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Abstract

Profile

By means of a long-term monitoring project, species diversity and abundance were
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analysed at 16 sites along an altitudinal gradient from 1960 m to 2830 m in

Gurgler Kamm Biosphere Reserve (LTER site of the platform Tyrolean Alps; Ober-
gurgl, Otztal). A total of 108 permanent plots of 1 m2 were established. The main
aim was to observe effects of time in untreated sites and impacts of grazing exclusion
on species number and frequency of functional groups in different subalpine and

alpine plant communities.

Crazing exclusion led to decreases in species numbers. Significant positive grazing
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effects were detected for dwarf shrubs and legumes in the subalpine zone and for

herbs in the upper alpine zone.

Within the untreated sites, species numbers and frequencies changed significantly
with time, involving almost all functional groups. The lichen heath was the most
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stable community. Here, only graminoids showed an increasing trend.
All in all, the intermediate disturbance hypothesis was found to be valid also for high
altitudes. A continuation of the traditional grazing regime is therefore suggested for

the entire Gurgler Kamm Biosphere Reserve.

Introduction

Effects of the ongoing climate change, outlined
for instance by IPCC (2007), can only be predicted by
means of baseline data from consecutive long-term
monitoring programmes. Recently, range shifts of spe-
cies and migrations were reported by several revisita-
tion studies from high altitudes in the Alps (Walther
et al. 2005; Pauli et al. 2007, 2012; Etrschbamer et al.
2000, 2009, 2011; Holzinger et al. 2008; Gottfried et
al. 2012). Long-term observations are also necessary
to record changes due to grazing cessation (Bohner et
al. 2012). It is well known that grazing cessation causes
major alterations in vegetation structure, species com-
position and richness in the lowlands and in the mon-
tane zone (Altesor et al. 2005; Pavlu et al. 2007; Is-
selstein et al. 2007; Bohner et al. 2012). An increasing
number of research projects also analysed grazing ef-
fects at higher altitudes (Schneiter 1997; Camenisch &
Schiitz 2000; Scheurer 2000; Kala et al. 2002; Binkley
et al. 2003; Dullinger et al. 2003; Buttolph & Coppock
2004; Jewell et al. 2007; Miller et al. 2010; Deléglise et
al. 2011). However, the amplitude of grazing effects
still remained unclear for high altitude plant commu-
nities.

In 2000 a long-term research programme was start-
ed in Obergurgl at Gurgler Kamm Biosphere Reserve
(BR), inner Otztal, Tyrol, Austria (Figure 1), from the
subalpine to the subnival zone, to monitor floristic and
faunistic changes and to measure microclimate and
soil conditions at selected sites (Kaufmann 2005; May-
er et al. 2009). The BR was seen as a unique area for

Figure 1 — Gurgler Kamm Biosphere Reserve. From left to right: Festkogel, Gaisberg

valley, Hobe Mut, and Rotmoos valley. © Roland Mayer

developing a Long-Term Ecological Research (LTER)
programme, similar to other arctic-alpine LTER sites
(e.g Niwot Ridge Colorado, Bowman & Seastedt
2001). First steps planned for the LTER Obergurgl
programme included establishing permanent plots at
the most important plant communities across all alti-
tudinal zones and monitoring species composition and
frequency at regular intervals.

With its long grazing tradition going back more
than 6000 years (Vorren et al. 1993) and involving
thousands of sheep (Bortenschlager 2000), Gurgler
Kamm BR seemed to be an ideal study area to inves-

Gurgler Kamm Biosphere Reserve
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Figure 2 — Position and boundary (dotted red line) of Gurgler Kamm BR in the inner Otztal (Tyrol, Austria); © Geoimage

Austria 2013

tigate effects of grazing cessation. Several grazing ex-
clusions were established in order to contribute to the
open discussion on grazing effects at high altitudes.

In this paper we will present only the results of the
botanical survey. The main aim was to study plant dy-
namics and frequency changes throughout the years
within a time frame of more than 10 years. Due to
continuous warming, mainly in summer, from 1972
onwards (Kuhn et al. 2013), we expected major chang-
es in species diversity mainly in the subalpine and
lower alpine dwarf shrub heaths and grasslands by
upward migrations of low-altitude species. Within the
grazing exclusions, a decrease of species diversity and
a prevalence of competitive species was hypothesized.

The main questions of this paper were: (1) does
species number change with time (untreated sites) and
grazing cessation (exclusion vs. control sites) along the
altitudinal gradient? (2) does frequency of functional
groups change with time (untreated sites) and grazing
cessation (exclusion vs. control sites)?

Material and methods

Study site

Gurgler Kamm BR (inner Otztal, Tyrol, Austria)
covers an area of ca. 1500 ha (Figure 2). It belongs
to the o/d generation of UNESCO biosphere reserves,

established in 1977 as a result of the MAB 6 Ober-
gurgl programme (Moser 1987; Patzelt 1987). The BR
was designated by a top-down decision, more or less
disregarding stakeholder processes and local circum-
stances.

Since 1981, about 90% of the BR area has been un-
der federal state protection (Ruhegebiet Otztaler Alpen,
http:/ /www.titoler-schutzgebiete.at/). The Rubegebier
was also proposed as Site of Community Importance
(pSCI) under the Habitats Directive and as a Special
Protected Area (SPA) under the Birds Directive, and
it was included in the Community List for the Euro-
pean Union’s Natura 2000 network (Erschbamer &
Kaufmann 20006). As the BR had never really been
recognized by the local authorities and residents, a re-
definition according to the Seville Strategy (UNESCO
1995) was not realized till the present and therefore a
retraction of the UNESCO label is conceivable.

With an extension from 1930 m up to more than
3400 m, the BR includes plant communities from the
subalpine to the nival zone, harbouring high alpha and
beta diversity. However, it includes also parts of the ski
resort with infrastructures for Alpine winter tourism.

The subalpine zone (1930—2300m) is character-
ized by Pinus cembra forests, subalpine grasslands,
green alder and tall forb communities (AZuus alnobetula,
Adenostyles alliariae), dwarf shrub communities (Rbo-
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Figure 3 — Some of the monitoring sites at Gurgler Kamm BR. S1: Obergurgly S§5: Schonwieskopf; S3: lichen heath; S7: Hobe
Mut; S4a: Rotmoos valley; S8: Kirchenkogel. © Roland Mayer

Table 1 — Monitoring sites at Gurgler Kamm BR (Obergurgl, Otztal, Tyrol, Austria), altitude, locality, community, two most fre-
quent species and sampling years. * Grazing exclusion sites (1 exclosure EX and 1 control CO). ** Grazing exclusion sites with three subsites
each (3 EX, 3 CO).

Site | Altitude | Locality Community Most frequent species Sampling year
S1* | 1960 m | Obergurgl Subalpine pasture | Agrostis capillaris, Festuca rubra 2000, 2003-2006, 2008, 2011
S2 2080 m | Rumsoppen Dwarf shrub heath | Vaccinium myrtillus, V. vitis-idaea 2000, 2003, 2004, 2008, 2011
S3 2250 m | Gurgler Heide Lichen heath Loiseleuria procumbens, Cetraria islandica 2000, 2003, 2004, 2008, 2011
S4a | 2300 m | Rotmoos Valley Alpine grassland | Nardus stricta, Carex sempervirens 2003, 2004, 2008, 2011
S4b* | 2300 m | Rotmoos Valley Glacier foreland Kobresia myorsuroides, Poa alpina 2001, 2003-2006, 2008, 2011
S5** 12300 m | Schénwieskopf Alpine grassland | Nardus stricta, Scorzoneroides helvetica 2000-2006, 2008, 2011
RN* | 2300 m | Rotmoos Valley Bog Nardus stricta, Carex nigra 2005-2007, 2011
RC* | 2300 m | Rotmoos Valley Bog Carex nigra, Eriophorum angustifolium 2005-2007, 2011
RT* 2300 m | Rotmoos Valley Trichophorum cespitosum,

Bog Eriophorum angustifolium 2005-2007, 2011
Sé6a | 2350 m | Festkogel ski piste | Ski piste grassland | Festuca rubra, Poa alpina 2000, 2003, 2004, 2008, 2011
S6b | 2350 m | Festkogel ski piste | Dwarf shrub heath | Loiseleuria procumbens, Avenula versicolor 2000, 2003, 2004, 2008, 2011
GF | 2490 m | Rotmoos Valley Glacier foreland | Saxifraga aizoides, Saxifraga oppositifolia 2011
S7** 12600 m | Hohe Mut Alpine grassland | Carex curvula, Avenula versicolor 2000-2006, 2008, 2011
S8 2790 m | Kirchenkogel Alpine grassland | Festuca pumila, Kobresia myosuroides 2000, 2003, 2004, 2008, 2011
LN | 2790 m | Liebener Rippe Alpine grassland | Kobresia myorsuroides, Thamnolia vermicularis 2011
LS 2830 m | Liebener Rippe Snow bed Polytrichum sp., Erigeron uniflorus 2011
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Figure 4 — Monthly means of air temperatures 2 m above soil
surface at 8 monitoring sites in Gurgler Kamm BR (means were
calenlated for the period 2000— 2011, Hartl et al. 2013). For
description of the sites, see Table 1.

dodendron ferruginenm, Vaccinium spp., Empetrum herm-
aphroditum, L oiseleuria procumbens) and boulder commu-
nities (Cryfogramma crispa, Salix helvetica). In the alpine
zone (2300—2800 m), grasslands (Carex curvula), snow
beds (Salix herbacea, Polytrichum norvegicum), subnival
scree and rock crevice communities (Saxifraga bryoides,
Achillea moschata) prevail. Primary succession can be
observed along the glacier forelands. Considerable di-
versity occurs up to more than 3400 m with Ranunculus
Slacialis, Saxifraga oppositifolia and Androsace alpina at the
highest altitudes.

Field work

In the course of 11 years, a total of 16 monitoring
sites (6 grazing exclusion sites and 10 untreated sites)
were established along an altitudinal gradient from
1960 m to 2830 m (Table 1, Figure 3). At 9 out of 16
monitoring sites, data loggers continuously register the
microclimate, i.e. air temperatures 2 m above the soil
surface (Figure 4) and soil temperatures at a depth of
10 cm (Hartl et al. 2013).

All untreated sites are regularly grazed by sheep
during summer. Within an area of approximately
40000 ha, ca. 3000 to 3500 sheep roam around during
summer time. The stocking rates at the grazing exclu-
sion sites at the BR are reported in Mayer et al. (2009):
S1 is grazed by cattle; S4b by sheep and horses; S5 by
sheep, goats, horses; S7 by sheep; RN, RC and RT by
horses and occasionally by sheep. The numbers did
not change during the investigation period. Depend-
ing on the time of snow melt, grazing generally lasts
from 1 June to 20 September. Only at S1 is grazing
restricted to 40 days a year (i.e. 6 heads of cattle dur-
ing daytime). No information exists on the numbers
of wild grazers (marmots, hares, roe deer, chamois).
S1 is privately owned, all other sites are of collective
property, i.e. they are grazed by domestic ungulates
from the Agrargemeinschaft (agricultural community).

Table 2 — Mean species number per 1 m? and standard error
(SE) at the first and the last monitoring (timetable see Table 1)
at the graging exclusion and control sites of the BR. RN, RC
and KT exclusion sites (electric fences) at the Rotmoos bog.
EX: exclosure site and CO control site (outside).

Species no. | Mean | SE Mean | SE

Site First monitoring | Last monitoring
STEX 28.3 1.5 25.3 3.8
S1CO 32.3 2.1 35.3 3.1
S4bEX 26.0 3.0 30.7 2.1
S4bCO 19.3 4.0 29.7 3.8
S5EX 21.0 1.1 19.9 2.5
S5CO 18.8 2.4 21.7 2.0
RNEX 19.7 1.2 17.7 1.5
RNCO 21.3 4.0 20.3 3.5
RCEX 11.0 3.6 14.0 2.6
RCCO 15.0 2.6 18.0 1.7
RTEX 7.0 1.0 6.3 0.6
RTCO 6.7 0.6 7.3 0.6
S7EX 17.1 0.8 17.2 5.0
S7CO 18.1 2.2 21.3 3.2

At the grazing exclusion sites S1, S5 and S7, wood-
en fences were established in 2000 and partly replaced
by electric fences in 2011. At S1 and S4b, only one
exclosure of 140 m? exists, at S5 there are three exclo-
sures of 146 m?, 38 m? and 26 m?, respectively, and at
S7 three exclosures of 144 m?, 31 m? and 34 m? re-
spectively. In 2005, three new exclusion sites (electric
fences) were added at the Rotmoos bog: RN, RC and
RT (one exclosure each, 144 m?, Mayer & Erschbamer
2011).

At each untreated site, six permanent plots of 1 m?
were marked. At each grazing exclusion site, three
plots of 1 m? were marked within each exclosure (EX)
and three outside as controls (CO), resulting in a total
of 108 plots of 1 m? Each permanent plot was moni-
tored once during the growing season according to
the time schedule in Table 1 by means of a frequency
frame, divided into 100 subplots of 10 cm x 10 cm.
The frequency of the species was given in percent
related to the 100 subplots. The frequencies were
summed up into functional groups, i.e. dwarf shrubs,
herbs, legumes, graminoids, bryophytes and lichens.

Statistics

Changes at grazing exclusion sites and their controls
were calculated separately from the other monitoring
sites, which were not treated by exclusion. Frequency
counts and species numbers from 2000 to 2011 were
analysed by a repeated ANOVA performed in PASW
Statistics 18 (formerly SPSS; Polar Engineering and
Consulting 1993—2007). The years were treated as fac-
tors of the repeated measure (innersubject variable). For
all grazing exclusion sites, the variables year, exclosure
and the interaction effect of these variables (year*exclo-
sure) were calculated. For all naturally grazed monitor-
ing sites only the variable year was calculated.



Table 3 — Results of repeated ANOVA application: effects of
year, exclusion and year* exclusion on the number of species at
Sour grazing exclusion sites. SQ = sum of squares, df = degrees

of freedom, V= F-value, Sign = p-values (p <0.05 in bold).
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Table 4 — Results of repeated ANOVA application: effects
of years, exclusion (EX) and years *EX on the frequency of
Sunctional groups at the 7 grazing exclusion sites; p <0.05 in
bold; trend: @ increasing in EX, & decreasing in EX.

Site | Effect Species no. sQ df F Sign. Site [ Functional group | Years EX | Years*EX | Trend
S1_|year 147.667| 6| 5.183| 0.002 S1 | total <0.001| 0.009| <0.001| &
error year 114.286 | 24 dwarf shrubs 0.010| 0.039| <0.001| &
exclusion 176.095| 1| 9.222 0.039 graminoids <0.001| 0.392 0.023| &
error exclusion 76.381| 4 herbs <0.001 | 0.226 0.027| &
year * exclusion 176.905 6| 6.192| <0.001 legumes 0.076 | 0.023 0.002 g
S4b | year 278.143 6| 14.299 | <0.001 bryophytes <0.001 | 0.086 0.002 g
error year 77.810 | 24 S4b | total <0.001| 0.975 0.897
exclusion 106.881 1 1.473 0.292 graminoids <0.001| 0.350 0.267
error exclusion 290.190 | 4 herbs <0.001| 0.870 0.804
year * exclusion 40.619 | 6| 2.088 0.092 legumes <0.001| 0.651 0.484
S5 | year 53.567 | 8| 4.157 0.002 bryophytes <0.001| 0.210 0.589
error year 51.543 | 32 lichens <0.001| 0.260 0.411
exclusion 3.461 1 0.183 0.691 S5 total <0.001 | 0.938 0.911
error exclusion 75.627 4 graminoids <0.001| 0.658 0.277
year * exclusion 16.873| 8| 1.309| 0.274 herbs <0.001 | 0.472 0.608
S7 |year 237.967| 8] 12.705| <0.001 bryophytes 0.008| 0.899 0.980
error year 74.920| 32 lichens 0.193| 0.400 0.514
exclusion 74.295 1 1.755 0.256 S7 total <0.001| 0.184 0.023 U
error exclusion 169.293 4 graminoids <0.001| 0.789 0.607
year * exclusion 10.840| 8| 0.579| 0.788 herbs <0.001 | 0.205 0.025| ¥
bryophytes <0.001| 0.639 0.198
lichens <0.001| 0.909 0.957
Results RN | total 0.002 | 0.298 0.080
dwarf shrubs 0.091 | 0.022 0.188
Diversity and effects of grazing exclusion graminoids 0.002| 0.670 0.561
At the first monitoring, diversity was highest at S1, herbs 0.004| 0.531 0.133
with a mean of 28 species per 1 m? in the exclusion bryophytes <0.001| 0.552 0.099
plots and 32 in the control plots. At the last moni- lichens 0.491] 0.392 0.363
toring, 25 and 35 species, respectively, were recorded RC | total <0.001| 0.386 0.133
at S1 (Table 2). The lowest diversity occurred at the dwarf shrubs 0.126| 0.078 0.766
wettest sites of the Rotmoos bog (RTEX and RTCO, graminoids <0.001] 0743 0.019| @
. . herbs <0.001 | 0.197 0.770
Table 2) with 6—7 species per 1 m?.
. . . bryophytes 0.148| 0.213 0.023 i
Grazing exclu.s1on generallyj led .to .decreases .1n the T T roral =0.001] 0.355 0.932
number of species whereas diversity increased in the graminoids <0.001| 0.765 0.524
control plots (Figure 5). A clear trend of divergent de- herbs 0.098| 0.520 0.618
velopment can be recognized after 11 years at site S7 bryophytes <0.001| 0.485 0.038| ¢
(Figure 6). Similar trends were also observed at the ex-
clusion sites ST and S5. Results of the repeated ANO- Changes in species number
VA application showed significant effects of time on 407 s
species numbers at all the exclusion sites (Table 3). Sig- Q// )
nificant grazing exclusion effects were detected only at / O
S1 (Table 3). 30— O 0/ /
At S4b (glacier foreland), species numbers in- o y
creased in the exclusion sites as well as in the control % s
plots (Table 2). 5 20 @/
Grazing effects on functional groups were detected é > o
at S1, with significant decreases of dwarf shrub and 3 y
legume frequencies in the exclosures (EX, Table 4). 10— P
However, all other functional groups also presented
decreasing trends in the exclosures (years *EX, Table 4). ///
At site S7, herbs exhibited a significantly decreasing 0 : : : ‘
trend in the exclosures. At RN, dwarf shrubs were neg- 0 10 20 30 40

atively affected by grazing (EX, Table 4). At RC and
RT, bryophytes had an increasing trend in the exclo-
sures; at RC, this also holds for graminoids (Table 4).

First monitoring

Figure 5 — Scatter plot of the grazing exclusion (®) and control
sites (O), comparing the first and the last monitoring results.
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Figure 6 — Species number (a) and total frequencies (b) at site 87 in the exclosure (EX) and control plots (CO) from 2000 till

2011. Means and standard errors are shown.

Table 5 — Mean species number per 1 m? and standard error
(SE) at the first and the last monitoring at the untreated sites
of the BR.

Species no. Mean | SE Mean | SE
Site First monitoring | Last monitoring
S2 20.3 3.9 25.5 1.6
S3 21.2 6.0 21.8 6.4
Sda 30.3 3.7 36.8 4.7
Séa 17.7 6.8 27.0 2.6
Séb 23.0 1.7 28.0 5.3
GF 3.5 1.9 no value
S8 23.4 3.5 25.8 1.8
LN 38.0 4.1 no value
LS 30.5 3.1 no value

Table 6 — Results of repeated ANOVA application, with spe-
cies number as dependent variable and year as fixed variable at
the untreated sites. SQ = sum of squares, df = degree of free-
dom, F'=F-value, Sign=p-values (p <0.05 in bold).

Site | Effect Species no. [ SQ df |F Sign.

S2  |year 141.200| 4| 8.695|<0.001
error year 81.200 | 20

S3 | year 7.500| 4| 0.630| 0.650
error year 35.700 | 12

Sda | year 274.972 | 3| 46.641| <0.001
error year 29.458 | 15

Séa | year 198.400 | 4| 20.667 | <0.001
error year 19.200| 8

Séb | year 65.333| 4| 2.140| 0.167
error year 61.067| 8

S8 | year 125.667 | 4| 5.843| 0.003
error year 107.533 | 20

Diversity at the untreated sites

The highest diversity per plot (38 species per 1 m?,
Table 5) was found at the alpine grassland of the
Liebener Rippe, the lowest species number resulted at
the recently deglaciated plots of the Rotmoosferner
glacier foreland (3—4 species per 1 m?, Table 5).

Diversity increased considerably over the years at
the untreated sites (Table 5). With exception of S3 and
S6b, all untreated sites exhibited significant effects of
the factor year on species number (Table 6). More or
less all functional groups were involved in these in-
creases (Table 7). The weakest trends were found at
S3. Here, only graminoids showed an increasing trend
(Table 7).

Considering all untreated sites, no appearance of
species from lower altitudes were recorded at all.

Discussion

The results of increasing species numbers at the
untreated sites are in line with the overall trends dut-
ing recent decades at high altitudes (Pauli et al. 2007,
2012; Lenoir et al. 2008; Erschbamer et al. 2011; Gott-
fried et al. 2012). Revisitations of summit floras in the
Alps revealed an upward migration of species and an
increase in species richness due to increases in mean
surface air temperature (Meehl et al. 2007; Gottfried et
al. 2012; Pauli et al. 2012). The diversity increase can
also be confirmed in the BR Gurgler Kamm from the
subalpine to the subnival zone. However, up to now
no clear signs of upward migrations of species from
lower altitudes were detected at our monitoring sites.

Very low changes were observed in the lichen heath
(S3). This dense Loiseleuria procumbens-lichen carpet can
be regarded as a highly stable community and we as-
sume that it may be the most resistant one against in-
vasions by species from lower altitudes.

Clear grazing effects were detected in the subalpine
zone. Here, the control plots enhanced species num-



bers and frequencies substantially. In contrast, the fre-
quencies of dwarf shrubs (Calluna vulgaris, 1 accinium
spp.) and legumes (T7ifolinm spp. and Lotus corniculatus)
decreased significantly in the exclosure plots. Similarly,
an increase of Fabaceae in grazed ecosystems due to
the presence of gaps was noticed for instance by Du-
pré & Diekmann (2001). In our case, the increase was
most likely enhanced due to mineral fertilization of the
grazed control plots by the farmer. Severe increases of
tall herbs in the exclosure plots, visible already after 7
years of grazing exclusion (Mayer et al. 2009), were
frequently found after grazing cessation in different
plant communities (Mayer & Grabner 2004; Pajunen
et al. 2008; Medina-Roldan et al. 2012). As a conse-
quence of increased tall herb abundance, dwarf shrubs
were found to be the losers in the subalpine exclosure.
These findings contrast with results reported from
arctic environments, where reindeer grazing mainly
reduced the abundance of dwarf shrubs (Vire et al.
1996). The contrasting results can be attributed to the
differences in grazers, plant communities and climate.

With increasing altitude, the effects of grazing de-
creased. Species numbers did not change significantly
in the lower and upper alpine grazing exclusions in the
course of 11 years. However, functional groups shift-
ed considerably. At S7, herbs showed a significant de-
creasing trend, probably due to the enhanced growth
of the dominant grassland species Carex curvula in the
exclosures. Also at S5, temporal shifts of all functional
groups were recorded. We point out that only over
the longer term are divergent reactions of functional
groups visible in exclosures and controls.

Within two exclosures of the Rotmoos bog, grami-
noids and bryophytes were found to have a significant
increasing trend. The increase of bryophytes is in line
with results of Virtanen (2000) who found increasing
bryophyte biomass production even after short-term
grazing exclusions of 5 years in a mountain snow bed in
NW Finland. Eskelinen & Oksanen (2006) found that
graminoids declined after grazing reduction. In con-
trast, at the RC site, graminoids and at RN site, dwarf
shrubs showed a positive effect in the exclosure plots.

Highest increases in species numbers were recorded
at S4b, i.e. at the 1858 moraine of the Rotmoosferner
glacier foreland. Here, primary succession is acting on
both controls and exclosures. On both sampling sites a
high increase in species numbers and frequencies was
detected. All functional groups were increasing more
or less equally, showing the high dynamic of this ini-
tial grassland at the glacier foreland. The grassland has
mean cover values of 67% (Raffl & Erschbamer 2004;
Raffl et al. 2006). Obviously, the open patches within
this site allow new colonization in grazed as well as
in ungrazed plots. Due to the high variability of the
plots, differences between exclosures and controls
were not really detectable.

Roland Mayer & Brigitta Erschbamer

Table 7 — Results of repeated ANOVA application: effects of years
on the frequency of functional groups at the untreated sites. SQ = sum
of squares, df = degree of freedom, F'=F-value, p <0.05 in bold;
Trend: © increasing in EX, 3 decreasing in EX.

Site | Functional group Qs df F Years | Trend

S2 | total 554643.333 | 4| 50.475 | <0.001 i
dwarf shrubs 73329.467 | 4| 15.345| <0.001 i
graminoids 3031.000| 4| 7.475| 0.001 @
herbs 80571.867 | 4| 18.380| <0.001 i
bryophytes 17588.333 | 4] 28.619|<0.001| ©

S3 | total 21183.500| 4| 1.860| 0.182
dwarf shrubs 10075.700 | 4| 2.952| 0.065
graminoids 1189.700| 4| 5.592| 0.009| 1
herbs 2299.800| 4| 1.716 0.211
bryophytes 477.500 | 4| 0.727 0.590
lichens 5680.800| 4| 1.987 0.161

S4a | total 628780.458 | 3| 85.149 | <0.001 i)
graminoids 2523.500| 3| 6.126| 0.006| 1
herbs 186767.500 | 3| 36.983 | <0.001 iy
legumes 169.458 | 3| 0.863 0.481
bryophytes 405.000| 3| 2.811 0.075

Séa | total 330602.267 | 4| 19.639 | <0.001 i)
dwarf shrubs 274.667 | 4| 0.818| 0.548
graminoids 6631.600| 4| 6.293| 0.014| @
herbs 68875.067 | 4|18.610| <0.001 i)
bryophytes 24234.267 | 4]21.902] <0.001| ¢
lichens 8509.333| 4| 2.984 0.088

Séb | total 256382.267 | 4| 7.844| 0.007 i)
dwarf shrubs 3663.067 | 4| 1.751 0.232
graminoids 18862.400| 4| 8.068| 0.007 i)
herbs 86831.067 | 4| 11.163| 0.002 i)
bryophytes 2793.067 | 4| 3.273| 0.072
lichens 5686.400| 4| 5.987| 0.016 i)

S8 | total 402233.133| 4| 22.581| <0.001 i)
graminoids 6756.467 | 4| 4.605| 0.008| 1
herbs 74782.467 | 4| 16.844 | <0.001 iy
legumes 556.867 | 4| 4.941| 0.006| 1
bryophytes 21379.533| 4| 24.615| <0.001 i

Conclusions

In contrast to the majority of ecological studies,
which last three years at most, our monitoring study
is unique, being (i) a long-term project and (ii) cover-
ing the whole gradient from subalpine pastures, dwarf
shrub communities and ski runs to alpine grasslands,
subnival grasslands and recently deglaciated moraines.
Grazing effects were found to be significant at the sub-
alpine zone. After 11 years, frequencies as well as spe-
cies numbers already showed a contrasting develop-
ment in all exclosure and control plots along the whole
altitudinal gradient, though this was not significant at
higher altitudes. However, the diverging tendency will
be much more consistent in the longer term.

From the 11-year monitoring it can be concluded
that species diversity will be negatively affected by
grazing exclusion along the whole altitudinal gradient.
Our results support the intermediate disturbance hypothesis
predicting an increase of diversity under medium to
low grazing pressure (Milchunas & Lauenroth 1993;




Research

Proulx & Mazumder 1998). The hypothesis, defined
for lowland ecosystems, is also valid for high altitude
grasslands. We therefore suggest continuing with the
same number of sheep traditionally grazing in the BR
and in the Natura 2000 area Otztaler Alpen in order to
avoid shifts in species composition and richness. Our
results will be further refined after another monitoring
in 2014 and suggestions will be included in a future
management plan of Otztal Nature Park. At present
no management programme exists but directives have
already been discussed.
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