungsanteil der autochthonen Arten höchstens 1/3 der Ge­
samtdeckung

A : Autochthone Arten dominieren;
Deckungsanteil der autochthonen Arten mindestens 2/3 der Ge­
samtdeckung

AS: Deckungsanteile von autochthonen Arten und Saatgutarten etwa
gleich hoch

1.2Absolute Artenzahl (AZ) derautochthonen Pflanzen:
AZ gering (höchstens 10 autochthone Arten)
AZ zwischen 11 und 30

+ + AZ hoch (über 30)
1.3.Anteil derMoose an derDeckung:
I I 0 bis 25 % der Gesamtdeckung
( ) 26 bis 50 % der Gesamtdeckung
« )) mindestens 50 % der Deckung
1.4 Gesamtdeckung in %:

~ 6bis25 0/0

E 51 bis 75 %

_ 91 bis 100 %

o Obis5%

26 bis 50 %

r=~~] 76 bis 90 0/0

2. Kontaktvegetation
1 Alpine Steinrasen und Steinschuttfluren
2 Krummseggenrasen
3 Krummseggen-Borstgrasrasen
4 Gemsheideteppiche
5 Alpenrosenheiden
5a Alpenrosenheiden/Gemsheiden (Komplex)
6 Heidelbeerheiden
6a HeidelbeerheidenlGemsheiden (Komplex)
7 Subalpine Latschenbestände
8 Hochstauden - Feuchtgebüsche
9 Alpenfettweiden - Lägerfluren
10a Gemsenbinsengesellschaften
lOb Haarsimsengesellschaften
10c Kleinseggenrieder mit Rasenschmiele
11 Schnabelseggenrieder
12 Borstgrasrasen
13 Schneetälchengesdlschaften
14 Quellflurgesellschaften
PI Pioniergesellschaft mit Stengellosem Leimkraut
P2 Pioniergesellschaft mit Dreispaltiger Binse
P3 Pioniergesellschaft mit Taubenkropf-Leimkraut
* extrem lange Schneebedeckung
n Bodennässe
q Quellwassereinfluß
r Rieselwasser aufFels
K Kalkeinfluß

6 to 25 %

51 to 75 %

- 91 to 1000/0

oto 5 0/0

26 tO 50 0/0

76 to 900/0

3. General information

+
~

embankment, slope (peaks in .figure showing downhill)

direction ofslope inclination

slope shows different inclinations

terraced slope with different inclinations

Impact on semi-narural vegetation by ski run construction
measures

3. Allgemeines

~ Bäschungsbereich (Spitzen in Darstellung zeigen bergab)

v Hangneigungsrichtung+ Mehrere Neigungen (Bultiges oder unebenes Gelände)

~ Stufiger Hang mit mehreren Neigungen

BeeinflussunglStörung der Kontaktvegetation durch Pisten­
i4 bau
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able revegetation (e.g, PARTSCH, 1980). In Austria one can
refer to the publications ofSCHÖNTHALER (1985), KÖCK et

al. (1989), HOLAUS and KÖCK (1992), KRAUTZER (1993),
and LICHTENEGGER (1994 a, b), while the results ofKLUG

et al. (1995) confirm other authors' opinion that a goodly
number ofski run attendant species could be bred and used

easily; but at considerable expense.
Ir will be essential to breed in large quantities the seeds of

autochthon plants that have already been proven to be effec­

tive in providing sustainable revegetation on graded slopes

and ski runs. In this way there may be enough affordable
seeds to repair the damage that the ignorance and negli­

gence offormer years have caused to landscapes throughout

theAlps.
At the same time, since prevention is better - and cheap­

er - than eure, the impacrs of alpine tourism, both winter
and summer, have to be limited, including the excessive ero­

sion caused by management failures.
Damage to the acknowledged beauty ofthe alpine touris­

tic centres will have an adverse effect on national touristic

incornes, especially in the periods when there is no snow

cover to hide the darnage. With 7,2 % of AustrianGDP
(SMERAL, 1990) deriving from this source, there is justifica­
tion for both governmental and private initiatives that aim

to support sustainable measures.
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Table 1: Phytosociological releves representing ski runs at altitudes of 1820 to 1880 m a, s. L
Tabelle 1: PflanzensoziologischeAufnahmen in Pisten der Höhenklasse 1(1820-1880 m ü, M.)

Number ofreleve
Aufnahmenummer 234
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Neigung (0)
Cover percentage 97 97 90 99 90 80 97 85 93 95 75 90 99 95 98 95 50 85 93 90 90 55 95 95 95 65
Deckung (0/0)
Total number ofspecies (N) 32 38 34 23 22 32 31 43 39 19 17 28 19 46 35 44 37 47 36 37 36 28 29 36 36 30
Gesamtartenzahl (N)
Autochthon species only (N-s)
Artenzahl ohne Saatgut (N-s) 15 21 28 17 11 18 21 34 23 8 4 17 11 36 27 36 30 38 27 22 23 19 19 31 29 21
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s Phleum pratense
s Agrosciscapillaris
s Dactylis glomerata
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s Festuca ovina

A.2 s Trifolium repens
s Trifolium hybridum
s Trifolium pratense
s Achillea millefoliwn

Ranunculus acris
s Lotuscomicularus

Stellaria graminea
Leucanthemum vulgare
Plantago major
Ranunculus repens
Bellisperennis

sPlantago lanceolata
Rumex acerosella
Barbarea vulgaris
Veronica chamaedrys
Galium mollugo

B Deschampsia cespitosa
Poasupina
Alchemilla sp.
Taraxacum officinale
Carexnigra
Veronica serpyllifolia
Juncus ftliformis
Poaalpina
Phleum rhaeticum
Cerastium fontanurn
Ranunculus montanus
Crepis aurea
Leontodon hispidus
Rumex alpestris
Rumex alpinus
Trifolium pratense ssp.nivale
Peucedanum ostruthium
Viola palustris
Cirsium spinosissimum
Veratrum album
Trifolium badium
Athyrium distentifolium
Viola biflora
Salbe breviserrata
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Table 2: Phytosociological releves representing ski runs at altitudes of 1885 ro 1915 m a.s.l,
Tabelle 2: pflanzensoziologische Aufnahmen in Pisten der Höhenklasse 11(1885 -1915 m)

Number ofreleve
Aufnahmenununer
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Meereshöhe (m)
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Number of releve

Aufnahmenummer

2 1 1
092
598

1 1
2 2
4 5

1 1
3 6
o 4

2 2 2
6 3 6
4 6 3

1 1
6 9
o 4

2 1
2 3
2 3

2 2
5 6
3 0

1 2

5 5
7 8

1 2 1
424
509

2
6 6
5 3

2

7
3

Altitude (m a.s.L)

Meereshöhe (m)

1 1
9 9
2 3
5 0

1

9
8
o

1
9
8
o

1

9
8
o

1
9
8
5

2
o
2

o

1 2 1
9 0 9
8 1 8
o 5 0

2

o
o
o

1

9
3
o

1 2
9 0
3 0
5 0

1 1
9 9
7 9
5 5

2 2
o 0
o 1
5 0

1 1
9 9
4 4
o 5

1
9
7
o

1 1
9 9
8 5
5 5

2
o
2

5

Exposition - SE SE SE SE SE E SE S SE NE SEE E SE SE S

Indination (*)
Neigung (*)
Cover percentage

Deckung (0/0)
Total number ofspecies (N)

Gesamtartenzahl (N)

Autochthon species only (N-s)

Artenzahl ohne Saatgut (N-s)

o 0 0 0 0 0 0 5 8 10 12 15 15 15 18 18 18 18 20 20 20 20 22 22

35 20 65 40 15 S5 50 50 60 10 60 2 75 65 65 6S 60 65 70 50 80 60 10 50

24 5 23 14 11 31 26 23 34 8 34 6 42 20 18 50 38 30 41 23 20 26 7 32

18 4 20 8 7 26 20 20 27 6 27 34 14 13 44 30 23 36 17 16 20 6 21

+
+

+
+ IV

II
+ II

II
+ I

Frequenzy/Stetigkeit
1 + IV
+ IV

+ IV
+ III
+ IU

+ + IU
II
II

+ II
I
I
IV

+ + IV
IV

+ + IV
III

+ + III
IU

+ II
II
Ir

+ II
II
I
I
I

c

D

E

F

G

Sagina saginoides +
Cerastium cerastoides
Gnaphalium supinum
Epiulobium anagallidif. +
Veronica alpina
Sedum alpestre
Leucanthemopsis alpina
Soldanella pusilla +
Luzula alpinopilosa
Sibbaldia procumbens
Ligusricum mutellina
Leeneondon helveticus +
Potentilla aurea
Homogyne alpina +
Campanula scheuchzeri
Solidago virgaurea s.L
Campanula barbata
Hieracium alpinum
Anthroxanthum alpinum +
Luzula multiflora
Mardus stricta +
Gnaphalium norvegicum
Geum montanum
Porenilla erecta
Euphrasia picra
Phyteuma hemisphaericum
Crepis conyzifolia
juncus trifidus
Hieracium lachenalii
Avenella flex:uosa
Hieracium sylvaticum
Agrostis rupestris +
Saxifraga stellaris +
Juncus jacquinii
Silena vulgaris s.I,
Silens rupestris
Tussilago farfara
Thymus praecox ssp. polytr,
Galium anisophyllum
Oxyria digyna
Gentiana nivalis
Silene acaulis
Saxifrage moschata
Epilobium alsinifolium
Carex frigida +
Calycocorsus sripit.
Carex canescens
Caltha palusrris
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Mosses/Moose 2 2 322 234 3 + 322232223 + V
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Table4: Phytosociological releves representing ski runs ar altiredes of2040 to 2180 m a.s.l,

Tabelle 4: Pflanzensoziologische Aufnahmen aufPisten der Höhenklasse IV (2040 - 2180 m)

Number of releve 1 1 1 1 1 1 1 1 1 1 1 1 1

Aufuahmenummer 0 1 1 1 1 1 2 1 0 1 1 0 2

9 0 1 2 7 8 1 3 8 4 9 7 3

Altitude (m a.s.l.) 2 2 2 2 2 2 2 2 2 2 2 2 2

Meereshöhe(m) 0 0 0 0 1 1 1 0 0 0 1 0 1

6 6 6 6 2 2 6 6 6 7 3 4 8

5 5 5 5 0 0 5 5 0 0 0 0 0

Exposition SE SE E NE S NE

Inclination (e) 0 0 0 0 0 0 0 5 15 15 18 25 20

Neigung(c)
Coverpercentage 60 50 65 8 70 10 4 65 60 12 5 8 75

Deckung (0/0)
Total number of speeies(N) 31 12 27 10 26 13 10 22 12 15 10 7

Gesamtartenzahl(N)
Autochthon speciesonly (N-s) 25 7 24 9 21 12 3 17 5 12 6 3 18

Artenzahlohne (N-s)

Frequcncy/Steciskclt

A.I Festucarubra s.l, 2 2 2 3 3 2 4 V

Poa pratensis 2 1 2 2 2 2 V

Phleum pratense + + 2 IV

Dacrylisglomerata
I

Agrostiscapillaris
Festucapratensis + +

A.2 Trifolium hybridum +
IV

Trifolium repens + n
Leucanthemum vulgare r II

Lotus corniculatus I

Achilleamillefolium I

B Deschampsiacespitosa + + 2 V

Taraxacumofficinale +
Stellariagraminea n
Poa alpina 11

Poa supina + n
Carexnigra +
Leeriredon hispidus
Ranunculus mentaaus
Crepis aurea
Cirsium spinosissimum
Rumexalpinus
Athyrium distentifollum
Salixbreviserrata r

C Cerastium cerastoides + 2 + 3 + V
Gnaphalium supinum 2 r 1 + IV
Leucanthemopsisalpina r + 1 r IV
Epilobium anagallidifolium r 1 111
Veronicaalpina r r IU

Saginasaginoides + .... n
Sedum alpestre + n
Soldanellapusilla + + + n
Luzulaalpinopilosa + + 1 n
Ligusticummutellina r
Sibbaldiaprocumbens

D Leontcdon hdveticus + IU
Primulaminima 11
Campanula scheuchzeri + n
JUncDstrifidus I
Homogyne alplna 1
Luzulamultiflora
Potentillaaurea
Anthoxanthum alpinum +
Pulsatillaalba

E
Hieracium sylvaticum
Avenella flc:x:uosa +

F Agrostisrupestris 2 2 IV
Arabisalpina r In
Cardamine resedifolia + n
Senecioincanus ssp.camiolicus + n
Pritzelagoalpina + n
Saxifraga stellaris II
Oxyria digyna I
Saxifraga. moscha.ta + I
Thymuspraecoxssp.polytrichus I
Gentiana nivalis
Saxifraga bryoides
Tussilago farEua

MosseslMoose .3 .3 .3 .3 2 2 :2 V
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Table 5: Frequency of species in 4 different elevation classes
Tabelle 5: Stetigkeit der Arten auf Pisten verschiedener Höhenlage.

Elevation dasses/Höhenklassen: I: 1820-1880 m; C Cerasrium cerastoides IV V IV V
II: 1885-1915 m; Sagina saginoides IV V IV II
III: 1925-2025 m; Epilobium anagallidifolium III V III UI
IV:2040-2180 m. Veronica alpina III IV III III

Sedum alpestre 11 III III II
Gnaphalium supinum III IV IV IV

Elevation class/Höhenklasse I II III IV Sibbaldia procumbens r II I +
Numher of releves/Anzahl der Aufnahmen 26 17 24 13 Leucanthemopsis alpina + I II IV
Mean cover/Mittlere Deckung (%) 87 76 50 38 Soldanella pusilla I III II II
Mean number ofvascu1ar plant species (N*) 33 33 24 17 Luzula alpinopilosa I II II 11
Mim. Anzahl Gefäßpflanzen (N*) Ligusticum mutellina I I I
Mean numher ofautochthon species (N*-s*) 23 26 19 13 D Lecntodon helveticus IV IV IV III
Mittl, Anzahl Gefäßpfl. ohne Saatgut (N*-s*) Campanula scheuchzeri III III IV II

Homogyne alpina IV IV IV I
A.l s Festuca rubra s.l, V V V V Potentilla aurea V V IV +

s Poa pratensis V V IV V Solidago virgaurea III IV III
s Phleum pratense V V V IV Anthoxanthum alpinum III III II +
s Agrostis capillaris IV III III + Luzula multiflora IV III II +
s Fesruca ovina I + I Potentilla erecta IV IV I
s Dactylis glomerata II I I Nardus stricta ur III II
s Festuca pratensis II + Campanula barbara II III III

A.2 s Trifolium hybridum V V IV IV Hieracium alpinum I III III
s Trifolium repens V V II! II Gnaphalium norvegicum II II II
s Trifolium prarense IV 11 Hieracium lachenalii I I r
s Lotuscorniculatus III III I I Ajuga pyramidalis I I
s Achillea millefolium III r + I Arnica montana I I

Ranunculus acris III I r Crepis conyzifolia + I +
Plantago major II + r Pulsatilla alba r + +
Ranunculus repens II + r Geum montanum 't II
Bellis perennis I Euphrasia picta I I

s Plantage lanceolata I + Primula minima I II
Veronica chamaedrys I Phyteuma hemisphaericum 't I
Galium mollugo + II Juncus rrifidus + +
Rumex acetosella I r E Avenella fle:x:uosa I I I +
Barbarea vulgaris I I 't Vaccinium myrtillus I II
Leucanthemum vulgare II II I II Hieracium sylvaticum I 't + +
Stellaria graminea II + II Rhododendron ferrugineum r

B Deschampsia cespirosa V V V V F Tussilago farfara + I + +
Taraxacum officinale V IV IV IV Silene rupestris + I I
Poaalpina III III III II Thymus praecox ssp.polytrichus + + I
Carex nigra IV IV II I Agrostis rupestris I III IV IV
Leonrodon hispidus II III III I Silene vulgaris s.l. II
Crepis aurea III II II I Saxifraga stellaris + II· I!
Poasupina V IV I I Arabis alpina III
Ranunculus montanus III II r I Cardamine resedifolia r II
Cirsium spinosissimum I II II I Senecio incanus ssp.carniolicus II
Juncus filiformis !II IV II Pritzelago alpina II
Alchemilla sp. V IV 11 Saxifraga bryoides +
Phleum rhaeticum III 11 II Saxifraga moschata r I
Pencedanum ostruthium II I I Oxyria digyna r I
Veronica serpyllifolia IV 111 + Gentiana nivalis r +
Viola palustris I II r Galium anisophyllum r
Trifolium pratense ssp.nivale II I I Silene acaulis r
Rumex alpestris II II r G Calycocorsus stipitatus II II r
Rumex alpinus II I r + Epilobium alsinifolium I II I
Cerastium fontanutn III II + Carex echinata I I
Athyrium distentifolium I I r + Trichopherum cespitosum +
Salbebreviserrata + I + + Carexflava +
Trifolium badium I + r Eriophorum angustifolium I
Veratrum album I I Juncus jacquinii II
Viola biflora I Carex frigida I
Aconitum tauricum I r Carex canescens r
Hypericum macularum r Caltha palustris r
Aster bellidiastrum +

Adenostyles alliariae r + Mooses/Moose V V
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