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Vegetation databases provide a close-up on 
altitudinal tree species distribution in the 
Bavarian Alps 

Jörg Ewald 

Abstract: Thermal limits of tree species are of paramount interest in monitoring and projecting effects of climate warming. Based on 

the large phytosociological database BERGWALD, a database of forest inventory plots, and phytosociological tables of vegetation 

above treeline, tree species occurrence along a regional elevation gradient was assessed separately for tree and regeneration layer 

individuals. Upper limits in the database were compared to altitudinal limits given in Oberdorfer’s regional flora and to northern latitu-

dinal limits given in worldwide distribution maps. For 26 of 32 tree species, the known distribution limits had to be raised based on 

plot data, demonstrating the high potential of vegetation databases to deliver ecological information. In most species, regeneration 

layer occurrences markedly exceeded the altitudinal limit of trees, indicating a potential for rather rapid advances of treelines under 

climate warming. Regional altitudinal and global latitudinal limits were quite closely related in the majority of tree species. However, 

several tree species climb to much higher elevation in the Alps than their latitudinal limits suggest. The boreal-subalpine mismatch in 

cold limits is only partly explained by vicariism and endemism. Sorbus aria, Acer pseudoplatanus, Fagus sylvatica and Taxus baccata 

are important elements of temperate mountain forests, which do not reach thermally equivalent northern latitudes for unknown reasons. 
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Introduction 

Concerns about global warming have 

brought tree species back into the focus of 

plant ecology. Obviously, their thermal 

niche is of particular interest, which can 

be studied particularly well in mountains 

with a close dependence of temperature 

on elevation and steep temperature gradi-

ents on short distances (Körner 2007). 

Models of cold limits are often based on 

coarse scale distribution data and climate 

models, which perform reasonably well in 

high latitudes, but fail in mountains with 

long temperature gradients within grid 

cells. Thus, high resolution species obser-

vations such as individual floristic records 

or vegetation plots are necessary to find 

local and absolute cold limits in moun-

tains. While some regional floras, such as 

Oberdorfer (2001), compile information 

on known altitudinal limits, high resolu-

tion observation records in databases have 

the potential of providing much more 

explicit information on altitudinal distri-

bution (Guisan et al. 2007). 

Owing to the tight relationship between 

elevation and temperature within a given 

mountain range, altitudinal limits provide 

an approximation of species’ temperature 

limits. Comparing such local cold limits 

to worldwide latitudinal limits presents a 

test of the physiological equivalence of 

both. 

In climate change research the cold 

limit of species is often regarded as the 

“leading edge”, where pole- and upward 

advances are projected (Aitken et al. 

2008). Like timber- and treeline, many 

tree species limits are fuzzy, consisting of 

an absolute upper limit, often represented 

by seedlings and low shrubby outposts, 

and a limit of tree-sized individuals. 

Outposts not reaching sexual maturity 

must be regarded as sink populations that 

depend on seed flow from treeline under 

present climate, but will likely be released 

from climatic stress by warming. Thus 

anticipating dispersal into warming habi-

tats, outpost-forming tree species are 

crucial for the potential speed at which 

upward shifts of forest can take place. 

In the present study, vegetation data-

bases served to answer the following 

questions: 

1. What are the altitudinal limits of impor-

tant tree species in the Bavarian Alps? 

2. How wide is the outpost zone for im-

portant tree species? 

3. How do local altitudinal limits relate to 

worldwide latitudinal limits? 

Material and methods 

The Bavarian Alps represent the German 

portion of the Northern Alps, comprising 

several chains of east-west oriented 

mountain ranges. Average annual tem-

peratures (8.2 to –3.0 °C) are closely 

related (0.48 K 100 m-1, R² = 0.95) to 

elevation (470 to 2,976 m a.s.l.). 

Altitudinal distribution data were de-

rived from the following sources: The 

phytosociological flora by Oberdorfer 

(2001) mentions maximum elevation for 

many species, which was based on long-

lasting, but informal literature review, 
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Fig. 1: Boxplots of altitudinal distribution of common tree species (constancy > 1%) 

in the Bavarian Alps based on the BERGWALD database; tree species ranked by 

mean elevation. 

personal observations and communication 

with experts (A. Schwabe, pers. comm.). 

BERGWALD is a database of forest and 

related vegetation in the Bavarian Alps 

(Ewald 1995, 2012) and, at the time of 

study, contained 4,934 relevés (95.5% 

with original elevation information) from 

52 sources. 85% of relevés originated in 

projects with preferential sampling, usu-

ally geared at optimal coverage of com-

munity variation within study areas, 2% 

from stratified random sampling with 

elevation as a criterion for placement. 

Hiebl (2010) analysed 62,901 georefer-

enced forest inventory (FI) plots from 

Bavarian state forests, which make up 

50% of the Bavarian Alps, by courtesy of 

the Bavarian State Forest Institution 

(BaySF). FI is a systematic grid sample 

(Klemmt 2007), but does not cover tree-

less areas above timberline. 

Since BERGWALD and FI focus on 

forests, the vegetation tables in Rehder 

(1970), Spatz (1970), Herter (1990), Lang 

(1991), Eggensberger (1994), Rösler 

(1997) and Zednik (1997) were system-

atically screened for records of tree re-

generation in non-forest vegetation (NFV) 

above tree line. These relevés were placed 

preferentially without focus on the occur-

rence of tree species, which were docu-

mented as a by-product of complete spe-

cies lists. 

Tree layer (> 5 m) records in 

BERGWALD were queried separately 

from shrub and field layers, which were 

combined as regeneration. Boxplots rep-

resenting the distribution of tree and 

regeneration observations across the 

elevation gradient were plotted for all 

species with more than 50 occurrences in 

the BERGWALD database. All relevés 

with maximum elevation of tree species 

were checked for credibility. Maxima 

from FI (Hiebl 2010) and other sources 

were combined in a table, yielding abso-

lute limits for the Bavarian Alps. Rank 

correlation between average elevation 

from BERGWALD, observed maximum 

elevation of occurrence and tree species' 

Ellenberg indicator value for temperature 

(Ellenberg et al. 2001) was quantified by 

the Spearman coefficient (Pearson’s 

correlation coefficient between ranks). 

Latitudinal limits (decimal degrees) 

were queried in ArcGIS from up-to-date 

shapefiles of worldwide distribution, 

obtained from the University of Halle 

(Welk et al. 2010), and plotted against 

absolute altitudinal limits. Indicator val-

ues for temperature were taken from 

Ellenberg et al. (2001), modes of seed 

dispersal were taken from Jäger & Werner 

(2005). 

Results 

According to the combined content of the 

vegetation databases 32 tree species oc-

curred in the study region (Table 1). 

BERGWALD yielded elevation data on 

29, Oberdorfer on 27, non-forest relevés 

on 23 and FI on 13 tree species. Delivery 

of absolute elevation maxima followed 

the same order, with 14 tree species by 

BERGWALD, 12 by Oberdorfer, 4 by 

non-forest relevés and 2 by FI. Oberdor-

fer’s maxima were exceeded for all com-

mon tree species (constancy > 20%) 

except Sorbus aucuparia, mostly based on 

the search in non-forest relevés. The 

BERGWALD database delivered numer-

ous new maxima for tree species of in-

termediate and low constancy. Based on 

FI, the maxima for Pinus sylvestris and 

Quercus robur could be raised. 

Altitudinal distribution of the 16 tree 

species recorded in at least 50 relevés 

(>1%) of the BERGWALD database is 

displayed as a boxplot ordered by de-

creasing average elevation of occurrence 

(Fig. 1). Species differed mostly in the 

extent to which they occur at high alti-

tudes, while almost all had occurrences 

down to the valley bottoms. Pinus cembra 

was the only tree species strictly restricted 

to high altitudes above 1,200 m a.s.l. 

(Plate A). There was a great variety of 

distribution types regarding the relation-

ship between tree and regeneration layer. 

For the majority of species median eleva-

tion was higher for trees than for regen-

eration, with the notable exception of 

Larix decidua, Fraxinus excelsior and 

Salix eleagnos (Fig. 2). Thus, common 

tree species like Fagus sylvatica occur as 

dwarf or krummholz forms at orographic 

timberlines (Plate B). As indicated by the 

absence of values outside the whiskers 

(1.5 of the box length), occurrences were 

evenly distributed across the elevation 

range in many species. Extreme outliers at 

the high end existed for Picea abies, 

Abies alba, Taxus baccata, Sorbus aria, 

Pinus rotundata, Alnus incana and Frax-

inus excelsior. Upper limits were gener-

ally similar for tree and regeneration 

layer. Several regeneration outposts be-

yond the highest trees were detected for 

Sorbus aucuparia, Acer pseudoplatanus 

and Picea abies. 

Maximum elevation of occurrence was 

closely related to average elevation 
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Fig. 2: Differences between elevation maximum of regeneration (based on 

BERGWALD and non-forest vegetation tables) and of trees (based on BERGWALD 

and forest inventory) for more common tree species (> 1% constancy in 

BERGWALD database). 

(Spearman = 0.72). Ellenberg tempera-

ture values of 21 tree species were more 

closely related to average (= –0.71) than 

to maximum elevation (= –0.63). 

Maximum elevation in the regeneration 

layer usually exceeded the maximum for 

tree layer occurrences with the exception 

of Ulmus glabra and Alnus incana 

(Fig. 3). Pinus sylvestris, Fraxinus excel-

sior and Pinus cembra had tree maxima 

up to 100 m beyond the highest observed 

regeneration. 

With wind- (Acer pseudoplata nus, 

Salix eleagnos) as well as bird-dispersed 

trees (Taxus baccata, Fagus sylvatica) 

among the outpost-forming species, there 

was no obvious pattern of dispersal modes 

(Tab. 1) associated with the advance of 

shrub outposts above trees. 

Northern limits were obtained from 

shape files of world-wide distribution data 

for 29 tree species (Welk et al. 2010, 

without synanthropic distribution) and 

plotted against overall maximum eleva-

tion in the Bavarian Alps (Fig. 3). North-

ern limits of high boreal tree species 

appeared to be confined by the northern 

limit of continental land mass at 71 ° 

latitude. For species reaching limits at 

lower latitudes, Ulmus glabra, Alnus 

glutinosa, Tilia cordata, Quercus robur, 

Acer platanoides and Tilia platyphyllos, 

the relationship between altitudinal and 

latitudinal limits appeared to be linear. 

However, all but Ulmus were restricted to 

the lowest elevations of the Alps and thus 

represented by only few observations. A 

third group of tree species (Fraxinus 

excelsior, Prunus avium, Taxus baccata, 

Salix daphnoides and Fagus sylvatica) 

reached relatively high elevations in the 

Alps, but extended only to the southern, 

hemiboreal parts of Scandinavia between 

60 and 65° northern latitude. The remain-

ing tree species are typical of the Alps and 

other high mountain ranges, but are prac-

tically absent from Northern Europe. 

Within the group, three biogeographical 

categories may be discerned: Acer 

pseudoplatanus and Sorbus aria extend to 

the Central and Western European low-

lands and have no sister taxa in the boreal 

flora; Larix decidua and Pinus cembra 

have vicariant sister taxa in boreal Siberia 

(A., L. and P. sibirica); and Abies alba, 

Pinus rotundata, P. uncinata and Salix 

eleagnos are endemics of Central and 

Southern European mountain ranges. 

Discussion 

Ranking tree species by their mean eleva-

tion in the BERGWALD database, the 

sequence Pinus cembra-Larix-Picea-

Abies-Fagus-Quercus reveals perfect 

correspondence with the definitions of 

altitudinal belts by Ewald (1997), and 

verifies the local applicability of Ellen-

berg temperature values. The prominence 

of Acer pseudoplatanus at the upper limit 

of the Fagus belt conforms to the concept 

of “subalpine beech woods with Acer” 

(annex I type 9140 of the EU habitats 

directive, Anon. 1992). On the other hand, 

Ulmus glabra, a name-giving tree of the 

“subalpine” association Ulmo-Aceretum 

(Clot 1990), is distributed at lower eleva-

tions. The preference of Pinus sylvestris, 

P. rotundata, Alnus incana, and Juniperus 

communis towards lower elevations must 

be attributed to the frequency of primary 

successions due to fluvial morphodynam-

ics (Hölzel 1994) and of mires in alpine 

valleys (Ellenberg 1988), which con-

founds the altitudinal temperature gradi-

ent. 

Tree species distribution is usually lim-

ited by low temperatures and short grow-

ing season at high altitudes. The occur-

rence of subalpine specialists like Larix 

decidua and Sorbus aucuparia in early 

successional habitats at low elevation 

indicates that their lower limits are caused 

by competition rather than physiological 

constraints. Viewed against this finding, 

the unique distribution of Pinus cembra 

invokes biotic interactions like missing 

mycorrhizal partners (Kernaghan et al. 

1997) or cold-intolerant pathogens. Nar-

rowly confined to few of the highest 

massives, the distribution of P. cembra in 

the Northern Calcareous Alps appears as a 

relic of colder periods and suggests high 

regional extinction risk under climate 

warming.  

In a densely populated and well-studied 

region like Central Europe, one might 

assume that altitudinal limits of tree spe-

cies are well-known, and documented in 

handbooks like Oberdorfer's (2001). Early 

knowledge about altitudinal limits 

(Sendtner 1854, Kerner von Marilaun 

1896, Rubner 1925) seems to have sedi-

mented into silviculture and botany text-

books without much updating and refine-

ment. Apparently, before the climate 

change debate, the study of tree species 

distributions was considered unrewarding. 

The present study demonstrates the value 

of high resolution observation databases 

in obtaining more explicit and exact 

information (Ewald 2001, Guisan et al. 

2007, Lenoir et al. 2009, Dengler et al. 

2011) in four respects: (1) Maxima can be 

considerably corrected; (2) frequency 

difference between altitudinal limit of regeneration and trees [m]
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along the altitudinal gradient can be stud-

ied; (3) tree and regeneration occurrences 

can be discerned from layer information; 

and (4) plot locations can be intersected 

with spatially interpolated climate vari-

ables or re-visited for field measurements. 

Depending on the underlying sampling 

strategy, the sources differ in their poten-

tial to find upper limits of trees. The 

BERGWALD database contains a major-

ity of preferentially sampled plots placed 

in forests of all types, including high 

elevation forests and krummholz around 

timberline. Representing tree species 

proportional to their frequency and miss-

ing treeless vegetation, FI data are less 

effective in finding upper limits despite 

the large sample size. Relevés from non-

forest vegetation demonstrate the useful-

ness of complete species sampling beyond 

the proximate goal of vegetation studies, 

as pointed out by Ewald (2001, 2003). 

Observation of tree seedlings in alpine 

vegetation is a useful by-product, which 

allows assessing the limits of long-

distance seed dispersal of common spe-

cies with high seed pressure. 

For most species, shrubs, saplings and 

seedlings reach way beyond the upper 

limit of the tree growth form. If we as-

sume that sexual reproduction will usually 

not take place before heights of 5 m are 

reached, regeneration outposts have to be 

regarded as sink populations, which rely 

on seed flow from populations at the 

respective tree limit (Pulliam 1988, Dias 

1996). Unfortunately, the demographic 

information in vegetation and forest in-

ventory data is limited, and does not allow 

a clear distinction between seedlings, 

which merely indicate the range of seed 

dispersal, and established saplings. An 

altitudinal advance of saplings over trees 

has been shown in the Scandes (Hofgaard 

et al. 2009), where advanced sapling 

occurrences were attributed a key role in 

treeline response to warming climate. 

Woodall et al. (2009) found significant 

northward advances of saplings over trees 

in boreal species of North America. The 

fact that Lenoir et al. (2009) found only 

insignificant advances of seedlings at 

upper limits in French mountains is at-

tributable to the exclusion of plots in the 

treeline ecotone. The finding of these 

authors that seedlings have significantly 

higher low elevation limits than trees is 

not visible in the Bavarian Alps, giving no 

sign of range contraction induced by 

recent warming. 

 

Table 1: Maximum elevation of occurrence [m] in the Bavarian Alps for 32 tree species according to the following sources: 

Oberdorfer (2001), database BERGWALD, forest inventory (FI) and non-forest vegetation tables (NFV); known maximum eleva-

tion in bold; northern latitudinal limit from shapefiles (dots and northern bounds of polygons) provided by Welk et al. (2010); T: 

indicator values for temperature from Ellenberg et al. (2001); dispersal mode from Jäger & Werner (2005): w: wind, g: gut, h: 

hiding places. 

 Oberd. BERGWALD     FI NFV All  GIS  Dispersal 

Species max constancy % max   max max max Reference of max max N latitude T mode 

  total tree reg total tree reg     total dots polygon   

Picea abies 1900 83.7 69.6 61.3 2030 1910 2030 1856 2060 2060 Rösler (1997) 69.79 69.79 69.25 3 w 

Acer pseudoplatanus 1640 63 25.5 58.3 1780 1630 1780 1653 2030 2030 Eggensberger (1994) 54.63 54.63 54.44  w 

Sorbus aucuparia 1980 51.5 3.9 50.5 1970 1780 1970 1660 1940 1980 Oberdorfer (2001) 71.16 68.26 71.16  g 

Fagus sylvatica 1500 45.8 34.1 37.0 1570 1530 1570 1539 1770 1770 Eggensberger (1994) 60.66 60.66 60.33 5 h 

Abies alba 1560 36.2 23.6 28.3 1910 1820 1910 1750 1740 1910 Frankl (2001) 52.31 52.31 52.13 3 w 

Sorbus aria 1560 25.2 5.5 23.1 1700 1570 1700 1525 1790 1790 Michiels (1992) 53.85 53.85 52.19 5 g 

Fraxinus excelsior  16 4.7 14.7 1450 1450 1370 1363 1280 1450 Feldner (1978) 64.01 64.01 61.53 5 w 

Larix decidua 2003 14 11.9 5.6 1820 1820 1820 1753 1980 2003 Oberdorfer (2001) 50.55 46.82 50.55  w 

Pinus sylvestris 1600 9.7 8.4 2.9 1580 1580 1540 1636 1260 1636 Hiebl (2010) 70.10 67.81 70.10  w 

Ulmus glabra 1380 7.7 3.8 5.5 1450 1450 1450 1349 1190 1450 Feldner (1978) 67.09 67.09 60.82 5 w 

Alnus incana 1400 5.2 3.3 4.6 1350 1350 1350  1150 1400 Oberdorfer (2001) 70.75 70.75 70.54 4 w 

Pinus cembra 1960 3.9 3.7 2.0 1860 1860 1820 1776 1240 1960 Oberdorfer (2001) 49.30 49.30 49.28 2 h 

Pinus rotundata  2.7 2.1 1.6 1580 1550 1580   1580 Lorenz (1993) 50.84 50.84 46.24 3 w 

Salix eleagnos 1300 1.8 0.5 1.5 970 910 970  1140 1300 Oberdorfer (2001) 50.00 50.00 49.84 5 w 

Taxus baccata 1400 1.5 0.7 1.1 1640 1320 1640 1177  1640 Michiels (1992) 62.72 62.72 55.60 5 g 

Juniperus communis 1600 1.4 0.2 1.3 1320 1250 1320   1600 Oberdorfer (2001)     g 

Betula pendula 1780 0.9 0.4 0.5 1310 1310 1150  1060 1780 Oberdorfer (2001) 69.90 69.48 69.90  w 

Acer platanoides 1060 0.7 0.2 0.6 1170 1110 1170  860 1170 Ewald (1997) 63.23 62.88 63.23  w 

Tilia platyphyllos 1000 0.6 0.4 0.5 1010 1010 1010  820 1010 Feldner (1978) 59.12 59.12 52.26 6 w 

Betula pubescens 1580 0.5 0.2 0.3 1660 1660 1570  1530 1660 Feldner (1978) 70.36 68.20 70.36  w 

Salix caprea 1730 0.5 0.1 0.5 1450 1090 1450  1270 1730 Oberdorfer (2001) 70.67 70.67 70.39  w 

Prunus padus 1500 0.4 0.1 0.5 950 860 950  870 1500 Oberdorfer (2001) 71.16 68.88 71.16 5 g 

Alnus glutinosa 1030 0.4 0.4 0.3 1140 1050 1140   1140 Storch (1983) 66.66 66.66 64.52 5 w 

Prunus avium 1700 0.4 0.1 0.4 1140 1030 1140   1700 Oberdorfer (2001) 63.75 63.75 60.34 5 g 

Betula carpatica  0.2 0.2 0.1 1630 1630 1510   1630 Freiberg (1980)    4 w 

Salix daphnoides 1300 0.2 0.1 0.2 1450 900 1450  1450 1450 Herter (1990) 62.35 62.35   w 

Pinus uncinata  0.1 0.1 0.0 1440 1440 820   1440 Frankl (2001) 50.84 50.84 46.24  w 

Populus tremula 1300 0.1 0.0 0.1 1170 1170 1030  1210 1300 Oberdorfer (2001) 70.98 70.98 70.86 5 w 

Tilia cordata 1360 0.1 0.1 0.0 920 710 920  740 1360 Oberdorfer (2001) 65.50 65.50 63.69 5 w 

Acer campestre 800 0.0 0.0 0.0 860 860    860 Feldner (1978) 55.81 55.81  6 w 

Populus ×canescens  0.0 0.0 0.0 900 900 900   900 Feldner (1978)     w 

Quercus robur 950 0.0 0.0 0.0    1084 890 1084 Hiebl (2010) 63.79 63.79 60.76 6 h 
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On the other hand, high elevation tree 

populations without regeneration can be 

interpreted as relics of a more favourable 

past, which have ceased to produce seeds 

or do no longer find safe sites for estab-

lishment (Pigott 1992). If at all, this hy-

pothesis applies to Pinus cembra and 

Fraxinus excelsior in the Bavarian Alps - 

the possible confounding of juveniles 

with Pinus mugo agg. commands caution 

in the case of Pinus sylvestris. For Pinus 

cembra, the absence of high elevation 

outposts adds another precarious aspect to 

the relic status of Bavarian populations. 

The cold niche margin can be studied at 

altitudinal and latitudinal limits of tree 

species. Under climate warming these 

margins become the leading edge, where 

new potential habitats arise (Kullman 

2009, Harsh et al. 2009). However, due to 

the coarse resolution of distribution and 

climate data, recent SDMs have devoted 

more attention to the northern margin 

(Sykes et al. 1996) than to temperate 

mountains with their fine-grained altitud-

inal gradients (Randin et al. 2009). In 

order to yield reliable scenarios, SDMs 

must reflect the physiological constraints 

at both types of cold margin (Cogbill & 

White 1991, Normand et al. 2009). The 

comparison between northern and local 

altitudinal limits in the Bavarian Alps 

reveals four patterns: (1) The correlation 

for the majority of tree species suggests 

corresponding effects of temperature. (2) 

The limits of cold-tolerant boreal species 

can be better differentiated in the Alps 

than in the North, where they are bounded 

by the Arctic Ocean. (3) The comparison 

is obviously meaningless for alpine en-

demites (Pinus mugo agg., Salix eleag-

nos) and species with Siberian vicariants 

(Pinus and Larix sibirica); as a species 

restricted to the larger area of Central and 

Southern European mountains, Abies alba 

is transitional to the next category. (4) 

Fagus sylvatica and Acer pseudoplatanus, 

as the most frequent shade-tolerant de-

ciduous trees of Bavarian mountain for-

ests, as well as Sorbus aria, Taxus bac-

cata and Prunus avium ascend to much 

higher elevations in the Alps than might 

be expected in view of their northern 

limits. 

In Central European mountains, the tree 

form of Fagus sylvatica reaches a con-

spicuous limit at 4 °C mean annual tem-

perature, which prevails far beyond the 

northern distribution limit, e.g. in South-

ern Finland. Rubner (1925) pointed out 

that Fagus and several other deciduous 

species do not extend into eastern, conti-

nental regions, which he attributed to the 

frequency of late frost. Eastern boreal 

Europe and Siberia experience less pre-

cipitation and radiation than the Alps, as 

well as strong contrasts between winter 

and summer temperatures and an abrupt 

onset of the vegetation period, which 

exposes young shoots to frost damage. On 

the other hand, the limited northwestern 

distributions of Fagus and Acer 

pseudoplatanus do not fit in well with the 

continentality hypothesis and invoke 

incomplete range filling due to migration 

barriers (Svenning & Skov 2004). To 

account for such patterns, SDMs must be 

improved by increasing the spatial resolu-

tion of distribution and climate data and 

by including models of spring and late 

summer frost (Scheifinger et al. 2003). 
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Fig. 3: Juxtaposition of altitudinal limit in the Bavarian Alps and world-wide latitudinal limit (based on data by Welk et al. 2010); 

●: species with rough correspondence between alpine and boreal limit; ■: species reaching shore of arctic sea; ∆: endemics of 

temperate mountains; ○: species with unexplained mismatch. 
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Plate: 

A:  Pinus cembra typically 

occurs in open stands at 

timberline, here mixed with 

Larix decidua and Picea 

abies with a shrublayer of 

Pinus mugo and Sorbus 

aucuparia; Reiter Alm near 

Schneitzelreuth, Bavaria 

(Photo: J. Ewald). 

B:  Orographic timberline 

with krummholz stands of 

Pinus mugo and Fagus 

sylvatica shaped by moving 

snow; Kaisergebirge near 

Kufstein, Austria (Photo: J. 

Ewald). 
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