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5.1 Introduction

The upper timberline is one of the most fascinating vegetation boundaries
in the Alps (Reisigl and Keller 1989) and in the mountain ecosystems of
the world in general. Depending on the environmental conditions such as
climate (oceanic External Alps vs. continental Inner Alps) or geology
(limestone vs. silicate), different woody species may occur at the upper
timberline in the European Alps. The boreal conifers Picea abies, Larix
decidua, Pinus cembra, Pinus uncinata, and Pinus mugo are highly frost
resistant (resistance down to —70 °C, Sakai and Larcher 1987; see also
Chap. 10), thus they are the most widespread alpine timberline species.
Other conifers such as Abies alba, Pinus sylvestris and deciduous trees
such as Fagus sylvatica and Acer pseudoplatanus with lower frost resis-
tance can reach the timberline only in the oceanically influenced Externul
Alps where milder winter climate predominates. Among the shrubs few
deciduous species reach the high-altitudinal coniferous forests: Sorbus «u-
cuparia, Sorbus chamaemespilus, Lonicera coerulea. In addition, Berulu
pendula and Populus tremula occur as pioneer species up to the limit of
the forests. The shrub Alnus alnobetula (syn. A. viridis) pre-dominates the
azonal vegetation on slopes along running water or in avalanche paths. or
forms secondary communities on abandoned moist pastures at the timber-
line.
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5.2 Growth forms at the timberline

The forests close to the timberline have a lower canopy density and the
trees grow to a smaller height. A considerable change of the growth form
is significant with increasing altitude (see Chap. 1). Conifers show already
in the high-montane belt a typical columnar form with acute crowns. Steep
slopes, snow pressure and wind are responsible for stem deformations
causing sabre (bow) or harp forms, flags, scrubs or knee forms (Schonen-
berger 1981; Holtmeier 2003). Most tree species spread their branches
down to the ground (e.g. Fagus sylvatica, Fanta 1981). Timber atolls (=
tree groups, Tranquillini 1979) formed by Picea abies or Larix decidua are
characteristic for the timberline ecotone. According to Kuoch and Amiet
(1970) such atolls are a special form of vegetative propagation by layering.
On branches covered by litter and humus adventitious roots are formed and
the distal part of the branches becomes an erect tree.

5.3 Plant communities at the timberline

A natural timberline can be observed only in very few places of the Alps
(Mayer 1974; Tranguillini 1979; Ellenberg 1996). Pinus cembra, for in-
stance, is able to build a closed forest up to the limit of tree growth, form-
ing a sharp timberline (Tranquillini 1979). In general, however, due to an-
thropogenic impacts a scattered timberline with a broad transition zone
(“Kampfzone™; cf. Chap. 1) can be found above the closed forest, forming
a mosaic of forest-, dwarf shrub heath- and grassland patches. Palynologi-
cal records confirm the anthropogenic impact for thousands of years (Bort-
enschlager 1993). Burning of high-altitude forests has been recorded al-
ready since the neolithic period (Patzelt et al. 1997) and then - more
enhanced - since the bronze-age (Neuwinger 1970; Patzelt et al. 1997, see
also Chap. 3).

Due to massive impacts and clearings during the middle age, the timber-
line was lowered by 200-400 m (Friedel 1967; Breitenmoser 1998). Today,
several anthropo-zoogenic communities extend on the potential forest sites
at the timberline (communities of the classes Loiseleurio-Vaccinietea,
Molinio-Arrhenatheretea, Caricetea curvulae, Seslerietea variae) forming a
mosaic of forest relicts with open grassland patches and dwarf shrubs. Re-
cently, land abandonment and changes in agroforestry have caused a sig-
nificant change below and at the timberline zone, thus the area of forests
has been increasing during the last decades and extending on formerly de-
forested sites (Briindli 2000; Bitzing 2003). However, the secondary suc-
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cession towards a forest seems to depend highly on the type of the an-
thropo-zoogenic community. In the Swiss National Park for instance, suc-
cession models predict 515 to 630 years for tall-herb communities to be
replaced by pine forests (Schiitz et al. 2000). In general, forest regenera-
tion seems to fail on areas where a forest would be highly desired for pro-
tection against avalanches, land slides and erosion (Bétzing 2003).

In the following the most important plant communities at the timberline
will be described.

5.3.1 Spruce forests (Picea abies communities)

Among the forest communities occurring up to the timberline the so-called
“subalpine” spruce forests are the most widespread ones. They are less
dense compared to montane spruce forests and the trees are typically co-
lumnar with acute crown forms. At the timberline Picea is generally in-
termingled with Pinus uncinata (W-Alps) or Pinus mugo (E-Alps), both
species colonizing the shallow rocky sites (Ozenda 1988).

Subalpine spruce forests are widely distributed in the Inner and Inter-
mediate Alps, occurring at 1600 - 1900 m a.s.l.. In the External Alps they
occur up to 1800 m a.s.l. In the northern External Alps subalpine Picea
abies forests are common from Dauphiné to the eastern end of the Alps. In
the southern External Alps they become increasingly rare in the W, e.g. in
Switzerland (Ott et al. 1997). In the SW-Alps Picea abies is largely miss-
ing.

More or less similar subalpine spruce forest types were described in the
E-and W-Alps (Wallndfer 1993a; Ott et al. 1997; Ewald 1999). Subalpine
spruce forests on silicate (Homogyno-Piceetum, Larici-Piceetum) are
widespread, e.g. in the central chains of the E-Alps, in the Swiss National
Park, Tarentaise, Alps de Savoie and relictic also in the French S-Alps
(Mayer 1986). Pinus cembra and Larix decidua can be present in the tree
layer. The understorey is rich in mosses, dwarf shrubs (Vaccinium myrtil-
lus) and grasses (Calamagrostis villosay).

On moist, nutrient-rich soils in shadowy locations spruce forests with
tall forbs (Adenostylo alliariae-Piceetum) are characteristically developed
in the subalpine belt. They occur both in the E- and W-Alps (Ellenberg and
Klotzli 1972; Zukrigl 1973; Frey 1995).

On substrates rich in carbonate a distinct species-rich type can be found
(Adenostylo glabrae-Piceetum, Calamagrostio variae-Piceetum, Wallnéfer
1993a; Ott et al. 1997). Larix decidua occurs regularly in the tree layer,
occasionally also Acer pseudoplatanus and Abies alba. In the Julic Alps
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the understorey of this forest type is enriched by illyric elements (Mayer
1986). )

On dry, shallow limestone and dolomite slopes an open spruce forest
type with Acer pseudoplatanus, Sorbus aria and S. aucuparia is typical for
the Northern Calcareous Alps (Carici albae-Piceetum, Wallntfer 1993a)

and in the Swiss Alps (Polygalo chamaebuxi-Piceetum, Ott et al. 1997),

5.3.2 Fir forests (Abies alba communities)

In general the main distribution of Abies alba lies in the montane belt of
the External and Intermediate Alps, while it occurs only sporadically in
subalpine forests. An exception are subalpine fir forests in the southern W-
Alps where Picea abies is rare or absent (Mercantour, Argentera, Liguric
Alps, Alps of Ticino). The community called Rhododendro ferruginei-
Abietetum can be found on north-facing slopes on siliceous bedrock at
1550 - 1900 m a.s.]. (Kuoch 1954; Barbero et al. 1970; Ott et al. 1997). It
is characterized by a high frequency of Larix decidua in the tree layer and
by Rhododendron ferrugineum in the understorey. The Rhododendro-
Abietetum is often situated in close contact with subalpine larch forests
(Kuoch and Amiet 1970).

5.3.3 Larch-Swiss stone pine forests (Larix decidua-Pinus
cembra communities)

In the Inner Alps and partly also in the Intermediate Alps a Larici-Pinetum
cembrae forms an upper subalpine forest belt between subalpine spruce
forests and the timberline. In addition in some parts of the northern Exter-
nal Alps spatially limited Pinus cembra forests exist (Ott et al. 1997;
Walentowski et al. 2004). In the French W-Alps (Dauphiné) the Larici-
Pinetum cembrae reaches 2500 m a.s.l,, in the Swiss Alps 2400 m, in the
central chains of the E-Alps 2300 m, in eastern chains 2000 m a.s.l. In pro-
tected niches Pinus cembra is able to grow also up to 2700 m a.s.l. (Mon-
viso-area, Italy, Hofmann 1970).

The most widespread larch-Swiss stone pine community is the Larici-
Pinetum cembrae on siliceous soils. Larch may be completely absent,
whereas spruce may occur sporadically. The understorey is rather similar
to that of subalpine spruce forest on silicate: either rich in mosses and
grasses (Avenella flexuosa, Calamagrostis villosa, Luzula spp.) or domi-
nated by dwarf shrubs (Vaccinium spp., Juniperus communis ssp. alpina).
Anthropo-zoogenically influenced forests show openings and they are
dominated by Rhododendron ferrugineum or Calamagrostis villosa.
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On south-facing rocky slopes on silicate in the W-Alps a xerophilous
type of the Larici-Pinetum cembrae with Juniperus communis ssp. alpina,
Cotoneaster integerrimus and Arctostaphylos wva-ursi was described
(Cotoneastro-Pinetum cembrae; Béguin and Theurillat 1982; Ozenda
1988).

On calcareous bedrock (e.g. Calcareous Alps of Salzburg, Dolomites)
another type of the Larici-Pinetum cembrae with high frequency of larch
can be found (Mayer 1974; Oberdorfer 1992). Sorbus chamaemespilus and
Lonicera coerulea form the shrub layer. All the three Rhododendron spe-
cies (Rh. hirsutum, Rh. ferrugineum, Rh. intermedium) may be present.
Also tall forbs (eventually on moist slopes even Alnus alnobetula) or Pinus
mugo, Rhodothamnus chamaecistus may appear.

A xerophilous type on carbonate with Erica carnea and Sesleria albi-
cans in the understorey was described in the Italian Alps (Odasso 2002)
and in the Swiss Alps (Frehner et al. 2005).

5.3.4 Larch forests (Larix decidua communities)

Larix decidua i8 frequently encountered in various subalpine forest com-
munities, such as the Larici-Pinetum cembrae (Mayer 1962). 1t often oc-
curs as a pioneer species. Beyond the distribution area of Pinus cembra
pure larch forests are predominating in the subalpine belt of the SW-Alps
(Barbero et al. 1970; Ozenda 1988). A frequent though partly anthropo-
genic community is the Junipero-Laricetum. It is an open forest on sunny
and dry siliceous slopes with Juniperus communis ssp. alpina, Vaccinium
myrtillus, Calamagrostis villosa in the understorey (Frehner et al. 2005).

In other parts of the Alps less extensive larch communities mostly on
rocky substrate or on bolder were described. In the NE- and SE-Alps on
limestone and dolomite larch forests dominated by Rhododendron hirsu-
tum and/or Rhodothamnus chamaecistus were recorded (Zukrigl 1973).

On shallow south-exposed slopes on silicate the Junipero sabinae-
Laricetum occurs in the Austrian Inner Alps (with Juniperus sabina, J.
communis ssp. alpina, Calamagrostis varia; Wallnofer 1993b).

A subalpine Adenostylo alliariae-Laricetum rich in tall forbs can be
found in the Inner Alps of Switzerland (Ott et al. 1997).

5.3.5 Pinus uncinata forests

In the W-Alps Pinus uncinata forests substitute the subalpine Picea abies
communities and the Larici-Pinetum cembrae on extremely shallow soils on
calcareous and dolomitic sites, less frequently on silicate. The distribution
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area of Pinus uncinata extends from the Sea Alps to the Fernpass and
Ofenpass, respectively. It is a low-demanding species regarding the supply
of nutrients and water (Kuoch and Schweingruber 1975). Pinus uncinata
forests can be found both in the external mountain ranges and in the inner
mountain chains (Schweingruber 1972; Ozenda 1988; Frey 1995). In the
Swiss National Park (Graubiinden) Pinus uncinata forests are covering
large areas (Braun-Blanquet et al. 1954). In part they can be considered as
a pioneer stage after clearings (Mayer 1974).

Frequently, Pinus uncinata can be found in close contact with subalpine
spruce forest forming an environmental catena from shallow nutrient-poor
soils to well developed soils where spruce predominates. Similar to the
Pinus mugo scrubs, the description of the communities results according to
the dominance of different dwarf shrubs — Erica carnea, Rhododendron
hirsutum and Rh. ferrugineum, Juniperus communis ssp. alpina and Arc-
tostaphylos uva-ursi (for instance Erico carneae-Pinetum uncinatae, Mayer
1986). Badly-growing spruce and larch can be mixed in. In the Swiss Na-
tional Park, Pinus uncinata is intermingled with Pinus sylvestris ssp. en-
gadinensis.

5.3.6 Prostrate pine scrub (Pinus mugo communities)

The main distribution area of Pinus mugo lies in the E-Alps. There, in the
External Alps, the Intermediate Alps and on extreme sites of the Inner
Alps it covers wide areas between 1800 and 2200 m a.s.l. (Wagner 1985).
In avalanche paths and on boulder scree the species can reach down to the
montane belt. In the W-Alps Pinus mugo occurs extremely rarely (Barbero
et al, 1970; Ozenda 1988).

High floristic similarities to the Pinus uncinata communities can be ob-
served (Mayer 1974; Wallnofer 1993c). From shadowy, steep slopes on
limestone or dolomite a Rhodothamno-Rhododendretum hirsuti was de-
scribed with Pinus mugo, Rhodothamnus chamaecistus, Rhododendron
hirsutum, Sorbus chamaemespilus and Dryas octopetala. The Erico
carneae-Pinetum prostratae characterizes south-exposed scree areas. In this
community species of the alpine grasslands are already present in the un-
derstorey together with the dwarf shrubs Daphne striata and Juniperus
communis ssp. alpina.

On silicate stands mainly of the Inner and Intermediate Alps species-
poor Pinus mugo communities appear on shallow rocky sites or on bolder
scree. Here, Rhododendron ferrugineum, Vaccinium spp. and Juniperus
communis ssp. alpina are the typical companion species.
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5.3.7 Sycamore-beech forest (Acer pseudoplatanus-Fagus
sylvatica communities)

Upper montane and subalpine sycamore-beech forests occur mainly in
oceanic mountain chains characterised by high precipitation, thus in the
northern and southern External Alps with main distribution in the NW-
Alps (Kuoch 1954; Ott et al. 1997) and in Swiss Jura (Moor 1952). The
community was described as Aceri-Fagetum and Saxifrago rotundifoliae-
Fagetum (Willner 2002). Typical sites are steep slopes, furrows and boul-
der scree. Apart from Acer pseudoplatanus and Fagus sylvatica, also Ul-
mus glabra, Picea abies and rarely also Abies alba occur in the tree layey.
According to the high air humidity of these stands the stems are covered
abundantly by lichens (Reisigl and Keller 1989). On steep slopes snow
pressure provokes a pronounced sabre (bow) form of the stems. Contorted
and stunted growth can also be observed on sites near the timberline (Fanta
1981). Sorbus aucuparia, Lonicera alpigena, L. nigra, Ribes alpinum,
Rosa pendulina are found in the shrub layer. In the S-Alps, for instance on
the Monte Baldo, Laburnum alpinum and L. anagyroides are characteristic
shrub species. Tall forbs dominate in the species-rich understorey.

5.3.8 Green alder and willow scrub

Due to the higher precipitations in the External and Intermediate Alps Al-
nus alnobetula (syn. A. viridis) is able to colonize moist stands in steep
avalanche paths, along running water and small brooks at the timberline
ecotone. In steep furrows Alnus alnobetula descends to the montane belt.
The community Alnetum viridis is generally located on deep, moist and
nutrient-rich soils (Oberdorfer 1978; Karner and Mucina 1993). These
conditions are favourable for an abundant tall forb occurrence.

Along the streams tall willow communities may be developed nearly up
to the timberline ecotone (Salix pentandra, S. myrsinifolia, S. appendicu-
lata). Willow scrubs with low height extend from the timberline ecotone
up to the lower alpine belt especially on north-exposed bolder scree slopes
(Salix waldsteiniana, S. caesia, S. foetida) or on moraines (Salix glaucos-
ericea, S. helvetica, S. hastata, S. breviserrata, Grabherr and Mucina
1993).

5.3.9 Dwarf shrub heath

On siliceous soils dwarf shrub heaths form a close mosaic with the rem-
nant forest at the timberline ecotone (Schweingruber 1972). They belong
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to the class Loiseleurio-Vaccinietea (Grabherr 1993a). The small scale dis-
tribution of the dwarf shrub species depends on snow cover during winter
and wind exposure, respectively. Rhododendron ferrugineum occupies the
depression sites, Vaccinium myrtillus, V. vitis-idaea, Arctostaphylos uva-
ursi, Juniperus communis ssp. alpina grow on more exposed slopes, Vac-
cinium gaultherioides, Empetrum hermaphroditum towards the wind-
swept sites and on the extremely exposed stands a lichen heath with Loise-
leuria procumbens (Creeping Azalea wind heath or chamois heath carpet,
Ellenberg 1988) predominates.

5.3.10 Substitutional communities due to human landuse at the
timberline

For hundreds of years the timberline ecotone has been influenced by hu-
man activities and regular landuse maintained more or less treeless zones.
Extended species-rich substitutional communities can be found, i.e. dwarf
shrub heaths with 30-40 vascular plant species or subalpine meadows and
pastures showing up to 60 species (Ozenda and Borel 2003). Communities
of the class Loiseleurio-Vaccinietea are among the most obvious ones. As
secondary invaders after abandonment of the traditional landuse since the
1950s, these communities expanded also onto the meadows and pastures in
the timberline ecotone. Especially the Rhododendron ferrugineum-heath
spreaded all over the siliceous Inner Alps and indicates areas which have
been forest in former times (Liidi 1921). Dry slopes with high amounts of
sunshine are secondarily colonized by a Junipero-Arctostaphyletum with
Calluna vulgaris, Juniperus communis ssp. alpina, Vaccinium spp. and
Arctostaphylos uva-ursi (Braun-Blanquet et al. 1954; Grabherr 1993a).
The main grassland communities in the potential forest area are those
dominated by Nardus stricta (for instance the Sieversio-Nardetum strictae;
Peppler-Lisbach and Petersen 2001). In the Nardus stricta grasslands ele-
ments from different communities co-dominate (i.e. species typical for
Vaccinio-Piceetea, Mulgedio-Aconitetea, Molinio-Arrhenatheretea, Cari-
cion curvulae). Vegetation mosaics of grassland patches, dwarf shrub
heaths and forest patches or single trees are characteristic for most timber-
line sites in the Alps. Species of the alpine belt may be already present.
Numerous grassland communities (mainly dominated by Festuca spp.)
have been described from the transition zone between timberline and al-
pine belt (Grabherr 1993b). One of the most frequently occurring farmed
grassland types in the timberline ecotone is the Crepido-Festucetum com-
mutatae (Ellmauer and Mucina 1993). It can be found as herb-rich pasture
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or extensively mown hay meadow and is characterized by a mixture of
lowland, montane and alpine grassland species.

References

Barbero G, Bono G, Ozenda P (1970) Confronto tra la vegetazione del versante
settentrionale ¢ quello meridionale delle Alpi Marittime e Liguri in rapporto ai
fattori ecologici. Mitteilungen der Ostalpin-Dinarischen Gesellschaft fiir Ve-
getationskunde 11: 13-18

Bitzing W (2003) Die Alpen. Geschichte und Zukunft einer europiischen Kultur-
landschaft. Verlag C.H. Beck, Miinchen

Béguin C, Theurillat J-P (1982) La forét thermophile d’arolles. Candollea 37: 349-
379

Bortenschlager S (1993) Das hochst gelegene Moor der Ostalpen ,Moor am Ro-
fenberg” 2760 m. Dissertationes Botanicae 196: 329-334

Briindli U-B (2000) Waldzunahme in der Schweiz — gestern und morgen. Informa-
tionsblatt Forschungsbereich Landschaft, Eidgendssiche Forschungsansalt
WSL, Birmensdorf 45: 1-4

Braun-Blanquet J, Pallmann H, Bach R (1954) Pflanzensoziologische und boden-
kundliche Untersuchungen im schweizerischen Nationalpark und seinen
Nachbargebieten. II. Vegetation und B&den der Wald- und Zwergstrauchge-
sellschaften (Vaccinio-Piceetalia). Ergebnisse der wissenschaftlichen Unter-
suchungen des Schweizer Nationalparks, Nationalpark-Forschung 4

Breitenmoser U (1998) Large predators in the Alps: the fall and rise of man’s
competitor. Biological Conservation 83: 279-289

Del Favero R, Poldini L, Bortoli PL, Lasen C, Dreossi G, Vanone G (1998) La
vegetazione forestale e la selvicoltura nella regione Friuli-Venezia Giulia, 2nd
vol. Regione Autonoma Friuli-Venezia Giulia, Udine

Ellenberg H (1988) Vegetation ecology of central Europe, 4th edn. Cambridge
University Press, Cambridge, New York, New Rochelle, Melbourne, Sydney

Ellenberg H (1996) Vegetation Mitteleuropas mit den Alpen in tkologischer, dy-
namischer und historischer Sicht. Verlag Eugen Ulmer, Stuttgart

Ellenberg H, Klétzli F (1972) Waldgesellschaften und Waldstandorte der
Schweiz. Mittteilungen der Schweizerischen Anstalt fiir das Forstliche Ver-
suchswesen Ziirich 48: 589-930

Ellmauer T, Mucina L (1993) Molinio-Arrhenatheretea, In: Mucina L, Grabherr
G, Ellmavuer T (eds) Die Pflanzengesellschaften Osterreichs. Teil 1. Anthropo-
gene Vegetation, Fischer, Jena, Stuttgart, New York, pp 297-401

Ewald J (1999) Soziologie und Standortsbindung subalpiner Fichtenwilder in den
Bayerischen Alpen. Tuexenia 19: 107-125

Fanta J (1981) Fagus silvatica L. und das Aceri-Fagetum an der alpinen Wald-
grenze in mitteleuropéischen Gebirgen. Vegetatio 44: 13-24



76  Brigitta Erschbamer and Susanne Wallnofer

Frehner M, Wasser B, Schwitter R (2005) Nachhaltigkeit und Erfolgskontrolle im
Schutzwald. Wegleitung fiir Pflegemassnahmen in Willder mit Schutzfunk-
tion, Vollzug Umwelt. Bundesamt fiir Umwelt, Wald und Landschaft, Bern

Friedel H (1967) Verlanf der alpinen Waldgrenze im Rahmen anliegender Ge-
birgsgelinde. Mitteilungen der Forstlichen Bundesversuchsanstalt Wien 75:
81-172

Frey H-U (1995) Waldgesellschaften und Waldstandorte im St. Galler Berggebiet.
Verdffentlichungen Geobotanisches Institut ETH Stiftung Riibel, Ziirich, 126
a+b

Grabherr G (1993a) Loiseleurio-Vaccinietea. In: Grabherr G, Mucina L (eds.) Die
Pflanzengesellschaften Osterreichs. Teil II. Natiirliche waldfreie Vegetation.
Fischer, Jena, Stuttgart, New York, pp 447-467

Grabherr G (1993b) Caricetea curvulae. In: Grabherr G, Mucina L (eds) Die
Pflanzengesellschaften Osterreichs. Teil II. Natiirliche waldfreie Vegetation,
Fischer, Jena, Stuttgart, New York, pp 343-372 .

Grabherr G, Mucina L (1993) Die Pflanzengesellschaften Osterreichs. Teil II. Na-
tiirliche waldfreie Vegetation. Fischer, Jena, Stuttgart, New York

Hofmann A (1970) Die Hohengrenzen der Arve und der Arvenwilder in den Tta-
lienischen Alpen. Mitteilungen der Ostalpin-Dinarischen Gesellschaft fiir Ve-
getationskunde 11: 67-80.

Holtmeier F-K (2003) Mountain timberlines. Ecology, patchiness, and dynamics.
Advances in Global Change Research, vol 14. Kluwer Academic Publishers,
Dordrecht, Boston, London

Kamer P, Mucina L (1993) Mulgedio-Aconitetea. In: Grabherr G, Mucina L (eds)
Die Pflanzengesellschaften Osterreichs. Teil II. Natiirliche waldfreie Vegeta-
tion. Fischer, Jena, Stuttgart, New York, pp 468-505

Knapp R (1954) Uber subalpine Buchenmischwiilder in den nérdlichen Ostalpen,
Berichte der Bayerischen Botanischen Gesellschaft 30: 71-84

Kuoch R (1954) Wilder der Schweizer Alpen im Verbreitungsgebiet der Weil-
tanne. Mitteilungen der Schweizerischen Anstalt fiir das Forstliche Versuch-
swesen 30: 133-260

Kuoch R, Amiet R (1970) Die Verjiingung im Bereich der oberen Waldgrenze der
Alpen. Mitteilungen der Schweizerischen Anstalt fiir das Forstliche Versuch-
swesen 46: 159-328

Kuoch R, Schweingruber FH (1975) Baumarten an der alpinen Waldgrenze in der
Schweizerische Schweizer Zeitschrift fiir Forstwesen 126: 13-40.

Ludi W (1921) Die Pflanzengesellschaften des Lauterbrunnentals und ihre Suk-
zession. Beitrige zur Geobotanischen Landesaufnahme der Schweiz 9

Mayer H (1962) Gesellschaftsanschluss der Liarche und Grundlagen ihrer natiir-
lichen Verbreitung in den Ostalpen. Angewandte Pflanzensoziologie 17: 5-56

Mayer H (1974) Wiilder des Ostalpenraumes. Gustav Fischer Verlag, Stuttgart

Mayer H (1986) Europiische Wilder. Fischer, Stuttgart, New York

Mayer H, Ott E (1991) Gebirgswaldbau Schutzwaldpflege. Fischer, Stuttgart, New
York

Moor M (1952) Die Fagion-Gesellschaften im Schweizer Jura. Beitrige zur Geo-
botanischen Landesaufnahme der Schweiz 31: 1-201



Vegetation at the Upper Timberline 77

Neuwinger I (1970) Boden der subalpinen und alpinen Stufe in den Tiroler Alpen.
Misttcii;ungen der Ostalpin-Dinarischen Gesellschaft fiir Vegetationskunde 11:
135-150

Oberdorfer E (1978) Klasse: Betulo-Adenostyletea Br.-Bl. et Tx. 43. In: Oberdor-
fer E (ed) Siiddeutsche Pflanzengesellschaften. Teil II, 2nd edn. Fischer, Stuti-
gart, New York, pp 329-341

Oberdorfer E (1992) Siiddeutsche Pflanzengesellschaften. Teil IV: Wilder und
Gebiische. Textband, 2nd edn. Fischer, Jena, Stuttgart, New York

Odasso M (2002) 1 tipi forestali del Trentino. Centro di Ecologia Alpina, Sardagna

Ott E, Frehner M, Frey H-U, Liischer P (1997) Gebirgsnadelwiilder. Ein praxisori-
entierter Leitfaden fiir eine standortgerechte Waldbehandlung. Paul Haupt
Verlag, Bern, Stuttgart, Wien

Ozenda P (1988) Die Vegetation der Alpen im europiischen Gebirgsraum.
Fischer, Stuttgart, New York

Ozenda P, Borel J-L (1995) Possible responses of mountain vegetation to a global
climatic change: the case of the Western Alps. In: Guisan A, Holten JI,
Spichiger R, Tessier L (eds) Potential ecological impacts of climate change in
the Alps and Fennoscandian Mountains. Publication hors-série n. 8 des Con-
servatoire et Jardin botaniques de la Ville de Genéve, Geneéve, pp 137-144

Ozenda P, Borel J-L (2003) The alpine vegetation of the Alps. In: Nagy L, Grab-
herr G, Kérmer Ch, Thompson DBA (eds) Alpine biodiversity in Europe. Eco-
logical Studies, vol 167. Springer, Berlin, Heidelberg, New Yark, pp 53-64

Patzelt G, Kofler W, Wahlmiiller B (1997) Die Otztalstudie — Entwicklung der
Landnutzung. In: Alpine Vorzeit in Tirol. Begleitheft zur Ausstellung. Uni-
versitit Innsbruck: 46-62

Pedrotti F, Gafta D (2003) The high mountain flora and vegetation of the Apenni-
nes and the Italian Alps. In: Nagy L, Grabherr G, Korner Ch, Thompson DBA
(eds) Alpine biodiversity in Europe. Ecological Studies, vol 167. Springer,
Berlin, Heidelberg, New, York, pp 73-84

Peppler-Lisbach C, Petersen J (2001) Synopsis der Pflanzengesellschaften
Deutschlands Heft 8, Calluno-Ulicetea (G3) Teil 1: Nardetalia strictae, Borst-
grasrasen, Verlag der Floristisch-soziologischen Arbeitsgemeinschaft e.V.,
Gottingen

Reisigl H, Keller R (1989) Lebensraum Bergwald. Fischer, Stuttgart, New York

Sakai A, Larcher W (1987) Frost survival of plants. Responses and adaptation to
freezing stress. Ecological Studies, vol 62. Springer, Berlin, Heidelberg, New
York

Schénenberger W (1981) Die Wuchsformen der Béume an der alpinen Waldgren-
ze. Schweizer Zeitschrift fiir das Forstwesen 132: 149-162

Schiitz M, Wildi O, Achermann G, Kriisi BO, Nievergelt B (2000) Predicting the
development of subalpine grassland in the Swiss National Park: how to build
a succession model based on data from long-term permanent plots. In: Schiitz
M, Kriisi BO, Edwards PJ (eds) Succession research in the Swiss National
Park. Nationalpark-Forschung in der Schweiz 89, pp 207-235



78  Brigitta Erschbamer and Susanne Wallndfer

Schweingruber FH (1972) Die subalpinen Zwergstrauchheiden im Einzugsgebiet
der Aare (Schweizerische nordwestliche Randalpen). Mitteilungen der
Schweizerischen Anstalt fiir das Forstliche Versuchswesen 48: 197-504

Wagner H (1985) Die Pflanzendecke O'stel}'eichs. Erlduterungen zur Vegetation-
skarte 1:1000000 im Osterreich-Atlas. Osterreichische Akademie der Wissen-
schaften

Walentowski H, Ewald J, Fischer A, Kolling C, Tiirk W. (2004) Handbuch der na-
tiirlichen Waldgesellschaften Bayemns. Verlag Geobotanica, Freising

Wallndfer S (1993a) Vaccinio-Piceetea. In: Mucina L, Grabherr G, Wallnéfer S
(eds) Die Pflanzengesellschaften Osterreichs. Teil III. Wilder und Gebiische,
Fischer, Jena, Stuttgart, New York, pp 283-337

Wallnéfer S (1993b) Pulsatillo-Pinetea. In: Mucina L, Grabherr G, Wallnéfer S
(eds) Die Pflanzengesellschaften Osterreichs. Teil II1. Wilder und Gebiische,
Fischer, Jena, Stuttgart, New York, pp 237-243

Wallnofer S (1993c) Erico-Pinetea. In: Mucina L, Grabherr G, Wallnofer S (eds)
Die Pflanzengesellschaften Osterreichs. Teil III. Wilder und Gebiische. Fi-
scher, Jena, Stuttgart, New York, pp 244-282

Willner W (2002) Syntaxonomische Revision der stidmitteleuropéischen Buchen-
wiilder. Phytocoenologia 32: 337-453

Zukrigl K (1973) Montane und subalpine Waldgesellschaften am Alpenostrand.
Mitteilungen der Forstlichen Bundesversuchsanstalt Wien 101: 1-387



