‘ BAUHINIA 27 /2018 ‘ Vegetation changes Lauterbrunnen ‘ 93-109 ‘

Vegetation changes at the timberline ecotone
of the Lauterbrunnen valley,
Bernese Oberland, Switzerland

Sarah C. Strahl and Conradin A. Burga

This case study explores vegetation dynamics to understand whether changes
at the timberline ecotone have been caused by land-use changes or by a warmer
atmosphere. The Lauterbrunnen valley (northern Swiss Alps) has been chosen
for this study, because existing vegetation data goes back to 1920, allowing the
detection of changes over a baseline of 85 years. Vegetation mapping and plant
relevés were used to analyze the vegetation dynamics of selected areas and to dis-
tinguish changes that are a probable response to global warming from those caused
by changes in land-use activity. In July and August 2005, vegetation surveys were
made in subalpine and alpine grassland (Geo montani-Nardetum) at sites which
had already been studied by Liidi in 1920. The results showed a significant surface
increase in spruce forest and an advance of the tree limit to higher elevation at
several sites, with highest values of +9om near the Ménnlichen Mountain (2343
m a.s.l.). Because most plotted Geo montani-Nardetum sites (53 %) have been at-
tributed to heath facies, we propose, in agreement with other studies, that these
vegetation dynamics are driven mostly by reduction in land-use activity rather than
by climate warming.

Vegetationsdnderungen am Waldgrenzékoton des Lauterbrunnentales (Berner
Oberland, Schweiz). Die Fallstudie untersucht die Vegetationsdynamik des Waldgren-
zokotons, um abzukldren, inwieweit Verdnderungen durch verdnderte Landnutzung
oder durch Klimaerwarmung verursacht worden sind. Das Lauterbrunnental (nord-
liche Schweizer Alpen) ist fiir diese Studie gewahlt worden, weil Vegetationsdaten bis
zuriick zum Jahr 1920 vorhanden sind, was eine Analyse iiber einen Zeitraum von 85
Jahren hinweg erlaubte. Methodisch wurden Vegetationskartierung und Vegetation-
saufnahmen angewandt, um die Vegetationsdynamik an ausgewahlten Untersuchun-
gsgebieten zu analysieren und dadurch Veranderungen bedingt durch die Klimaerwér-
mung, von denjenigen, bedingt durch die Anderungen in der Landnutzung unterschei-
den zu konnen. Im Juli und August 2005 wurden Vegetationserhebungen in den sub-
alpinen und alpinen Weiden (Geo montani-Nardetum) an Standorten durchgefiihrt,
die bereits von Liidi 1920 studiert worden waren. Die Ergebnisse haben gezeigt, dass
der subalpine Fichtenwald bedeutend an Flache zugenommen hat und dass sich die
Baumgrenze an mehreren Standorten nach oben verschoben hat, mit hochsten Werten
von +9om in der Ndhe des Mannlichen (2343 m ii. M.). Weil die meisten kartierten
Flachenvon Geo montani-Nardetum (53 %) der Variante mit Zwergstrduchern zugeord-
net werden mussten, schlagen wir in Ubereinstimmung mit anderen Studien vor, dass
diese Vegetationsveranderungen grosstenteils durch nachlassende Landnutzung und
weniger durch die globale Klimaerwdrmung gesteuert werden.

Over the past 100 years global warming (+0.6 °C) has strongly
affected landscape and vegetation in many regions of the Earth
(IPCC 2014). The most drastic changes have been reported in high
mountain ecosystems, which are more exposed to atmospheric
oscillation and have therefore been identified as an important
habitat for inferring primary signals of climate change (BENISTON
2006). In particular, the European Alps are by far the best-studied
high mountain areas of the world in terms of weather, climate
and vegetation development and flora history with a long tradi-
tion of floristic surveys and vegetation analysis that provide a rich
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source of data reaching far back into the last century (LUDI 1921;
OZENDA 1988; BURGA & PERRET 1998; KULLMANN 2000; WALTHER et
al. 2005; AESCHIMANN et al. 2011, 2013). The study of plant species
migrations to higher elevations has been shown to be relevant to
understanding the effect of global climate warming, because plant
growth is strongly dependent on temperature (KORNER 2003).
Previous studies have shown that the effect of plant species migra-
tion to higher elevation is in accordance with the global warming
effect over the past 100 years. Different plant species of the subal-
pine and alpine belt have migrated upslope by an average of 200 m
and have caused: an increase in species diversity on high summits,
a process of thermophilization of the vegetation at high eleva-
tion, and a change in the phytodiversity and ecological behavior
of a habitat (BRAUN-BLANQUET 1957; HOFER 1992; BURGA & PERRET
1998; CARRARO et al. 2001; GRABHERR et al. 2001; THEURILLAT &
GUISAN 2001; BURGA et al. 2003; GOTTERIED et al. 2012; PAULI et al.
2012; WIpF et al. 2013). Trends first suggested in 1957 by Braun-
Blanquet, who noted increased plant species presence above 3000
min 1947-1955 compared with 1812—-1835, have been confirmed
and investigated in detail by subsequent studies (WALTHER et al.
2005; BURGA et al. 2007). In addition, other studies have shown
that timberlines have shifted in direct response to the global
warming effect in several mountain regions during the last 100
years (TRANQUILLINI 1979; BURGA & PERRET 1998; KORNER 1998;
KULLMANN 2000; PERRET 2005; HOCH & KORNER 2009; KORNER
2012). In the Russian Polar-Ural, for example, where human im-
pact is low, the timberline has climbed by 60-80m (MOISEEV &
SHIYATOV 2003). In the Alps, however, large areas have been af-
fected by anthropo-zoogenic impacts, such as wood clearings and
pasture activity. As a result, the timberline has been lowered from
its potential value by about 300-400 m to a current elevation of
1800-2000 m a.s.l. (northern Swiss Alps) (HEGG 1984 a, b; BURGA
1988; BURGA & PERRET 1998; PERRET 2005; HOLTMEIER 2009).

Existing studies have mostly focused on monitoring mountain
flora at several mountain peaks by comparing old with new veg-
etation records. None of these studies has yet considered histori-
cal vegetation maps, which show vegetation change as a dynamic
process and can distinguish between changes attributable to land
use and those in response to climate change.

Study purpose and working hypothesis

The aim of this study was to show the importance of veg-
etation as a dynamic process by assessing the effects of current
vegetation dynamics at the Alpine timberline of the Lauterbrun-
nen valley. We studied the effect of global warming and changes
in land-use activity by comparing: a the vegetation pattern of
subalpine and alpine vegetation and b the occurrence of sin-
gle spruce trees within the timberline ecotone of selected areas
of the Lauterbrunnen valley with Liidi’s mapping of the 1920s
(LUDI 1921). Thanks to Liidi’s detailed vegetation study of the
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1920s, the dynamics of vegetation boundaries in the Lauter-
brunnen valley can be studied over the last 85 years, a period
when global climate warming has taken effect. This study seeks
to answer the question: To what extent is the vegetation pattern
of the timberline ecotone affected by non-disturbed processes,
in probable response to global warming, and to what extent by
disturbed processes, in response to overgrazing? To perform
this study, we diagnosed the effect of anthropo-zoogenically
modified timberline in the field by analyzing the amount of:
a non-disturbed surfaces and b grazing overused surfaces with-
in the dominant plant communities of the timberline ecotone,
i.e. Geo montani-Nardetum grassland and subalpine Alpenrose
heath. Anthropo-zoogenically produced impacts of land use,
such as forest clearance and overgrazing, result in soil degrada-
tion. Hence, undemanding plant communities, especially grass-
land communities of the alpine belt, are favored to invade the
area of former forests. As soon as the grassland community has
adapted to the degraded conditions of the invaded habitat, the
vegetation that becomes established lacks character species and
species richness. Furthermore, subalpine and alpine grassland
communities are well suited to studying the driving factor of
vegetation dynamics, since their habitat-forming capacity is
lower than forest communities. Therefore, grassland communi-
ties often show a relationship to shrub communities like green
alder and ericaceous scrub heath. Geo montani-Nardetum in-
vaded by ericaceous dwarf shrubs (e.g., Calluna vulgaris, Rhodo-
dendron ferrugineum and Vaccinium myrtillus) is frequent in areas
of the timberline ecotone that show reduction in pasture activity
and a transition to the potential climax coniferous forest. Cattle
manure promotes the grass species Nardus stricta, while a de-
crease in anthropo-zoogenic land-use benefits the development
of dwarf shrub species (HEGG et al. 1993).

Study region

The Lauterbrunnen valley (46°36’0” N, 7°54’32" E) is situ-
ated in the northern Swiss Alps and belongs to the world heritage
site Jungfrau Region (Fig. 1). Its climate is subalpine-humid and
the region’s microclimate is affected by different wind systems.
The mean annual temperature is 5.95 °C in Lauterbrunnen (795
m a.s.l.) and -7.6 °C at the Jungfraujoch (3580 m a.s.l.), the
mean annual precipitation ranges between 1164 mm (Lauter-
brunnen) and 1800—-2000 mm (Kleine Scheidegg: 2061 m a.s.1.).

The landscape features in the study region are a result of
complex-ancient geological and tectonic structures (i.e., granitic
Aar massif, autochthonic crystalline sediments, and limestone
covers of Diablerets, Wildhorn and Doldenhorn nappe), and
glaciological history (moraines and alluvial deposits), but also
recent processes of landscape evolution (rock-fall and landslide
activity), which gives rise to a wide distribution of different soil
and vegetation types (LUDI 1921; NABHOLZ 1967).

95



96

BAUHINIA 27 /2018 S. C. Strdhl & C. A. Burga ‘ 93-109 ‘

The studied vegetation types are: ericaceous dwarf shrub
heath (Rhododendro-Vaccinietum), subalpine green alder
shrubs (Alnetum viridis) and subalpine and alpine mead-
ows (Geo montani-Nardetum) (LUDI 1948; BRAUN-BLANQUET
1948/1949; SCHWEINGRUBER 1972; DELARZE & GONSETH 2008).

Material and Methods

Our study is based on the work by Liidi that was published
in 1921. Liidi was one of the first scientists to describe an Alpine
valley according to the genetic-dynamic principle, publishing the
following maps of the vegetation for the Lauterbrunnen valley
in 1921:1Economic vegetation map and 2 Genetic-dynamic veg-
etation map.

1 Economic vegetation map

The first vegetation map of the Upper Rhine valley that was
published by HAGER in 1916 served as an important basis for
establishing further economic vegetation maps, because it could
illustrate the relationship between human and climatic-edaphic
impacts on subalpine forest. In Liidi’s economic vegetation map
forest vegetation is classified according to the type of surface
cultivation. The vegetation for the year 1920 is given by the
intensity of cultivated area with demand for agricultural use,
which correlates with climate and landscape morphology. The
potential natural vegetation of these land-use maps can be ap-
proximated with the help of plant ecological knowledge.

2 Genetic-dynamic vegetation map

Lidi’s genetic-dynamic vegetation map of plant communi-
tiesis an early study of plant sociology in the Alps. He introduced
plant succession as a genetic-dynamic principle to illustrate
changes taking place in the ecosystem over a certain time period.
Plant succession processes are important for studying changes
in plant communities that take place at the level of associations.
The term “association” was defined by BRAUN-BLANQUET (1921)
as a basic unit of a plant community that expresses a habitat in
which the environmental conditions are uniform. When plant
species move from a certain location, as occurs when the tim-
berline advances or recedes, the ecology of the invaded habitat
is transformed. Initial changes in the biotic/abiotic conditions of
a habitat can be well identified by the distribution of character
species in plant communities. To analyze initial changes in the
elevation of the timberline, Liidi studied the effect of invasive
plant species in several plant communities by vegetation map-
ping in the Lauterbrunnen valley, for example the invasion of
ericaceous dwarf shrub communities (Rhododendro-Vaccinion)
into grassland communities of the Geo montani-Nardetum. Ele-
vation measurements of the upper occurrence of single trees,
krummbholz and ericaceous dwarf shrubs were carried out with
an aneroid barometer (LUDI 1921). Geo montani-Nardetum is a
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dominant grassland community of the subalpine and alpine belt
on acid soils and is the most frequent subalpine and alpine grass-
land type in the Lauterbrunnen valley. It is therefore well suited
to analyzing the effect of non-disturbed and overgrazed surfaces
in the timberline ecotone. Furthermore its extent is well docu-
mented in the genetic-dynamic vegetation map by LUDI (1921).

Here, we compare the subalpine and alpine vegetation of
the timberline ecotone of selected areas A Miirren, B Wengern-
alp, and € Mannlichen (Fig. 1) in the year 2005 with Liidi’s data
from 1920. Especially changes that could be attributed to land
use or climate warming have been taken into account. The fol-
lowing methods were used: 1 Mapping of the current dominant
vegetation and vegetation relevés, 2 establishment of GIS-maps
of the current dominant plant communities and 3 pairwise com-
parison (t-test) of the differences between the 1920 data and the
2005 data.

The vegetation mapping and vegetation relevés in three se-
lected areas (Miirren, Wengernalp, Mannlichen) were carried
out according to the modified Braun-Blanquet method in the
Geo montani-Nardetum. Since forest encroachment related to
recession in pasture activity is explained by the invasion of dwarf
shrub species and a certain spread of green alder into pasture
(HOLTMEIER 2009), we also mapped areas of sub-alpine dwarf
shrub heath and green alder scrub to complete this study. The
Braun-Blanquet method has been applied by many botanists to
characterize plant communities and vegetation patterns (BRAUN-
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Abb. 1: Geografische Lage und Karte
der Untersuchungsflachen:

A Gebiet Miirren: Grid 634 000/
156750 bis 635 450/159 450

B Gebiet Wengernalp: Grid
637500/158 000 bis 640500/
160500

C Gebiet Ménnlichen: Grid 637 0oo/
161500 bis 639000/163 500
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BLANQUET 1957, 1964; DIERSCHKE 1994; ELLENBERG 1996). In the
present study, we modify the combined cover-abundance index
defined by Braun-Blanquet because his cover-abundance index
values consider only a certain scale range (e.g., index 2: 5-25 %)
and are therefore not suitable for giving an accurate estimate
of the density of a plant species, especially one with low abun-
dance, e.g., index 1 or 2. Therefore, we split Braun-Blanquet’s
cover-abundance index 2 (5-25 %) into four sub-cover-abun-
dance index steps, each of 5 %. We selected each plot size ac-
cording to the concept of minimum area size (BRAUN-BLANQUET
1921); 4 m? for Geo montani-Nardetum and 100 m? for erica-
ceous dwarf heath and green alder scrub. The vegetation map-
ping of the three areas was based on the topographical map scale
1:25000 (OFFICE OF GEOINFORMATION 2002). Vegetation map-
ping was carried out in 20 sites near Miirren and 20 sites near
Wengernalp during several field campaigns in July and August
2005 (Fig. 1). Within each area, 15 sites of Geo montani-Narde-
tum and 5 sites of ericaceous dwarf heath and green alder scrub
were sampled. In the third study area, Mannlichen, no vegeta-
tion relevés were carried out, but the current occurrence of the
uppermost growing single trees of Norway spruce (Picea abies)
forest was recorded to compare their distribution with Liidi’s
1920 results. The 40 sites were selected within areas that were
most intensively studied by Liidi in 1920 and therefore well doc-
umented in Liidi’s genetic-dynamic vegetation map. Some of
these were affected by anthropo-zoogenic impacts like grazing.
Each site was located and identified with GPS in x- and y-coor-
dinates that were given by the Geographic Coordinate System
GCS_CH1903 in Swiss Grid. Plant species were first recorded ac-
cording to the identification key by LANDOLT (2003); the present
plant species nomenclature follows that of LAUBER et al. (2012).
For each site we differentiated between non-disturbed and over-
grazed surfaces by defining vegetation units according to three
categories: 1 Non-disturbed areas of Geo montani-Nardetum
showing a high presence of character species, such as Pseud-
orchis albida, Geum montanum, Gentiana acaulis, Ajuga pyramidalis,
Campanula barbata, Arnica montana; 2 Geo montani-Nardetum
areas invaded by Calluna vulgaris dwarf heath (transition form
with ericaceous dwarf shrubs) and 3 overgrazed alpine pastures
of the Geo montani-Nardetum with a high presence of trivial
flora, e.g. Poa alpina, Deschampsia cespitosa, Leontodon helveticus
(BRAUN-BLANQUET 1948/1949; DELARZE & GONSETH 2008). Sites
in the subalpine dwarf shrub heath were chosen in areas most
strongly affected by anthropo-zoogenic impact and well docu-
mented in the genetic-dynamic vegetation map by LUDI (1921),
and were studied according to the same procedure as was used
to study the sites of Geo montani-Nardetum. At selected sites
already surveyed in 1920, we used GPS to measure the current
position of the forest, tree and dwarf shrub limits and compared
them with those on the older maps published by Lup1 (1921).
In addition, changes in the surface of subalpine spruce forest
(particularly Vaccinio-Piceion) and subalpine dwarf shrub heath
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(particularly Rhododendro-Vaccinion), but also the number of
single Norway spruce forest trees, were considered to show the
intensity of human impact at the timberline ecotone over the
past 85 years. Each detailed vegetation map is based on standard
ESRI-ArcGIS (ArcGIS 9) algorithms. Subsequently, a pairwise
comparison (t-test) using SPSS was applied for testing significant
differences in the response variables between the years 1920
and 2005, for: a the position of vegetation boundaries and b
changes in the surface of important plant communities.

Results

Current vegetation dynamics

at the timberline ecotone

The current subalpine and alpine surface of Geo montani-
Nardetum are given in percent of the surface of both slopes of
the Lauterbrunnen valley until Stechelberg (region of Miirren,
region of Wengernalp). Results showed for both sites a high
density of Geo montani-Nardetum (53 %) invaded by Calluna
vulgaris, 17 % non-disturbed, and 30 % overgrazed areas. Over-
grazed pastures of the Geo montani-Nardetum were more fre-
quent in the region of Wengernalp (33 %) than in the region of
Mirren (27 %). In contrast, the density of non-disturbed Geo
montani-Nardetum, with high presence of character species,
was higher (20 %) in the region of Miirren than in the Wengern-
alp region (13 %). The same was true for the Alnetum viridis
and the Rhododendro-Vaccinion dwarf shrub heath, where dis-
turbed surfaces were more frequent in the region of Wengernalp
(60 %) than in the region of Miirren (40 %).

Changes in vegetation dynamics

at the timberline ecotone

Alpenrose dwarfshrubheathshowed major changesinthe tim-
berline ecotone among allrecorded vegetation mapping units (Fig.
2 and 4). Although Rhododendron ferrugineum showed the greatest
altitudinal increase, 30 m at Wengernalp (Table 1), it decreased
in surface area, on average by 40 %, in all studied regions (Fig. 4).
Changes in the surface of subalpine spruce forest and Geo mon-
tani-Nardetum were smaller. Single spruce groups showed the
largest increases, particularly in the study region of Miirren with
an increase in single spruce groups from 16 to 30 (47 %) (Fig. 3
and 4). In all recorded vegetation mapping units the changes in
area between 1920 and 2005 were not significant (Fig. 4).

At all sites, the upper limit of the subalpine spruce forest in
2005 was at a higher elevation than recorded in 1920 by Liidi
(Fig. 2). Only the north-facing slope at Dorrenhubel showed a
similar altitudinal position of the timberline. The largest shift
of the timberline (35 m) was found at Allmihubel-Hartwange
(Table 1). Like the timberline, the tree limit increased in eleva-
tion at all sites between 1920 and 2005, except for the south-fac-
ing slope of Steineggwald where recorded values were similar to
those measured in 1920. The largest changes in elevation were
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Fig. 2: Changes in the elevation of
the upper forest limit, the tree limit,
and the dwarf shrub limit between
1920 and 2005 in the study area
(Miirren, Wengernalp, Ménnlichen).
The bar height displays the eleva-
tion in m (+/- 2 se). The significance
of the change was tested with a
pairwise comparison (t-test).

Abb. 2: Verdnderung der Wald-
grenze, der Baumgrenze und der
Obergrenze der Zwergstrauchheide
im Untersuchungsgebiet (Miirren,
Wengernalp, Mannlichen) zwischen
1920 und 2005.

Die Balkenhdhe zeigt die Hohe in m
(+/- 2 se). Die Signifikanz der
Anderung wurde mit einem paar-
weise Vergleich (T-Test) gepriift.
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elevation
[ma.s.l]
2200 i
2100 S
2000
1900 I
1800 year
1920 2005 1920 2005 1920 2005
forest limit tree limit dwarf shrub limit

m=1898 m=1914
se=20 se=19
n=13
significant difference
p =0.000 < 0.05

m=1986 m=2017
se=25 se=28
n=9
significant difference
p=0.011<0.05

m=2110 m=2129
se=25 se=27
n=y4
significant difference
p =0.031<0.05

found at Mannlichen below Tschuggen (+90 m) and Mannlichen
below the hotel (+ 56 m), at Steineggwald (+42 m) and Miir-
renbach-Blumental (+39 m) (Fig. 5; Table 1). In contrast to the
data for the area of recorded vegetation mapping units, changes
in the elevational limit for forest, tree and Alpenrose dwarf
shrub heath between 1920 and 2005 were significant (Fig. 2
and 4).

Discussion

This study has shown the value of Liidi’s work for studies in
vegetation dynamics and for understanding whether changes at
the timberline ecotone can be attributed to land use or climate
warming.

During the past 85 years, the timberline of the Lauterbrun-
nen valley has been partly influenced by anthropo-zoological
practices. However, these influences are not as severe as ex-
pected, because the Federal Office of Nature introduced con-
servation measures in 1947, such as the support of sustaina-
ble managed land use at Alp Untersteinberg at the rear of the
Lauterbrunnen valley, which have helped to maintain areas of
non-disturbed vegetation (GRAF 1989). Our results showed that
the effect of overgrazing was more pronounced in the region
of Wengernalp than in the region of Miirren. This is probably
because Wengen has larger areas of suitable land for agriculture
and is more easily accessible (GRAF 1989). Human impact in the
Lauterbrunnen valley is noticeable, mainly in the relevés of the
Geo montani-Nardetum. Because of overgrazing, several sur-
faces have become impoverished due to soil exhaustion (LUDI
1948; HEGG 1984 a, b; HEGG et al. 1992; SPIELBERGER et al. 2006).
In addition, mechanical effects, such as trampling caused either
by cattle or browsing livestock, but also selective feeding, for
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Table 1: Changes in the positions of forest, tree and dwarf shrub limits. Comparison between LUDI (1921) and our
own records of 2005. The largest changes are marked in bold.

Tabelle 1: Verschiebung der Wald-, Baum- und Zwergstrauchheidengrenze. Vergleich zwischen LtpI (1921) und
unseren eigenen Aufzeichnungen von 2005. Die grossten Anderungen sind fett gekennzeichnet.

Forest limit

difference
1920 2005 1920-2005
location exposure (ma.s.l) (ma.s.l) (ma.s.l)
right valley side of Stechelberg
Grindegg near Wengen S & SW 2020 2030 + 10
Grindegg near Wengen N 1830 1850 + 20
Mainnlichen below Hotel \ 2030 2035 +5
Mainnlichen below Tschuggen W 1850 1880 + 30
Girmschbiel N 1820 1850 + 30
Girmschbiel S 1895 1913 +18
Steineggwald S 1950 1965 + 15
left valley side of Stechelberg
Pletschenalp E 1900 1923 + 23
Pletschenalp SE 1920 1925 +5
Dorrenhubel N 1830 1830 0
Dorrenhubel S 1895 1896 +1
Allmihubel-Hartwange E 1920 1955 + 35
Miirrenbach-Blumental E 1810 1826 +16
Tree limit
difference
1920 2005 1920-2005
location exposure (ma.s.l) (ma.s.l) (m a.s.l.)
right valley side of Stechelberg
Grindegg near Wengen S & SW 2020 2030 + 10
Grindegg near Wengen N 1910 1923 +13
Minnlichen below Hotel w 2080 2136 +56
Mainnlichen below Tschuggen 4 2030 2120 + 90
Steineggwald N 1920 1962 + 42
Steineggwald S 2000 2000 0
left valley side of Stechelberg
Pletschenalp SE 1990 2001 + 11
Allmihubel-Hartwange SE 2060 2080 + 20
Miirrenbach-Blumental E 1860 1899 +39
Dwarf shrub limit
difference
1920 2005 1920-2005
location exposure (ma.s.l) (ma.s.l) (m a.s.l.)
right valley side until Stechelberg
Mainnlichen below Hotel Y 2050 2070 + 20
Wengernalp S & SE 2170 2200 + 30
left valley side until Stechelberg
Pletschenalp E 2100 2120 + 20
Allmihubel-Hartwange NE & SE 2120 2126 +6
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Fig. 3: Map of the region of A Miirren showing survey
results for subalpine Norway spruce forest (spotted
and checkered), Rhododendron ferrugineum (horizon-
tally and vertically striped) and single trees of spruce
(triangle and tree symbol) for 1920 (left, LUDI 1921) and

2005 (right, STRAHL 2006).

1920
Subalpine spruce forest
Subalpiner Fichtenwald

1920
Alpenrose dwarf shrub heath
Alpenrosen-Zwergstrauch-
heide

A 1920
Single spruce
Einzelfichte

o 500 M 1km
1

‘ BAUHINIA 27 /2018 S. C. Surdhl & C. A.

Burga

1920 & 2005

Geo montani-Nardetum

grassland / Geo montani-
Nardetum-Weide

The occurrence of green alder has
been mapped separately. / Das Vor-
kommen der Griinerle ist getrennt kar-
tographisch dargestellt worden.

P

Abb. 3: Karte des Gebiets A Miirren. Subalpiner
Fichtenwald (gepunktet und kariert), Rhododendron
ferrugineum (waagrecht und senkrecht gestreift) und
Einzelfichten (Dreiecke und Baumsymbole).

Links: 1920 (LUDI1921). Rechts: 2005 (STRAHL 2006).

2005
Subalpine spruce forest
Subalpiner Fichtenwald

2005
Alpenrose dwarf shrub heath
Alpenrosen-Zwergstrauchheide

2005
Single spruce
Einzelfichten

Source/Quelle: Amt fiir Geoinformation (Bau-, Verkehrs- und Energiedirektion des Kantons Bern). Digitaler Ubersichtsplan
des Kantons Bern 1:10 000 zum Ausschnitt Grid 634 000/156 750 bis 635 450/ 159 450. Genetisch-dynamische Vegetations-

karte von LUDI (1921).
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example avoiding Nardus stricta, which has low nutrient values
and is avoided as a pasture weed, account for a similar effect of
overgrazing (HEGG et al. 1993). Important plant species, mainly
orchids like Gymnadenia conopsea, Nigritella rhellicani and Pseud-
orchis albida that grow on non-disturbed Geo montani-Nardeum,
are missing in overused areas, whereas undemanding trivial
vegetation with plant species of rich meadow communities
like Poa alpina and Deschampsia cespitosa become dominant. The
Geo montani-Nardetum surveyed in the Lauterbrunnen valley
therefore harboured, beside the common plant species Arnica
montana, Geum montanum and Nardus stricta, a high number of
rich meadow plant species like Leontodon helveticus. In most cases,
a transition of a poor Geo montani-Nardetum to a Poion alpi-
nae can be recorded. Also HEGG (1984 a, b) studied the effect
of fertilization on Geo montani-Nardetum surfaces located on
the Schynige Platte near Interlaken and re-sampled sites that
Liidi sampled from 1931 to 1942 and 1946 to 1954 on the same
plots. HEGG (1984 a, b) showed that natural ecosystems recover
slowly after interventions and the effects of manuring were still
noticeable, even more than 25 years after the last fertilization
of the test surfaces took place. According to the three defined
categories of surveyed Geo montani-Nardetum, results show
that non-disturbed areas of Geo montani-Nardetum affected
by hay crop are less frequent (17 % of the investigated surface)
in the Lauterbrunnen valley than impoverished areas affected
by overgrazing (30 % of the investigated surface). Most plots
(53 %) show a dominance of Geo montani-Nardetum, invaded
by Calluna vulgaris. Invasion of dwarf shrub heath into subalpine
grassland has caused heath-formation on abandoned pastures at
the timberline ecotone between 1800 and 2200 m a.s.l. The den-
sity of dwarf shrub heath increases as soon as pasture activity is
reduced. Also single Norway spruces are connected to pasture
activity and their number increases mainly in areas where pas-
ture activity is reduced (BISCHOF 1984). The greatest changes in
the coverage of single Norway spruce trees occurred in the study
area of Miirren (Fig. 3). Between 1920 and 2005, however, the
area of Rhododendron ferrugineum dwarf shrub communities de-
creased and became fragmented (Fig. 3). This was probably due
to overgrazing as well as ski tourism, as skiing causes damage
that can kill Alpenrose. The same applies to other dwarf shrubs
like Vaccinium gaultherioides or Loiseleuria procumbens. In addition,
the fertilization effect of artificial snow may have had a greater
impact, because of higher input of water and harmful additives
(RIXEN et al. 2003).

An anthropo-zoological impact was evidenced by the in-
vaders into the dwarf shrub heath. Overgrazing in the herb
layer of dwarf shrub heath contributes to the development of
richly manured alpine pasture (Rumicetum alpini), which is
dominated by Rumex alpinus or Senecio alpinus. At the same time
overgrazing contributes to an increase in density of Nardus stricta
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Fig. 4: Changes in the cover of Norway
spruce forest, dwarf shrub heath, Geo
montani-Nardetum, and single spruce
forest trees between 1920 and 2005.
The bar height displays the area in km?
(+/- 2 se), for single spruce forest trees
the number of trees. The significance
of change was tested with a pairwise
comparison (t-test).

Abb. 4: Fldchenverdnderung zwischen
1920 und 2005 des subalpinen Fichten-
waldes, der subalpinen Zwergstrauch-
heide und des Geo montani-Nardetum
sowie einzeln stehenden Fichten. Die
Balkenhdohe zeigt die Ausdehnung in
kmz (+/- 2 se), bei Einzelfichten die
Stiickzahlen. Die Signifikanz der An-
derung wurde mit einem paarweise
Vergleich (T-Test) gepriift.
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(HEGG et al. 1993). The Alnetum viridis showed a large invasion
of Rumex alpestris species in the herb layer, growing together
with Nardus stricta. In large areas in the Alps, studies showed
that the invasion of Alnus viridis into areas that were formerly
pastured contributed to high input of reactive nitrogen release,
which reduced biodiversity and constrained forest succession
(BUHLMANN et al. 2014). This was, however, not observed in the
Lauterbrunnen valley.

Less pronounced are the effects on a probable response of
the vegetation to global warming. We found a significant in-
crease in the elevation of the upper limits of Norway spruce for-
est, tree occurrence and dwarf shrub heath between 1920 and
2005, although the surface area of spruce forest and Alpenrose
dwarf shrub heath was reduced. We found a tendency of a ver-
tical migration of the potential limit of the timberline by 30 to
50 m between 1920 and 2005 (Fig. 4; Table 1). This tendency to
an altitudinal increase in the forest and tree limit is consistent
with the expected influence of global warming. For example,
the decadal increase of 0.9°C in mean air temperature record-
ed by the climate stations of Jungfraujoch (3580 m a.s.l.) and
Meiringen (595m a.s.l.), both near the Lauterbrunnen valley,
indicate the influence of global warming over the past 100 years
(FEDERAL INSTITUTE FOR METEOROLOGY 2011). This observation is
also supported by the observed changes in the number of single
spruce groups. The largest increases of single spruce groups were
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Fig. 5: Map of the region of C
Ménnlichen showing survey results
for the subalpine Norway spruce
forest (spotted and checkered),
Rhododendron ferrugineum (hori-
zontally and vertically striped) and
the number of single trees of spruce
(triangle and tree symbol).

Top: 1920 (LUDI1921).

Below: 2005 (STRAHL 2006).

Key to symbols: see Fig. 3.

Abb. 5: Karte des Gebiets € M&nn-
lichen. Subalpiner Fichtenwald
(gepunktet und kariert), Rhododen-
dron ferrugineum (waagrecht und
senkrecht gestreift) und Einzelfich-
ten (Dreiecke und Baumsymbole).
Oben: 1920 (LUDI1921).

Unten: 2005 (STRAHL 2006).
Symbole siehe Abb. 3.
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found in the region of Mannlichen (Fig. 5). This is probably due
to its topography, since the steep and isolated slope sites are not
easily accessible and therefore less favorable for pasture activity.

The design of this particular study, however, has not al-
lowed us to conclusively determine which of these processes
predominantly drove changes at the alpine timberline between
1920 and 2005 and therefore the above interpretation of results
remain assumptions. Moreover, Liidi’s data identifies his sam-
ple sites by location name, recorded altitude, and exposure, but
gives neither exact coordinates nor plot sizes. Hence, the val-
ues provided by historical mappings might not allow exactly the
same sites to be re-inventoried and may not provide a similarly
accurate comparison between old and new vegetation records
as when the exact GPS-position in the field is known. Neverthe-
less, our results reveal tendencies in the dynamics within the
timberline ecotone related to impacts of possible climate warm-
ing and/or land-use changes. In agreement with similar analysis
(GEHRIG-FASEL et al. 2007), most areas were influenced by an-
thropo-zoogenic land-use practices and few areas showed signs
consistent with a direct impact of climate warming. We draw
this conclusion from the observation that the majority of plotted
Geo montani-Nardetum surfaces show a heath facies, which is
caused mainly by a Calluna vulgaris invasion and therefore evi-
dences a response to a reduction in pasture activity rather than
to climate warming.
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