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Preface 

The project “Map of the Natural Vegetation of Europe, Scale 1:2500000, with Explanatory 
Text”, which is completed with the publication of the text volume and the present CD-
ROM, is the result of over 20 years of intensive collaboration between experts from across 
Europe. Leading scientists and institutions in vegetation science and vegetation mapping 
from a total of 31 European countries were involved, including Russia to the Urals and the 
countries of the Caucasus region. 

The vegetation map of Europe represents the first map ever produced by a team of 
international experts for a whole continent and at such a scale. It was created following 
collaboratively developed guidelines and reflects the current state of knowledge in Europe. 
For several European countries (Denmark, Great Britain, Ireland, France, Portugal, Albania, 
Greece and Rumania) this project provided an opportunity to develop for the first time a 
more detailed depiction of the potential natural vegetation. It is especially worthy of note 
that, in the course of years of intensive and cooperative collaboration, representatives of the 
methodologically very different schools of vegetation science in Europe were able to agree 
on a uniform hierarchical classification system for this mapping project, with corresponding 
labelling, coding and colouring of the vegetation map units. 

Complete coverage is provided for the present natural site potential in the form of the 
current natural vegetation, which corresponds to the actual climatic conditions, soil 
properties (nutrient and water budget as well as soil depth) and the native flora in the 
various landscapes. The map thus reflects the diversity and spatial arrangement of the 
natural terrestrial ecosystems of Europe. 

This work provides a baseline from which characteristics of the current land cover (e.g. 
forests, grassland, fields, settlements) can be determined, such as the degree of deviation 
from the natural potential as well as the degree of naturalness. Furthermore, it permits the 
classification of ecological regions, the determination of the degree of representation of 
natural ecosystems in protected areas, and the achievement of the systematic completion of 
protected area networks.  Furthermore, goals can be set for nature conservation and for 
nature-orientated forestry. In these respects, the Map of the Natural Vegetation of Europe 
provides a decisive basis for information, assessment and planning for nature conservation 
at the scale of the whole of Europe. It also plays an important role for trans-national 
research, teaching and environmental education. 

Because of the great significance of the map for nature conservation and for environmental 
reports at the European level, the European Environmental Agency (EEA) and its 
cooperating facilities such as the European Topic Centre on Nature Conservation (ETC/NC) 
(now: European Topic Centre on Nature Protection and Biodiversity) as well as other 
internationally active organisations (e.g. the WWF, WCMC, FAO) have expressed great 
interest in the results of the present project. The digital data of the maps at the scales of 
1:10 and 1:2.5 million have thus already been used for ecological and biogeographical 
classifications of Europe. 



The results of the present international project, especially the digitally available vegetation 
maps and the accompanying databases, explanations and analyses, have also been in 
demand by specialists and university professors of botany, geography, nature conservation 
and forestry. 

“Application and Analysis of the Vegetation Map of Europe” was the topic of an 
international workshop in May 2001 at the BfN branch office “International Academy for 
Nature Conservation Isle of Vilm”. At this meeting many potential application possibilities 
and examples were presented, particularly in nature conservation and landscape 
management. The contributions and results have been assembled in a proceedings volume 
that is to appear shortly. In a resolution passed at the symposium, participants highlighted 
the importance of the mapping project both for international scientific cooperation and as a 
basis of further analysis and application for systematic nature conservation, the maintenance 
of biological diversity, sustainable use of natural resources and an environmentally sound 
planning strategy at the European level. The most urgent tasks for the immediate future 
were identified as providing greater availability of data on CD-ROM and on the Internet, as 
well as information for professionals and the public on the content, scientific and practical 
significance and the multifaceted possibilities of application at regional, national and 
European levels. With this interactive CD-ROM in a bilingual edition already decisive steps 
have been made in this direction. 

 

Prof. Dr. Hartmut Vogtmann 

President of the Federal Agency for Nature Conservation (Bundesamt für Naturschutz),  
Bonn, Germany 
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1 The general background to the map of the natural vegetation of Europe 

1.1 Establishment of international collaboration and working groups 

Zdenka Neuhäuslová, Zoja V. Karamyševa, Tatjana K. Jurkovskaja, Heinz Schlüter & Udo Bohn 

Historical overview 

The map of the (potential) natural vegetation of Europe at the scale of 1:2500000 dates back 
more than 27 years to an initiative of Professor Paul Ozenda (France) and Professor Werner 
Trautmann (Germany) during the unique occasion of the 12th International Botanical Congress in 
1975 in Leningrad (today St. Petersburg). This was the first time since the second world war and 
still in an atmosphere of east-west confrontation during the ‘Cold war’, that numerous geobotan-
ists from the ‘Eastern Bloc’ were allowed to participate in discussions with colleagues from many 
‘western’ European countries about the possibility of collaborating on a small-scale vegetation 
map of Europe. This initiative won general approval and an enthusiastic willingness to collabo-
rate. Academy member E.M. Lavrenko, former head of the Laboratory for Phytogeography and 
Cartography in the Leningrad Komarov Institute for Botany, immediately seized the initiative, 
since he had on many occasions emphasised the need to compile a detailed vegetation map of 
Europe. As a result, in 1977, a formal invitation to collaborate was sent to many of the relevant 
institutions and experts in almost every European country. 

Here it should not be forgotten that the concept of a vegetation map for Europe was proposed as early as 1923, when a “per-
manent committee” was set up at the Rübel Geobotanic Research Institute in Zürich, the objectives of which included, among 
other things, the creation of a vegetation map of Europe. The first ideas relating to this were put forward at the 1930 Botany 
Congress in Cambridge; they were referred to again by I. Horvat and R. Tüxen in 1959 at the Symposium for Vegetation 
Mapping in Stolzenau. There, a “Permanent committee for the Vegetation Map of Europe” was established; it consisted of 
the internationally renowned phytosociologists J. Braun-Blanquet (Montpellier), L. Emberger (Montpellier), I. Horvat (Za-
greb), A. Noirfalise (Brussels) and B. Pawłowski (Krakow) and was to be led by R. Tüxen and the Federal Institute for Vege-
tation Mapping in Stolzenau. A “Permanent committee for the classification and mapping of vegetation” for coordinating the 
preparation of a world vegetation map as part of an international collaborative project (GAUSSEN 1966, SOČAVA 1966) was 
appointed at the beginning of the sixties under the auspices of UNESCO. This goal was not realised, however, primarily 
because the botanists of the different countries and schools could not agree on uniform theoretical standards and principles 
for creating the legend and the state of vegetation mapping varied widely across Europe. 

The Institute of Botany of the former Czechoslovak Academy of Sciences (ČSAV) in Průhonice 
near Prague, recommended in the formal invitation to participate as a leading institution for east-
ern, south-east and eastern Central Europe (formerly in the ‘Eastern Bloc’), seized the initiative 
under the directorship of Robert Neuhäusl and organised the 1st International Colloquium on 
the planned Vegetation Map of Europe in collaboration with the Institute of Experimental Biology 
and Ecology of the Slovakian Academy of Sciences in Bratislava. This meeting, from 23rd to 26th 
April 1979 in Liblice near Mělník in Bohemia (cf. GORČAKOVSKIJ 1979, GRIBOVA & ISAČENKO 

1980a, 1980b, NEUHÄUSL 1979, [ED.] 1980, TRAUTMANN & BOHN 1980), can be considered – after 
a start-up phase lasting four years – as the birthplace of the international mapping project. 
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Figure 1: The three initiators of the project: E.M. Lavrenko, W. Trautmann and P. Ozenda (from left) at the 12th 
International Botanical Congress in Leningrad, 1975. 

When the preparatory work for the map was begun at the end of the seventies, the phytocarto-
graphic aspects of the natural vegetation of Europe was already broadly understood (see chapter 
1.2). However, there were gaps or insufficient details in some areas (e.g. parts of western and 
south-east Europe as well as Scandinavia) (s. GRIBOVA & ISAČENKO 1980a, 1980b, NEUHÄUSL 
[Ed.] 1980). In some countries, such as Sweden, Great Britain, Ireland, Denmark, France, Portu-
gal, Yugoslavia and Greece, the Vegetation Map of Europe project led to either increased activity 
in vegetation mapping, or stimulated the production of the first maps of the potential natural vege-
tation. 

Gaps in the regional cartographical documents were gradually eliminated as the work progressed. 
The main problem for a common and homogeneous vegetation map of Europe was presented by 
the different phytocoenological schools and schools of thought regarding the principles of vegeta-
tion classification. In Central, western and southern Europe the floristic-phytocoenological ap-
proach, based on the analysis of the entire species composition of the communities and the pres-
ence of differential and character species, dominated (BRAUN-BLANQUET 1928, 1951, 1964). The 
north European (Scandinavian) classification was based on the vertical layering (stratification) of 
the communities and their physiognomy, as well as on dominant and permanent species in the 
individual layers. The traditional ecological-phytocoenological principle in Russia is based mainly 
on the characterisation and classification of vegetation units according to dominant species and 
their combinations. The maps processed according to the above mentioned principles were there-
fore not directly comparable with one another and for this reason could not simply be welded to-
gether to form a uniform whole. 
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A compromise also had to be found for the content of the map, since the principles of contempo-
rary ‘potential natural vegetation’ (TÜXEN 1956) promoted by western and Central European 
vegetation scientists could not be generally adopted and applied in Russia and other areas for both 
methodological and technical reasons. In the end an agreement was reached to strive for a map 
showing the theoretical, constructed natural vegetation as a common goal, but to refrain from us-
ing ‘potential’ in the map name. 

The following were listed as the objectives and tasks for the international Vegetation Map of 
Europe project: 

– The evaluation and collation of 1) the extensive knowledge and diverse experience of vegeta-
tion scientists from almost all European countries, 2) the extensive literature on the structure, 
variability and distribution of vegetation in Europe, and above all 3) the many national and re-
gional vegetation maps already existing, mostly at a medium scale, through a well organised, 
international collaborative scheme; 

– To encourage an increased level of vegetation research and mapping in those countries or re-
gions lacking detailed maps in order to achieve a uniform map, at a continental scale, of as 
high a standard as possible; 

– To agree a compromise between the highly divergent schools for compiling a vegetation map 
of Europe using as detailed a legend as possible and prepared according to uniform principles, 
and in so doing establish a harmonisation of methods ; 

– Given the increasing importance of ecology and environmental problems, to produce a map 
based on scientific principles which can be used for international nature conservation, the clas-
sification of landscape structure, the sustainable management of the land and to predict devel-
opmental changes;  

– To provide inspiration and to serve as an example for other parts of the world, since this is the 
first large vegetation mapping project developed based on such a high degree of international 
co-operation, and especially as Europe exhibits such a clear but diverse vegetation classifica-
tion and structure. 

Eleven international workshops in various European countries were held in addition to numerous 
bi- and multilateral consultations between the inception of the project in 1979 and 2001. At these 
meetings, all the theoretical, methodological and scientific-organisational questions that arose 
during the development of the national maps and the harmonised European map (up to the print-
ing and production of the explanatory text) were discussed and clarified in close cooperation. 
These scientific meetings gradually led to a robust, uniform concept and to the steady realisation 
of the pan-European Vegetation Map project. For obvious reasons, meetings involving all collabo-
rators could only be held in an Eastern bloc country during the first 10 years of the project (1979 
to the end of 1989). 

After the first international colloquium in April 1979 in Liblice, additional meetings were held in 
Alšovice in Czechoslovakia in June 1980 (GRIBOVA 1981, NEUHÄUSL 1982b) and in Třeboň in 
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October 1980 (NEUHÄUSL & NEUHÄUSLOVÁ 1982). Discussions by the editorial committee took 
place in October 1981 in Východná, Slovakia (GRIBOVA & JURKOVSKAJA 1983, NEUHÄUSL & 

MICHALKO 1984) and in June 1987 in Prague (GRIBOVA & JURKOVSKAJA 1989). Two international 
meetings were organised in October 1983 and September 1985 in Vácrátót near Budapest (Hun-
gary) (BOHN & OZENDA 1987, GRIBOVA & KARAMYšEVA 1987, NEUHÄUSL 1987a, 1987b, 1987c). 
The second of these meetings occurred as a satellite meeting to the 22nd general meeting of the 
International Union of Biological Sciences (IUBS), which had already incorporated the “Vegeta-
tion Map of Europe” project in 1982 as part of its scientific programme (GRIBOVA, KARAMYšEVA 

& NEUHÄUSL 1985). 

Scientists from the RGW (Comecon) countries met on two occasions: in June 1983 in Kiev (GRI-

BOVA 1984, SUMERINA & LIPATOVA 1985) and in September 1984 in Burgas (KARAMYšEVA 
1986). These two sessions were dedicated to building a consensus on the vegetation map for the 
Central and eastern European regions. This part of the map was processed within the scope of the 
RGW project “Ecological principles for the optimal utilisation and protection of biogeocoenoses” 
as topic III. 1.4.1 “Mapping of the biogeocoenoses and their main components” (GRIBOVA & 

NEUHÄUSL 1989). 

Problems associated with the vegetation mapping of Europe’s high-mountain regions were han-
dled at the international symposium “Ecology of the high-mountain regions” in 1984 in Tbilisi 
and Kasbegi in Georgia (GRIBOVA & LADYGINA 1985, GRIBOVA, NACHUCRIšVILI, DOLUCHANOV & 

NEUHÄUSL 1988). Discussions were held in Warsaw in April 1990, in Bonn Bad-Godesberg in 
May 1992 (BOHN 1992) and on the Isle of Vilm near Rügen (Germany) in December 1995. Re-
cently produced maps and mapping units from different European countries were presented and 
discussed at these meetings. As a rule, meetings were complemented by field trips to familiarise 
researchers with the regional vegetation. The last international meeting took place in May 2001 on 
the Isle of Vilm after the vegetation map and the general legend had been printed. It was used as a 
forum to present and discuss opportunities for applying and evaluating the vegetation map of 
Europe for the purposes of landscape classification, nature conservation, landscape conservation 
and various forms of land usage (e.g. forest management, plantations). 

Most international meetings were organised by the Institute of Botany of the Czechoslovak Acad-
emy of Sciences in Průhonice near Prague, the co-ordination centre for the project between 1979 
and April 1991. The main coordinator during these 12 years was Robert Neuhäusl, member of the 
Czechoslovak Academy of Sciences and, after the political changes, director of this institute right 
up to his sudden death in 1991. Thanks to his remarkable resilience, his abilities at foreign lan-
guages, his skills and talents a convergence between the different phytocoenological schools was 
established so that a homogeneous pan-European map could finally be produced. From 1992 the 
‘Bundesforschungsanstalt für Naturschutz und Landschaftsökologie’ (now the ‘Bundesamt für 
Naturschutz’, BfN) in Bonn-Bad Godesberg assumed the task as the co-ordination centre, with 
Udo Bohn as the principal co-ordinator. 

Zdenka Neuhäuslová continued to act as coordinator for the east European region, particularly for 
the preparation of the explanatory texts, completing and processing data sheets for the mapping 
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units and translating the Russian texts. Colleagues at the Komarov Institute for Botany in St. Pe-
tersburg, under the directorship of T. K. Jurkovskaja, were responsible for processing the east 
European part of the map, for the colouring of the general legend and for differentiating the map-
ping units with the aid of additional symbols. 
 
The first international colloquium on the planned Vegetation Map of Europe 1979 

At the first discussions in Liblice (23rd-26th April 1979), 40 scientists participated from 10 Euro-
pean countries. Questions regarding the content of the map, its scale, principles for preparing the 
legend and the concept of the mapping units received special attention. The most important 
propositions for preparing the map were made by the west European botanists P. Ozenda and W. 
Trautmann with U. Bohn as well as the Russian specialists E.M. Lavrenko, T.I. Isačenko and S.A. 
Gribova (cf. LAVRENKO et al. 1980a, 1980b). P. Ozenda familiarised the participants with the 
1:3000000 vegetation map of western Europe (Council of Europe States) and its explanatory text 
(1st edition OZENDA et al. 1979, OZENDA 1980).1 

This map was prepared by a team of west European specialists following a commission by the 
nature conservation committee of the Council of Europe. It was completed in 1979 as a first edi-
tion revised by P. Ozenda. 

The discussion revealed some important deficiencies in the west European map: The cartographic representation was too 
crude and schematic; the principles for classification and the preparation of the legend were not thorough enough, and both 
the degree of differentiation and the information content were inadequate and overly heterogeneous. However, the main 
criticism was directed towards the identification and delimitation of the composition of the vegetation and its geographical 
extent, which was favoured over the differentiation of vegetation-typological units and their cartographic representation. 

The Russian scientists explained the principles used for the preparation of their general maps; these were based on extensive 
experience with the small-scale mapping of the Soviet Union using the legend to the 1 :2500000 vegetation map of the Euro-
pean part of the Soviet Union as an example (ISAČENKO & LAVRENKO 1979). The regional-typological principle for the or-
ganisation of the legend employed in Russia is based on phytocoenological, floristic, ecological, geographic, and dynamic 
criteria. The representatives from the individual countries then reported on the state of vegetation mapping and the vegetation 
maps in their areas of responsibility before they dealt with possibilities for harmonisation at the pan-European scale (original 
contributions and results in NEUHÄUSL et al. 1980). 

TRAUTMANN & BOHN (1980) proposed that mainly floristic-phytogeographical criteria and features should be employed for 
the categorisation and identification of vegetation units, and that ecological and geographical features should only be applied 
as aids for a more precise characterisation and localisation. They argued strongly for a primary classification into plant for-
mations and their further subdivision into vegetation types named according to plant species or species combinations. In 
naturally afforested regions, tree species are of exceptional importance in this regard. The draft of a vegetation classification 
of Europe based on such formations which they submitted consisted of 12 zonal and 5 azonal main units, of which the ‘sum-
mer-green mesophytic deciduous forests, partly with conifers’ were further subdivided to provide an example. 

The legend was to supply as much information as possible for understanding the vegetation maps 
and their contents: variations in base colours were to emphasise the degree of similarity between 
the vegetation types, while lower-ranked ecological and phytogeographical associations and dif-
ferences were to be illustrated using special symbols. 

                                                            
1  The 2nd, revised edition of this map of the EU- and Council of Europe states was published in 1987 (NOIR-

FALISE 1987). 
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The individual mapping units, always of a complex nature in small-scale maps, were to be named 
only after the primary unit wherever possible; their allocation and delimitation was always to be 
floristically-phytosociologically justified and expressed as such in the legend. 
 

 
 
Figure 2: The participants of the 1st International Colloquium in Liblice, April 1979 (in alphabetical order): D. 

Blažková, I. A. Bondev, N. Doniţǎ, J. B. Faliński, G. Fekete, F. Fukarek, P. Fukarek, J. Fukarek, S. A. 
Gribova, P. L. Gorčakovskij, O. Hejná, S. Hejný, G. Hofmann, M. Husová, T. I. Isačenko, R. Javano-
vić-Dunjić, R. Lakušić, D. Magic, Š. Maglocký, A. Matuszkiewicz, W. Matuszkiewicz, J. Michalko, 
V. Mišić, J. Moravec, R. Neuhäusl, Z. Neuhäuslová, P. Ozenda, D. Pavlović, K. Rybníček, A. Sca-
moni, H. Schlüter, W. Trautmann, T. Wojterski. 

 
 
The following resolution was passed in Liblice: 

1. The participants of the colloquium unanimously welcomed the proposal to prepare a unified 
vegetation map of Europe. They saw it as an important step to founding and expanding phyto-
geographical knowledge in the interests of its practical application for research and planning, 
for nature conservation, for environmental protection as well as for production biology. The 
co-operative work on the map sets new standards for international co-operation, which will ul-
timately lead to a new and greater quality of geobotanic research. 

2. The map should illustrate the natural vegetation of Europe at a scale of 1:3000000. 

3. The mapping units shall be developed on the basis of phytocoenological features and meth-
ods. They should also include vegetation mosaics and complexes. 
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4. The map should express the most important zonal, subzonal, altitudinal, regional and edaphi-
cally determined structures, peculiarities and differences in the natural vegetation of Europe, 
including azonal and extrazonal formations, and should also express the most important phy-
tohistorical factors. 

5. During the preparation of the map these principles should be applied in a uniform and consis-
tent fashion. 

6. It was suggested that the mapping project be realised within the framework of the activities of 
UNESCO (MAB and/or IUBS). The Comecon states were encouraged to assume their activi-
ties in Problem III. 

7. It was recommended that a team be formed to prepare a draft for the map legend on the basis 
of national proposals. This team should consist of representatives of the German Federal Re-
public, Czechoslovakia, France, Yugoslavia, Norway, the USSR, and Poland. 

8. It was recommended to establish a project centre at the Botanical Institute of the Czechoslovak 
Academy of Sciences. 

9. and 10. Deadlines were set (cf. NEUHÄUSL [Ed.] 1980: 205 f.). 
 
The first part of the project: 1979 to 1991 

At the next conference of the working group charged with creating a first draft of a unified legend 
(Alšovice in northern Bohemia, 23rd-26th June 1980), participants came from Central and north-
east Europe in particular, as well as from the Balkans. The main objective of this meeting was the 
preparation of a unified general legend.2 

Theoretical and methodological questions were also discussed. These included the phytogeographical structuring of Europe 
and its major regions as a basis for the regional subdivision of the legend; application of homogeneous and heterogeneous 
mapping units depending on vegetation structure; the minimal size of the mapping units and possibilities of using symbols for 
cartographic depiction of very small, but phytogeographically or phytohistorically important vegetation units. 

Draft legends were presented for Czechoslovakia by R. Neuhäusl, for Poland by W. Matuszkiewicz and for east Germany 
(GDR) by A. Scamoni. L. Hämet-Ahti explained the status of vegetation mapping in Scandinavia, P. Fukarek that of the 
Balkan states and the preparation of a unified legend for this region, while W. Trautmann provided information about the 
state of mapping in the western European countries. S.A Gribova presented a draft of a legend for the European part of the 
USSR.  

R. Neuhäusl, in his summarising lecture, proposed a harmonisation of the individual legends. He 
stressed in particular the advantages of a hierarchical construction of the legend so that a zonal, 
subzonal, altitudinal and regional vegetation categorisation could be represented. This procedure 
was agreed to by most of the participants whereby a considerable methodological rapprochement 
was achieved between the western Central European and Russian geobotanists, a fact which in 

                                                            
2  These discussions preceded bilateral meetings between W. Trautmann, U. Bohn and R. Neuhäusl in March 

1980 in Bonn, where the principles for categorising the formations and the composition and description of 
the mapping units were specified. A catalogue of the most important features for characterising the base units 
was developed at the project headquarters and submitted to the collaborators. 



1.1 Map of the Natural Vegetation of Europe 
 

 

24  

itself greatly facilitated the subsequent work on creating a unified legend.3 

In the resolution that resulted from these discussions the points where agreement was achieved 
were emphasised. These were: the number and content of the main units (vegetation types or for-
mation classes according to the Russian system, and formations according to the west European 
schools); principles for differentiation and the contents of the primary mapping units (associations 
according to the Zürich-Montpellier school, groups of associations according to the Russian 
school), and the scheme for naming the mapping units (according to the dominant community). 

The 2nd international colloquium (Třeboň, 27th-30th October 1980) represented a major step in 
the preparation of a unified legend for the map. Propositions for the subdivision of the primary 
formations, the supra-ordinate units of the legend, were proposed for discussion. These were 
based on an analysis of the legends to the national maps for the areas of arctic and boreal vegeta-
tion in Scandinavia and eastern Europe (W. Matuszkiewicz, U. Bohn, N. Doniţă), the nemoral 
vegetation of Central and eastern Europe (W. Matuszkiewicz, U. Bohn, N. Doniţă), the vegetation 
of the Balkans (A. Borhidi, N. Doniţă, I. Bondev), the zones of the eastern European forest 
steppes, steppes and deserts (E.M. Lavrenko, Z.V. Karamyševa, I.N. Safronova, N. Doniţă) and 
mire vegetation (T.K. Jurkovskaja, K. Rybníček), and an initial overview of 19 primary forma-
tions was developed that represented the supra-ordinate base units of the legend (NEUHÄUSL 
1982b). Even though this list was altered and added to considerably during the course of subse-
quent work on the map, it still represented an important milestone for the integration of the na-
tional maps and for the harmonisation of the mapping units, particularly for border areas. Other 
important points of discussion included the development of a universally applicable preliminary 
colour scale for the individual national map contributions as well as the choice of suitable carto-
graphic documents for preparing the European map. 

Considerable changes in the list of the primary formations resulted from the discussions of the 
editorial committee in Slovakia (Východná, 14th-17th September 1981, see NEUHÄUSL 1982b: 
215). 17 main units were agreed and their further subdivision was delegated to the various institu-
tions. The formation ‘summer-green mesophytic deciduous forests and coniferous deciduous for-
ests’ in the general legend, developed in Bonn, was to serve as an example. 

No consensus was achieved at this meeting between the views of the western and eastern European (Russian) participants on 
a number of basic questions (e.g. the placing of the alpine and subalpine high-mountain vegetation in the overview of the 
higher ranked units in relation to the arctic and subarctic vegetation and its phytogeographic differentiation). This problem 
was discussed repeatedly during the processing of the map (GRIBOVA & JURKOVSKAJA 1983, GRIBOVA & LADYGINA 1985, 
KARAMYšEVA & JURKOVSKAJA 1994). There were differences of opinion also regarding the categorisation of mire vegetation 
as well as for the subclassification of boreal vegetation. 

The contributions of those present regarding the national map projects provided valuable raw ma-
terial for the preparation of the general legend. A draft of the base colours for the formations with 
additional use of coloured hachures for altitudinal and trophic variants was approved. It was 
agreed to use a uniform pan-European topographic map at a scale of 1:2500000 that was made 

                                                            
3  Most legends for the maps developed in Russia, in particular that of the 1:2500000 general map for the Euro-

pean part of the USSR (1979), already featured an appropriate hierarchical construction. 
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available by the Geodesic Service of the CSSR. It was also decided to prepare the map at this 
scale on 15 separate sheets. Drafts of the national map were also to be created using this as a 
basis. 

In the first stage of compiling the entire European map, the work on the 2nd edition of the map of 
western Europe and that of the map of Central and eastern Europe of the former Comecon coun-
tries ran in parallel with continuous consultation between the two sides. 

At both meetings organised by Central and eastern European specialists (Kiev 1983, Burgas 1984) the work mainly concen-
trated on additions and alterations to the general legend. Significant changes were made, particularly with regard to the ‘Tun-
dras’, ‘Mesophytic and hygromesophytic coniferous and broadleaved coniferous forests’ and ‘Mires’ formations. ‘Forest 
steppes’, ‘Thorn-cushion mountain steppes’ as well as ‘Alpine and subalpine vegetation of the nemoral zone’ were created as 
new formations. 

On the basis of the revised national maps, a list of the main mapping units was created, its diagnostics were specified and the 
geographical names of the mapping units were harmonised. The revised legend to the map of the European Comecon nations 
was published (BONDEV et al. 1985) and later the vegetation map of the European ‘Eastern bloc’ countries – with an English 
legend – was printed (GRIBOVA & NEUHÄUSL 1989, printed 1996). 

Further headway was made during discussions of the editorial committee in Vácrátót, Hungary 
(10th-15th October 1983), upon invitation of the Research Institute of the Hungarian Academy of 
Sciences: consensus was achieved on the procedure for naming the mapping units and it was de-
cided to prepare a revised edition of the general legend in the following year. The proposed col-
ours and markings for the mapping units were tested in drafts of numerous national maps and, 
based on the experience so gained, they were subsequently confirmed. Symbols for the occurrence 
of coniferous tree genera (spruce, fir, pine, larch) as admixtures in the tree layer were agreed; alti-
tudinal intervals were characterised by hachures in different directions (colline-submontane = 
diagonally to the right, montane = vertical, subalpine = diagonally to the left). The soil trophy was 
characterised by red and black markings (predominantly hachures), while habitat types, e.g. ther-
mophilous, hygrophilous, psammophytic, halophytic or petrophytic formation types, were indi-
cated using specific markings in different colours. Thanks to the systematic and uniform applica-
tion of these markings, much important information about the mapping units can be taken directly 
from the map. It was also recommended to use symbols for labelling small-sized natural commu-
nities, extrazonal/azonal outposts, relict communities and characteristic complex communities. 

It was further decided to develop two prototype sheets (sheet X and XI) by the year 1985 for the 
central region of Europe – from France to Romania and Bulgaria – and these were presented at the 
22nd General Assembly of the International Union for Biological Sciences (IUBS) in Budapest, 
Hungary in September 1985. A further discussion of the editorial committee was carried out in 
Vácrátót (4th-7th September 1985).4 

During a special symposium on the European Vegetation Map within the framework of the IUBS General Assembly several 
lectures were held: the coordinator of the project, R. Neuhäusl, presented the concept of the map and the results achieved. He 
stressed that the “Vegetation Map of Europe” represented the first concrete result of international co-operation in the area of 
vegetation mapping and that this might also serve as a model for other continents (NEUHÄUSL 1987a, 1987b, 1987c). 

                                                            
4  The inclusion of the project within the sphere of activities of the IUBS in 1982 increased the interest in the 

Vegetation Map of Europe amongst the remaining European countries, particularly in southern Europe and 
Scandinavia, and led to an increase in the number of individuals working on the project. 
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P. Ozenda and U. Bohn explained sheet X which contained a considerable part of Central Europe together with the Alps and 
bordering areas in western, southern and south-east Europe (BOHN & OZENDA 1987). S.A. Gribova and Z.V. Karamyševa 
presented sheet XI which was formulated on the basis of the Russian cartographic school and which is contiguous to the 

eastern edge of map X (GRIBOVA & KARAMYšEVA 1987). This included major parts of the east European lowlands, the Car-

pathian Mountains, Bulgaria and the north coast of the Black Sea. The zonal organisation of the vegetation from north to 
south, from deciduous forest to steppe is clearly visible here, as is the altitudinal organisation (altitudinal belts) in the moun-
tain ranges (Carpathian Mountains, Crimea, western part of the Caucasus). In addition, opportunities for applying the vegeta-
tion map for nature and environmental protection, landscape planning, forestry and education were also pointed out. 

Based on the results presented, the programme committee of the IUBS decided to maintain sup-
port for the project within the scopes of their own research programme. 

During discussions of the editorial committee in Vácrátót, the final organisation of the general 
legend was submitted, discussed and approved (see NEUHÄUSL 1987); it corresponds largely to its 
final format and contains in all 19 primary formations characterised by capital letters from A to U. 
Different editors were responsible for the further subcategorisation of these formations. It was 
then decided to first publish the entire legend in English together with the specimen sheet X 
(however, this remained outstanding). Further, the concepts of, and possibilities for, producing an 
explanatory text were also discussed. Co-ordinators for the individual formations, whose task it 
was to compile teams of authors, were appointed. Before the next session in the CSSR, sample 
texts for the individual mapping units were to be prepared by the formation editors according to 
the agreed organisational scheme. 

The national representatives were to compile a catalogue of features for characterising the map-
ping units in their zones of operation and to submit them by the end of 1986 to the formation edi-
tors. 

As a consequence of the meeting of the editorial committee in Prague (8th-12th June 1987) the 
following results were stressed in the resolution regarding the progress of the work: presentation 
of a new, revised version of the general legend (status as of February 1987), substantial revision 
of sample sheet X, preparation of coloured manuscript maps for sheets III (eastern part), IV, VII 
(eastern part), VIII, XI and XII, and processing of the national maps for Denmark (P. Vester-
gaard), Italy (F. Pedrotti) and Sweden (L. Påhlsson). In addition, the manuscript map for the 
Comecon countries was developed and produced (GRIBOVA & JURKOVSKAJA 1989) and recom-
mended for publication. The first version of the list of plant taxa mentioned in the legend and text 
was also submitted (V.V. Lipatova, Z. Neuhäuslová).5 Sample descriptions of some formations (F. 
Mesophytic, broadleaved deciduous forests and coniferous broadleaved forests – W. Matusz-
kiewicz; S. Peatlands – K. Rybníček; U. Vegetation of floodplains, estuaries and fresh-water pol-
ders and other moist or wet sites – Z. Neuhäuslová) were presented to all the collaborators as 
specimens for the development of explanatory texts for other units of the vegetation map. 

In addition, the topographical features to be included in the vegetation map (water bodies, large 
cities, state boundaries) and the cartographic representation of small-sized mapping units (e.g. as 
symbols) were discussed. 
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The list of editors responsible for processing the individual formations was updated. They were 
asked to seek assistance and prepare texts independently. The text drafts were to be submitted 
before the end of 1988. 

The explanatory text in German was to be published by Gustav Fischer Publishing (Jena) under 
the title “Die natürliche Vegetation Europas” (The Natural Vegetation of Europe). The content 
and scope of this work was crudely defined. It was planned to finish the preparation of the manu-
script in 1989. Results achieved up until then (sample sheets, overall and partial legends) and 
statements regarding the European map project were presented at the 14th International Botanical 
Congress in Berlin in July 1987. 

The meeting of the editorial committee in Warsaw (5th-8th April 1990) combined with the 
Symposium of the International Association for Vegetation Science, which followed the Prague 
discussions after a three-year break and which was arranged upon invitation by Prof. W. Matusz-
kiewicz of the Institute for Geography and Spatial Organization at the Polish Academy of Sci-
ences, made the following headway: updating and completion of the general legend (status as of 
September 1989) on the basis of newly acquired knowledge6, revision of the prototype sheet X on 
the basis of a new detailed map for Yugoslavia (Zupančič, Trinajstič, Puncer and Seliškar); revi-
sion of the national maps for Norway (O. Vevle and R. Elven), Greece (Th. Raus), Spain and Por-
tugal (S. Rivas-Martínez) as well as reconciling discrepancies in border regions. Special emphasis 
was placed on the progress made in producing the coloured version of the eastern European map 
sheets (as a basis for the printed edition of the map for the Warsaw Pact countries) as well as the 
new sheet X. 

The partial map of Central and eastern Europe was printed and published with an English legend in 1996 with financial assis-
tance from UNESCO (GRIBOVA & NEUHÄUSL 1989, printed in 1996). 

The occasion was also used for additional intensive bi- and multilateral consultations. 

At the conclusion of the discussions in Warsaw the following resolutions were passed for pro-
ceeding with the project: 

– The entire legend was to be revised by Neuhäusl and Bohn and then resubmitted in batches to 
the formation managers (by the end of May 1990). 

– The participants confirmed the drafts presented for all 15 maps as integrated contributions for 
the vegetation map of Europe. Contributions were still missing for Great Britain, Ireland, Ice-
land and the European part of Turkey and specialists from those countries had to be recruited 
to the project for its completion. Suggestions were made for solving discrepancies in the border 
areas between Finland and Russia, which then had to be negotiated bilaterally. 

                                                                                                                                                                                          
5  This list was continually updated; another, uncorrected list of nomenclature was submitted during the meet-

ing in Bonn (1992). 
6  The legend has been continuously updated and added to. After production of the 1st complete version in 

1985, further versions were produced in February 1987, March 1988, September 1989 and July 1990. An-
other updated and altered version of the legend was submitted in computer-assisted form in April 1992 in 
Bonn. 
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– Regarding the printing procedure for the map, it was decided to apply the watercolour tech-
nique developed by the Komarov Institute for the entire map. For this reason, the Komarov In-
stitute in St. Petersburg was commissioned to deal with suggestions for colouring and applying 
markings/symbols. The proposed colouring was then to be tested on a general 1:10000000 
map of Europe. U. Bohn, T. K. Jurkovskaja and R. Neuhäusl were entrusted to prepare this 
map, for which the text was to be provided as an appendix (September 1990 was planned as a 
deadline). 

– The structure for the explanatory text to the vegetation map was discussed and those responsi-
ble for the individual chapters and formations were appointed. Data sheets and mapping units 
that were still missing were to be supplied by the appropriate national contributors to the pro-
ject co-ordinating centre in Průhonice before the end of 1990. J. Kondracki and S. Rivas-
Martínez were recruited as authors for additional chapters on the physical geography and bio-
climate of Europe. 

– The formation authors were asked to submit their contributions before the end of March 1991 
to the project co-ordination centre. U. Bohn, R. Neuhäusl and H. Schlüter were responsible for 
the final editing of the text. H. Wagner made himself available for linguistic corrections and 
translations from French and English. The third quarter of 1992 was designated as the final 
date of submission for the print-ready manuscripts. 

– H. Schlüter assumed the task of supervising the printing of the entire work. The Gustav Fischer 
Publishing Company of Jena had already declared itself ready to publish the entire work with 
the financial support of third parties. Possible sponsors who were considered included the 
German Federal Republic, the European Community, international committees as well as pri-
vate sponsors. 

– The next discussions were planned for 1992, and for the first time it would be held in west 
Germany – upon invitation of the Bundesforschungsanstalt für Naturschutz und Land-
schaftsökologie (BFANL, German Federal Agency for Nature Conservation and Landscape 
Ecology) in Bonn-Bad Godesberg. 

R. Neuhäusl presented the classification system for the Vegetation Map of Europe at the sympo-
sium of the International Association for Vegetation Sciences in Uppsala 1989 before it was pub-
lished in Vegetatio (NEUHÄUSL 1990). In addition, a short outline of the developmental history, 
first results and the current status of the project was published in the Journal of Vegetation Sci-
ence (NEUHÄUSL 1991). 
 
The closing stages 

After the sudden death of the coordinator of the project, Robert Neuhäusl, on 25th April 1991, the 
delegation of additional tasks and responsibilities for the project was decided at a meeting of the 
highest level of the editorial committee (U. Bohn, Z. Neuhäuslová, H. Schlüter) in June of the 
same year in Průhonice near Prague. 

The main tasks were split amongst the three European scientific centres in Průhonice, St Peters-



Map of the Natural Vegetation of Europe 1.1 
 

 29  

burg and Bonn, i.e. those centres which had contributed most to the development of the vegetation 
map of Europe. U. Bohn, director of the Institute for Vegetation Studies in the BFANL in Bonn, 
assumed the overall co-ordination of the pan-European project. Together with the Laboratory for 
Phytogeography and Cartography of the Komarov Institute of the Russian Academy of Sciences 
in St. Petersburg he took responsibility for the compilation and processing of all maps at the scale 
of 1:2500000, up to and including the final editing, the final artwork and preparation for printing, 
the colouration and provision of symbols for the entire legend, as well as the processing of the 
1:10000000 general map of the vegetation classification of Europe.. 

The preparation of the explanatory text, notably for eastern Europe, was coordinated by Z. Neu-
häuslová at the Botanical Institute of the ČSAV at Průhonice (now the Institute of Botany of the 
Academy of Sciences of the Czech Republic). At the beginning of 1991, approximately a quarter 
of the manuscripts were prepared in Russian, which then had to be translated into German. 

In preparation for the meeting of the editorial committee in Bonn the new coordinator, U. Bohn, 
submitted a circular in July 1991 to all collaborators detailing the distribution of responsibilities, 
the status of the work and pending tasks. In the autumn of 1991 and the spring of 1992 he organ-
ised further meetings in the Komarov Institute in St. Petersburg (where the colouration, the gen-
eral map, the general legend, the completion of the map sheets and additions to the explanations 
of the mapping units were considered) as well as in Průhonice (for preparing the simplified topo-
graphical 1:2500000 base map and for the distribution of tasks and additional work to be under-
taken). 

The texts that were received up until 1991 and which had been translated into German, as well as 
the explanations of the mapping units, were forwarded by Z. Neuhäuslová to the appropriate for-
mation editors/authors. She also compiled the bibliography and the list of taxa (vascular plants, 
bryophytes, lichens) and syntaxa cited in the texts and data sheets. 

Collaborators from countries that had not participated in the project until that point were recruited 
in the following years: initially from Great Britain and Ireland, and later from Iceland, Portugal, 
Albania, and Turkey. 

At the meeting of the editorial committee in Bonn-Bad Godesberg (4th-6th May 1992), 28 sci-
entists participated from 17 European states. The final stages in the preparation of a unified vege-
tation map of Europe had now been reached. For the first time, the almost complete map at the 
scale of 1:2500000 was presented as a colourful, hand-coloured manuscript map. The sheets for 
Central and eastern Europe were based on a colour scheme proposed by the Laboratory for Phyto-
geography and Cartography of the Komarov-Institute in St. Petersburg; those for western Europe 
had been coloured slightly differently. The maps for Ireland, Great Britain, Iceland, Spitzbergen 
and Turkey were not yet ready. This was the first meeting at which representatives from Great 
Britain and Ireland participated (J. Rodwell, J. Cross). J. Rodwell described his newly created 
vegetation map for Great Britain. 

The discussions about the map mainly concerned the incorporation of high-mountain regions and alvar vegetation into the 
legend, as well as distinctions in colour between tundras and alpine vegetation. The subdivision and tonal differentiation of 
boreal and nemoral pine forests into their own group within formation D parallel to the spruce forests was also recommended. 
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The first draft of the general map at the scale of 1:10000000 and the content of the updated leg-
end were also assessed, whereby some units were regrouped or amalgamated. 

In retrospect it can be said that the early major difficulties and obstacles arising from the varying 
theories and methods employed by the different European schools for vegetation classification 
were successfully overcome. By continuously developing and updating the map legend it was 
possible to classify all syntaxa of the European schools despite differences in their definition and 
ranking (cf. GRIBOVA, KARAMYŠEVA, NEUHÄUSL & JURKOVSKAJA 1988, NEUHÄUSL 1989). 

Special attention was given to the explanatory text to the map, the status of which was discussed 
by Z. Neuhäuslová. By the end of April 1992 more than half of the authors’ manuscripts for the 
mapping units and their supra-ordinated units (primarily from Central and eastern Europe) were 
completed in German. H. Schlüter provided an appraisal of the drafts of the presented texts and 
produced an outline of the nature of the steps to be taken to complete the text volume. The authors 
and editors of the individual chapters and formations then reported on the work already accom-
plished and the gaps that remained to be filled and/or the problems that remained to be solved. 
The descriptions of the mapping units still had a considerable number of deficiencies. 

Z. Neuhäuslová reported on the computerised lists of the literature cited as well as the taxa and 
syntaxa that had been included in the legend and text up to that time, which she continued updat-
ing at the Institute of Botany in Průhonice. Other significant contributions presented examples for 
applying and evaluating the vegetation map. 

At the end of the meeting, deadlines were set for completing the manuscript maps, the general 
legend and the explanatory text, i.e. in the middle and at the end of 1993 respectively. A still unre-
solved problem was the acquisition of financial support for the completion of the map and the 
preparation of the printed version. U. Bohn referred to the application which had been made to the 
EU Commission in Brussels for financial support towards the final map artwork and the comple-
tion of the explanatory texts. The final application was submitted to the European commission 
(DG XI) with the agreement and support of D. Wascher in November 1992. It contained a detailed 
list of the tasks that were to be completed before the end of 1993: artwork for all map sheets suit-
able for digitalisation (1:2500000), the general 1:10000000 and 1:15000000 maps on astralon, 
the coloured manuscript maps, the completed general legend with colours and symbols, completed 
data sheets for all the mapping units, as well as the tasks required to finalise these initiatives, the 
institutions and co-workers who would undertake the work (e.g. the BFANL, the Komarov Insti-
tute in St. Petersburg, the Institute for Geodesy in Zdiby, Institute of Botany in Průhonice, both in 
the Czech republic) and the costs entailed. 

After the discussions in Bonn, further meetings occurred in smaller groups, e.g. in September in 1992 in Pécs (Hungary) 
regarding formation G, in November 1992 in Gembloux (Belgium) regarding the revision and explanation of the vegetation 
map of France by A. Noirfalise, in Salzburg (Austria) in February 1993 with the aim of completing the missing texts for 
formations A-D, G and K by H. Wagner. 

Subsequent to the application made in November 1992 the European Commission made funds 
available from 1993 for the BFANL to prepare the artwork, complete and print the map as well as 
to complete the explanations to the mapping units. This was based on the fact that the map was 
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considered eminently suitable as a reference for the CORINE project of the European Union for 
documenting biotopes of European significance worthy of protection. The map would also pro-
vide an important source of information and reference for European-wide nature conservation (in 
particular at that time for the realisation of FFH guidelines). 

In July 1994 all 15 maps at a scale of 1:2500000 existed as astralon sheets (separated according 
to topography, vegetation boundaries, letter-number codes for the mapping units and symbols for 
the small-sized units) and as hand coloured copies illustrating the topography. Only the general 
map (1:10000000) was still being worked on (planned completion date in autumn 1994). 

The general map of the main vegetation formations (1:15000000, including Turkey) was pre-
pared upon request of the EC for the first environmental report of the European Environment 
Agency (EEA), the so-called Dobříš-Report (1995). 

The draft for the colouring and the symbols of the general legend were also prepared in July 1994 
at the Komarov Institute in St. Petersburg. Using this as a basis, the digitalisation of the complete 
mapping project could be started. 

The scanning and digitalisation tasks were then put out to tender by the BfN (1995) and subse-
quently outsourced. Initially, the 1:15000000 and 1:10000000 general maps as well as 2 sheets 
at a scale of 1:2500000 were digitalised. For the digitalisation of the remaining maps, additional 
funds were applied for from the EC as well as the European Topic Centre for Nature Conservation 
(ETC/NC) in Paris. 

Considerable gaps still remained in the explanatory data sheets to the mapping units, which 
needed to be completed subsequent to bilateral discussions with the national contributors and 
formation editors as well as by evaluating the literature (e.g. for southern France, Spain, Portugal, 
Italy, Hungary, Poland, and for coastal vegetation etc.). A substantial proportion of this work was 
undertaken by Z. Neuhäuslová, while U. Bohn covered the remaining countries. 

Administrative changes in the Bonn co-ordination centre (restructuring of the BFANL to the Bundesamt für Natur-
schutz/BfN) resulted in a considerably increased administrative burden on the co-ordinators, and combined with the efforts 
that were being made there to finish and digitalise all the map sheets, forced the work on the explanatory text to take second 
place. Further, many formation editors were not always able to comply with their obligations because of pressure of other 
work or retirement. Some sadly passed away and the death of Heinrich Wagner at the end of 1993, who had dedicated him-
self with great personal effort to editing the explanatory texts for formations A,C, D and K, represented a particularly hard 
blow. 

In 1995, H. Schlüter submitted a draft for the new version of the contents section of the text volume, which was designed to 
facilitate and speed up work in the closing stages (and which served to simplify and shorten the formation descriptions). 

The completion of the detailed 1:2500000 map and the general 1:10000000 map and the defi-
ciencies and questions remaining open for the processing of the explanatory texts were the main 
reasons underlying a last meeting of the highest ranking members of the editorial committee 
from 4th-7th December 1995 on the Isle of Vilm near Rügen in Germany. It was held upon invita-
tion of the BfN at its branch research station, the ‘International Academy for Nature Conserva-
tion’. 20 scientists participated in this meeting from 14 countries, including a number of new col-
leagues such as P. Heiselmayer of Salzburg (as H. Wagner’s successor), B. Kantarcı of Istanbul 
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and R. Lakušić of Sarajevo. 

For the first time the entire map could be demonstrated by joining together all 15 maps as a uni-
fied hand-coloured layout. This enormous map at a scale of 1:2500000 showed at a glance the 
clear vegetation structure of the continent, as well as considerable differentiation in the fine detail. 
Two of the sheets (nos. 6 and 10) had already been digitalised, as was the more convenient 
1:10000000 general map, of which a first, but still unsatisfactorily, coloured version was distrib-
uted to all participants. The completion of all 15 detailed maps and the highly successful general 
map was warmly welcomed and celebrated as a major advance and a very important result of the 
long-standing co-operation. 

U. Bohn presented the remaining work that needed to be done before the map was printed: digi-
talisation of the remaining maps funded by the European Environmental Agency; further com-
puter-based processing of the digital map data (codes, base colours, symbols) leading to the col-
oured versions; final numbering of the mapping units; designing of a legend overview on a sepa-
rate sheet; preparation of the legend volume with all mapping units organised hierarchically; ra-
tional restructuring of the map without the marginal areas of the Atlantic, Asia and Africa. It was 
agreed that the title of the project would be “Map of the Natural Vegetation of Europe”.  

In addition talks were held and decisions made regarding the publishers of the map and the text volume, finance for printing 
the map, the use of symbols, the formation overviews in a black and white format, the harmonisation of terms, nomenclature 
and literature citations, the standard list of taxa employed and a glossary of specialist terms. General overview geographical 
maps were also planned. 

Corrections or improvements to individual maps were carried out on a bilateral basis; M.D. Kantarcı together with Th. Raus, 
were able to revise the map for the European part of Turkey in this way. Other requirements for corrections in other sub-
regions were also addressed. 

The organisation and editing of the text were the subject of intense discussion and ways to com-
plete the explanatory volume as soon as possible were discussed. The formation descriptions (con-
tent, structure, current state, further progress) as well as the introductory chapters were the main 
points of concern. These were designed to deal only with the organisation of the mapping units 
and were not to include any detailed descriptions. It was planned to describe the mapping units in 
a supplementary volume ‘Data sheets for the mapping units’ in as much detail as possible based 
on a unified scheme, since they contain the most important information regarding the units of the 
vegetation map (this has now been accomplished on the enclosed CD-ROM). 

For the problematic ‘northern’ formations A, B and C, along with parts of western, eastern and southern Europe, P. Heisel-
mayer was recruited on to the editorial committee and the responsibilities for all the other formations were confirmed, up-
dated and revised in detail. In addition, the procedures for doing this were discussed and precisely described. The end of 1996 
was set as a deadline for completing the text manuscript. The title, publisher, citation proposals and steps for protecting copy-
right were agreed. Proposals to forward the map data prior to publication for evaluation by the EEA and its commissioned 
organisations (e.g. ETC/NC) were considered. There were no objections to any independent publication of the national con-
tributions. 

 
Further steps after the Vilm meeting at the end of 1995 (U. Bohn) 

The agreements reached during the meeting on the Isle of Vilm in December 1995 regarding the 
future steps, the time plan and the various collaborators responsible were again sent to all partici-
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pants and collaborators in a circular produced by the Bonn coordinators at the beginning of March 
1996. This circular contained a supplement with information on the new organisation of the text 
volume (with details of the editors and collaborators responsible for the individual chapters and 
formations), a unified structure as a guideline for the formation descriptions, the final structure of 
the data sheets for the synthetic labelling and description of the mapping units, as well as an ex-
ample of an excerpt from the description of the data and mapping principles from each of the par-
ticipating countries. The contents, plans for processing the individual chapters, specific responsi-
bilities of the general editorial committee and staff responsible for preparing subsections were set 
out in detail. It was specifically pointed out that the respective formation editors were directly 
responsible for the creation and final versions of the data sheets for the mapping units (although 
this was unfortunately only adhered to in a few cases, despite the fact that this was to represent the 
basis for the description of all the formations and their subcategorisation, and that this held major 
consequences for the differentiation and delimitation of mapping units from one another). 

A chapter entitled “Examples of the evaluation and application of the vegetation map” with a number of individual contribu-
tions was planned for the explanatory text. Over time, however, it was decided that this subject should be dealt with in more 
detail as it would exceed the scope of the text volume. For this reason a separate symposium was held in 2001 on the Isle of 
Vilm on this subject and the contributions and results were published in a supplementary volume. 

Although many collaborators on the project were inspired with renewed vigour after the Vilm 
meeting, others only fulfilled their task with reluctance, inadequately, or indeed even failed to 
deliver, despite repeated reminders, so that the very tight deadlines set could not be adhered to. In 
some cases chapters and formations even had to be reassigned to other collaborators by the gen-
eral editorial committee: some happily accepted new work, while new collaborators had to be 
found. Ultimately, however, the lion’s share of the work had to be dealt with by Z. Neuhäuslová 
and the co-ordination centre in Bonn. 

In the following years the tasks listed below remained to be fulfilled before the explanatory text 
was printed: 

! Digitalisation, resizing, preparation for print and printing of the map sheets. (Completion: mid 
2000) 

! Updating, completion, final processing and recoding of the map legend with approximately 
700 mapping units (in German and English) as well as the printing of the legend volume with 
an explanatory text. (Completion: end of 2000) 

! Completion of the national data sheets for the approximately 700 mapping units, processing, 
checking and final editing of the synthesis forms; storage of all data sheets on CD-ROM. 
(Completion: end of 2002) 

! Processing of the explanatory texts for the individual chapters and formations of the text vol-
ume. For this purpose new contributions had to be requested, existing contributions had to be 
revised and in many cases updated and converted to a standardised form. (Completion: January 
2003) 

! Entering, checking and compilation of citations for references and maps used for the project 
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(a list referring to both the entire work and the text volume). (Completion: February 2003) 

! Harmonisation of the nomenclature and compilation of a standard list of the plant taxa men-
tioned in the legend, data sheets and the text volume (vascular plants, bryophytes, lichens) with 
clarification of the synonyms. (completion: for the legend volume 2000, for the complete 
work: end of 2002) 

! List and explanation (glossary) of phytogeographical, geological, edaphic, ecological and 
geobotanical terms. (Completion for CD-ROM: end of 2002) 

! Production of digitalised general maps of the physico-geographical, climatic and phyto-
geographical structure of Europe (with appropriate symbols). (Completion: end of 2001) 

! Completion of map excerpts for the individual formations from the general map 1:10000000 
as well as, in certain cases, from the 1:2500000 maps. (Completion: end of 2001) 

! Drawing and digitalisation of black and white illustrations (climate diagrams, relief, vegeta-
tion history of Europe, distribution maps) for the explanatory text. (Completion: end of 2002) 

! Procurement, selection and compilation of representative coloured pictures (slides) of near-
natural vegetation stands for the most important mapping units and their captions. (Comple-
tion: January 2003) 

! Presentation of the map project, the results achieved and examples of its applica-
tion/evaluation at national and international meetings, workshops and symposia. 

! Clarification of the funding for the printing and publication of the map, legend and text vol-
umes. 

The project collaborators were informed at the end of each year about the state of the work and 
the most recent developments or changes in plans in a circular from Bonn, and – if deemed neces-
sary – requested to cooperate more intensively. New deadlines were also set wherever appropri-
ate. Unfortunately, however, not all those from whom essential contributions were still pending 
could be sufficiently motivated. For this reason the centre in Bonn had to tackle much of this work 
itself with the help of the literature, a fact which extended the production time considerably. 

In the following sections the procedures in the final phases are described with regard to the most 
important points listed above. This work was greatly facilitated and accelerated by the possibility 
of exchanging text, data and sections of digitalised maps by e-mail. 
 
Completion and printing of the maps 

Following the 1995 meeting on the Isle of Vilm, the remaining maps were digitalised at a scale of 
1:2500000 with funds from the BfN, Bonn, and with the financial support of the European Envi-
ronmental Agency (EEA) as well as the European Topic Centre for Nature Conservation 
(ETC/NC) in Paris. Subsequently, the number of sheets could be reduced from 15 to 9 sheets (by 
excluding the marginal zones outside the mapping area). 

Additional corrections and updates from individual countries were now incorporated on a digital 
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basis. For states and regions for which new maps existed or which were in the course of prepara-
tion, alterations had to be made to the map, or areas had to be totally replaced with new data. 

Revisions were carried out for Iceland (1997/98), parts of Svalbard/Spitzbergen (1996), east Germany (due to the new map-
ping at state level planned for completion at the end of 1999), the whole of Poland (due to the 1 :300000 map published in 
1995), Czech republic (due to the new 1:500000 map of 1997), corrections and updates for the mires in Fennoscandia and 
Central Europe (after information provided by K. Rybniček 1996), parts of Austria (after information provided by K. Zukrigl 
1997), parts of France (following discussions with J. C. Rameau 1997), parts of Portugal and Spain (by the end of 1999), 
parts of Italy (after discussions with Pedrotti, Spada and Cerabolini 1997 until the start of 2000), Albania (due to the 
1 :500000 revision by Vangjeli and Bohn 1996), European Turkey (after the presentation of B. Kantarcı 1996/97), Estonia 
(after information provided by J. Sultson 1999), parts of Georgia (1997/98 due to new surveys, our own field excursions and 
after agreement with experts in Tbilisi) and the Caspian Basin and lower Volga (on the basis of new surveys by I. Safronova 
et al. and additional checking 1998). 

Larger changes also had to be made to the general 1:10000000 map. Mistakes and inconsisten-
cies discovered during the processing of the legend and the text were rectified as the work pro-
gressed, so that the digital data base was revised on an ongoing basis upto the end of 2002. 

The final colour shades in the maps were determined using digital map data and coloured plots. 
The general 1:10000000 map served in this case as a test map for the colouring, shading and the 
application of different colour intensities/tones. For this reason the general map was also the first 
to be produced. As a final step before printing, further differentiation of the mapping units using 
symbols was undertaken. Because of the number of mapping units and in order to maintain clar-
ity, symbols were used only sparingly and if possible systematically for complexes and certain 
habitat-specific formation types. The letter-number code assigned to each polygon was employed 
to identify the mapping units unambiguously. As a final step in the preparation for printing, the 
BfN reorganised the mapping unit code numbers based on their final order in the general legend. 
H. Weber performed all corrections to the digital data records and the printing preparations as 
carefully as possible. He also prepared the legend sheet to the 1:2500000 map with the overall 
layout of the mapping units, the base colours, the symbols and the bilingual text (in German and 
English). 

The preparation of the print-ready stage was undertaken immediately on the basis of the digital-
ised map data. In order to test the colours and symbols, chromalin proofs were prepared before 
production of the printing plates. The GIS (Geographical Information System) tasks in the BfN 
were completed in April 2000, before the printing of the map was carried out by the Land-
wirtschaftsverlag in Münster-Hiltrup, a company specialising in printing agricultural texts. 
 
Final version and printing of the map legend (with short comments about the project) 

The digitalised general legend in German and English was continuously updated, whereby the 
initial numbering was adhered to right until the end (immediately before printing) and any new 
units were indicated by additional letters of the alphabet. 

In the final stage the titles of the mapping units and the species mentioned in the heading were 
compared with the content of the data sheet (diagnostically important species) and the explanatory 
text, and further geographic or altitudinal designations were checked and, wherever necessary, 
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harmonised. Sometimes the ordering or assignment to subgroups in the legend were altered (espe-
cially in formation G) and on occasion closely related units had to be combined or geographically 
differentiated units had to be subdivided. In a few cases the legend structure and/or the subhead-
ings had to be slightly changed (e.g. for formations B [tundras], G, F, S, T, and U). 

The nomenclature for the plant species listed (vascular plants, bryophytes, lichens) was harmo-
nised (see further below). As a last step, the number coding had to be readjusted according to the 
final order of the mapping units (preservation of the transfer code was important here to enable 
checking and backtracking). 
 
Completion and final editing of the data sheets for the mapping units 

For all the approximately 700 mapping units the standardised data sheets containing the informa-
tion on distribution, species composition, habitat, actual vegetation, state of preservation, typical 
locations etc. had to be completed on the basis of information obtained from each individual coun-
try. However, for extensive units, account also had to be taken of information from other coun-
tries. Here, considerable gaps still existed for individual formations which national representatives 
were asked to fill. The formation editors were responsible for deriving the syntheses from national 
contributions, checking their contents, correcting mistakes and deficiencies and providing a uni-
form standard, since these provided the most important basic information for the mapping units. 
In turn these represented the basis for developing the formation descriptions. This synthesis work 
was undertaken conscientiously and thoroughly only by a few formation editors, so that a large 
part of the work had to be carried out by Z. Neuhäuslová and the project headquarters in Bonn: 
the authors had to be repeatedly reminded and much of the harmonisation and correction of mis-
takes was carried out in the end by employees of the BfN; this work included the evaluation of 
geological maps, soil maps, climate atlases/diagrams, phytogeographical monographs and syntax-
onomic reviews, the assessment of information on distribution and altitude, levels of protection 
and literature citations, as well as the harmonisation of plant names. 

Where information was missing or of inadequate quality, available literature, cited or otherwise, 
was evaluated. Despite these efforts, some questions remained unanswered or could only be 
treated in a general manner. 

Because of the size of the data sheets and their, in part, fragmentary character and in order to fa-
cilitate their further processing, utilisation and evaluation, we decided to store this basic informa-
tion in a user-friendly form on CD-ROM (see attachment). 
 
Processing and final editing of the individual chapters and formation descriptions of the text 
volume 

The structural organisation of the text volume as well as the authors and editors responsible for 
the individual chapters were revised at the meeting at the end of 1995 on the Isle of Vilm. In the 
following years this was revised to a small extent: where appropriate, changes in authors and re-
sponsibilities or removal of chapters (e.g. examples for the evaluation and application of the vege-
tation map, lists of the plant communities mentioned). 
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Some chapters already existed in draft form at the beginning of the 90s, others were still fragmen-
tary or incomplete and had to be completed, while many, particularly the formation descriptions, 
were missing completely. Most formation descriptions did not yet correspond to the new, stan-
dardised structural format and accordingly had to be restructured and revised. The revision and 
final editing was performed as far as possible from the coordination centre in Bonn in close con-
sultation with the responsible authors (sometimes entailing long and intensive consultations). 
Wherever the assigned authors or general editors were no longer available or could not fulfil their 
task, other collaborators had to take on the work, or new collaborators had to be recruited. This 
applied to the following formations: 

With formations A and B, A. Elvebakk of Tromsø took over the processing of the polar deserts and the arctic tundras, which 
also included the Russian explanatory texts; for formation F1 – acidophilous mixed oak forests, J. Pallas of Münster was 
recruited; for F4 – lime pedunculate oak forests – Ms G.N. Ogureeva, Moscow; for formation G – thermophilous mixed 
deciduous broadleaved forests – A. Loidi of Bilbao provided a text for the south-west European forest communities; E. Berg-
meier, Freiburg, played a major role in writing the explanatory text for formation J– Mediterranean sclerophyllous forest and 
scrub – and assumed editorial tasks for formation K, xerophytic coniferous forests. He also supplied a contribution for forma-
tion F.5 – beech forests (for south-east Europe); R. Pott and D. Remy of Hanover were recruited to redraft the text of forma-
tion R – tall reed vegetation and tall sedge swamps, aquatic vegetation. 

Unfortunately, we could not find a replacement for J.-M. Géhu, Bailleul, who was able to provide an explanatory text for 
formation P (coastal vegetation). Therefore, this text (with contributions from O.-D. Ivan), was prepared by C. Hettwer of the 
BfN.  

In many cases U. Bohn had to revise and complete the texts using the literature, explanations to 
the mapping units and his own on-site inspections, which entailed a considerable amount of time 
for the 19 formations and the 7 other chapters. A final proof reading of the chapters in the ex-
planatory volume was undertaken by H. and J. Schlüter of Jena to correct linguistic style and 
spellings. 
 
Compilation of the literature citations 

The list of all publications cited in the data sheets and the text (started by Z. Neuhäuslová) was 
transferred in the BfN, Bonn, to a LITFAS database, provided with ‘descriptors’ (references to the 
corresponding mapping units and text chapters), and continuously updated. The translation of 
foreign-language citations, particularly Russian, as well as checking them for accuracy and com-
pleteness represented a particularly arduous task. 

A separate list of published thematic maps and atlases (vegetation, geology, soils, climate) was 
also created (see list in chapter 5.5). 

Because of its large size and more particularly its close linkage with the data sheets, the entire 
reference list was transferred to the CD-ROM, while the literature cited in the explanatory text 
was included in the text volume. 
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Elaboration of a standard list of scientific plant names 

An alphabetically organised digital list of all the plant names listed in the legend, the data sheets 
and in the explanatory text (vascular plants, bryophytes, lichens), was compiled and continuously 
updated at the BfN in Bonn (based on the list started by Z. Neuhäuslová). 

Using the most recent floral lists for Europe and its sub-regions (e.g. Flora Europaea, Vascular 
Plants of the USSR by CZEREPANOV, Med-Checklist) and following pragmatic principles, 
Th. Raus of Berlin compiled a standard list for the map project and updated it on a continuous 
basis. It contains comparisons of ‘valid’ names and their synonyms used by the different collabo-
rators and approximately 6800 taxa for a total of 20000 entries in the final version. These all had 
to be checked regarding taxonomy and nomenclature (see the contribution of Th. Raus in chapter 
5.1). 

Based on this ‘standard list’, all taxa names in the legend, data sheets and text were harmonised in 
the BfN. For the map legend and the legend book, the entire list had to be completed by the be-
ginning of 2000. After this, other additions were made until the end of 2002 during the course of 
processing the data sheets and the explanatory text. 

The entire list of scientific plant names is now a component of the data records as well as the da-
tabase application on the CD-ROM. 
 
Glossary of technical terms 

A glossary of technical terms occurring in the data sheets and explanatory text that are not under-
standable on their own and which are not often contained in specialist dictionaries, was compiled 
by the BfN on a thematically organised basis. In essence they contain phytogeographical, ecologi-
cal, geological, geomorphological, and edaphic terms referenced to literature sources. Because of 
their close relationship with the legend and the data sheets of the mapping units, they are also 
stored on the CD-ROM and can be easily accessed. In the text volume specialised geobotanical 
and ecological concepts are also included (see chapter 5.4).  
 
Preparation of general maps for the physico-geographical, climatic and phyto-geographical 
classification of Europe 

As additions to chapters 2.1, 2.2 and 2.3 in the section “Fundamentals of the vegetation classifica-
tion of Europe”, black and white general maps (maps 1-3) were prepared in the BfN. They illus-
trate the extent and designations of the geographical and climatic-zonal terms used in the legend, 
the data sheets and the explanatory texts. Published maps, which were sometimes amended (after 
consultation with the authors) or compiled from different documents (as was the case with map 1) 
served as a basis. They exist in digitalised form in the BfN. Printing was carried out on a digital 
basis at the end of 2001, together with the formation extracts (maps 6-20). 
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Preparation of distribution maps for the individual formations (maps 6-20) 

Coloured excerpts from the general 1:10000000 map (maps 6, 7, 9, 13, 14, 16) and from the 
1:2500000 map (maps 10-12, 15, 20) were produced in the BfN, based on digital map data, to 
illustrate the entire ranges of the individual formations and their subcategories. They serve as 
convenient supplements to the explanatory text and were printed in 2001 by the Landwirtschafts-
verlag in Münster, Germany. 
 
Selection, compilation and digitalisation of photographs of representative near-natural vege-
tation stands 

The collaborators on the map project were asked to provide good and representative photographs 
(slides) for the most important mapping units. Pictures were selected in the BfN that were suitable 
for colour prints in the explanatory volume (in all 148 photographs), and others were selected that 
could also be presented in digital form on the CD-ROM planned for 2003. The captions were 
based on information provided by the authors, and their order was based on the sequence of for-
mations presented in the legend and text volume. 
 
Publication and presentation of the map project, results application and evaluation 

From the outset the scientific community has been kept continuously informed about the work and 
progress of the Vegetation Map of Europe, e.g. regarding the 1st international colloquium in 1979 
in Liblice (NEUHÄUSL [Ed.] 1980) and the subsequent meetings and interim results: 

NEUHÄUSL 1982b; BONDEV, NEUHÄUSL et al. 1985; NEUHÄUSL 1987; NEUHÄUSL, BOHN et al. 
1987; GRIBOVA et al. 1988; NEUHÄUSL, BOHN et al. 1990; NEUHÄUSL 1990, 1991; NEUHÄUSLOVÁ 

& BOHN 1993; BOHN 1992, 1995a, 1995b; KARAMYŠEVA et al. 1996; BOHN et al. 2000. 

The concept of the Vegetation Map of Europe and sample sheets (nos. X and XI) were presented 
as preliminary results of our work at international botanical meetings: at the 22nd general meeting 
of the IUBS in September 1985 in Budapest; in July 1987 at the 14th International Botanical Con-
gress in west Berlin in the form of posters produced by R. NEUHÄUSL, U. BOHN, S.A. GRIBOVA, 
W. MATUSZKIEWICZ & P. OZENDA; in 1989 at a symposium of the International Association for 
Vegetation Science in Uppsala (Sweden) as a poster by R. NEUHÄUSL & U. BOHN; as well as at 
the 5th International Ecological Congress in Japan by R. Neuhäusl; at an international special 
meeting on the “Application of phytosociology” in 1991 in Lancaster (Great Britain) in the form 
of a lecture by U. Bohn. 

The entire 1:2500000 map with the general 1:10000000 map, the legend structure and examples 
of its uses were presented from 1994 onwards at their corresponding stage of development at 
various international meetings and symposia. On such occasions additional collaborators could be 
recruited for specific areas, formations and mapping units (e.g. A. Elvebakk (Norway), E. Einars-
son (Iceland), C. J. Pinto Gomes (Portugal), J.-C. Rameau (France), F. Spada and B. Cerabolini 
(Italy). 
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The most important events from 1994 onwards included: 

– The 37th Symposium of the International Association for Vegetation Science (IAVS) on “Large 
Area Vegetation Surveys” in Bailleul (September 1994, BOHN 1995a) 

– Annual international workshops on the subject of the “European Vegetation Survey” in Rome 
(March/April 1995, 1996, 1997, 1998 and 2001); 

– A meeting in Tilburg/Netherlands (July 1995) with a contribution entitled “Vegetation Map of 
Europe as a basis for ecological mapping”; 

– Ökologietag at the Institute for Ecology of the Technical University of Berlin (November 
1995); 

– The 2nd international workshop on the “Circumpolar Arctic Vegetation Mapping Project” in 
Arendal/Norway (May 1996): this was concerned with presenting the concept, the hierarchical 
organisation of the legend and experiences gained from the entire European Map Project 
(BOHN 1996); 

– The 40th IAVS symposium in Ceské Budejovice/Czech Republic (August 1997) on “Vegeta-
tion mapping: scales in space and time and hierarchical vegetation classification”: Here, for the 
first time, the entire map was presented as a completed plot based on digital data, and evalua-
tion maps were presented for formation F and the range and subclassification of beech forests; 

– International “Colloque Phytosociologique” in Camerino/Italy (September 1998). Here, a lec-
ture and poster entitled “Classification and distribution of climax vegetation in Europe – Re-
sults of the international mapping project” were delivered (BOHN 1998 in the conference pro-
ceedings); 

– German nature conservation meeting in Bamberg on “Nature conservation without borders – a 
challenge for Europe” (June 2000). Here the entire map in its printed form was presented and 
pamphlets on the project, with examples of its evaluation in for Germany, were published 
(BOHN et al. 2000); 

– The 43rd Symposium of the International Association for Vegetation Science (IAVS) in Na-
gano/Japan (July 2000) on “Global to local perspectives of Vegetation Science: search for new 
paradigms for the 21st century”: presentation of the entire printed map and a poster on the sub-
ject “Application of the Map of the Natural Vegetation of Europe for Nature Conservation” 
with various examples of its uses and evaluation; 

– An expert colloquium in Halle, Germany (March 2001) on “The Map of the Potential Natural 
Vegetation – Preparation and Application” with presentation of the printed European map and 
evaluation examples; 

– International workshop on the Isle of Vilm/Germany (May 2001) on the subject “Application 
and Evaluation of the Map of the Natural Vegetation of Europe for Nature Conservation and 
Landscape Ecology” (conference proceedings in print). 
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The digitally based coloured map plots and map extracts, as well as the various opportunities pro-
vided for analysis, won much approval and interest and emphasised the need to publish the entire 
work as quickly as possible. 
 
Utilisation of the digital map data  

As soon as the data of the Vegetation Map of Europe became available in digital form (beginning 
with the overview map 1:10 m.), there were numerous requests to make it available for analyses 
and evaluation on a European, national or regional level. The European Topic Centre for Nature 
Conservation (ETC/NC) in Paris was the first to use the map for a spacial, ecological classifica-
tion of Europe combining vegetation and climatic data (Product: Digital DMEER = Digital Map 
of European Ecological Regions, cf. ETC/NC 1997, PAINHO & AUGUSTO 2000, PAINHO 2003). 

Further analyses and evaluation of the map for the ecological mapping of Europe for nature con-
servation purposes and the forestry industry was undertaken in collaboration with the WWF-US, 
WWF-International and FAO. The map was also used in the development of a map for the “Ter-
restrial Ecoregions of the World” (OLSON et al. 2001) and a “Global Ecological Zones Map” 
within the scope of the “Forest Resources Assessment Programme 2000” of the FAO (FAO 2000, 
2001). Here, the broad division of the vegetation map into climate-zonal and regional (phyto-
geographical) superunits was employed to obtain a global overview 

The digital data of the 1:10000000 and 1:2500000 maps has already served as a reference for 
determining gaps and deficiencies in the European network of nature reserves for natural vegeta-
tion types and ecosystems (biosphere reserves, national parks, nature reserves, FFH areas). The 
World Conservation Monitoring Centre (WCMC) in Cambridge, UK, used the digital map data in 
collaboration with WWF-International for a “Gap Analysis of Protected Forest areas in Europe” 
(SMITH & Gillett [Eds.] 2000, with CD-ROM). 

Within the scope of the BEAR project “Indicators for the monitoring and evaluation of forest bio-
diversity in Europe” (with support from EU FAIR), the hierarchically structured general legend 
served as a basis for a European characterisation of forest types and for recording and evaluating 
the biological diversity of forests (cf. LARSSON [Coordinator] 2001). 

An international workshop on the “Application and Evaluation of the European Map” was held in 
May 2001 at the BfN “International Academy for Nature Conservation”, Vilm. 33 contributors 
emphasised the diversity of possibilities for the application of the map in nature and landscape 
conservation (e.g. for ecological mapping, illustrating natural biodiversity, demonstrating the rep-
resentativeness of the natural vegetation in protected zones, facilitating near-natural silviculture, 
and for determining the effects of climatic change). Detailed descriptions of the above mentioned 
projects and other examples of the uses of the map can be found in the conference proceedings 
(BOHN & HETTWER 2003, in print). 

Sections and extracts from the Vegetation Map of Europe have been, and continue to be, pub-
lished in various textbooks, atlases, environmental reports and other national publications (e.g. 
ELLENBERG 1996; BfN: Daten zur Natur 1999, 2002; LIEDKE & MARCINEK [Eds.] 2002; CROSS 
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1998; ZAZANASVILI 2002; HÄRDTLE 2003), or have been used to support arguments for imple-
menting nature conservation projects (e.g. the special national responsibility of Germany for pro-
tecting beech forest ecosystems and establishing national parks for this purpose). 
 
Financing of the printing and publication of the maps, legends and text volumes 

Publication of the atlas was initially planned with the Gustav Fischer Publishing House in Jena. 
This option had to be abandoned after its fusion with the Fischer Publishing House in Stuttgart as 
the programme and priorities of the new company had changed. 

The application to the European Environmental Agency (EEA) for financial support for printing 
the map has so far been unsuccessful due to a lack of funds. However, the EEA has expressed 
great interest in the digital map data and the explanations of the mapping units (in English) and 
has offered to support the publication of the digital data on a CD-ROM at its own cost and to pro-
vide financial support for the translation of the texts into English. In effect the EEA has contrib-
uted indirectly towards the costs of printing the map and the legend through its purchase of 1000 
copies, which have already been distributed to various European/national authorities and institu-
tions. 

The most economical and simplest solution for printing and publishing the entire work proved to 
be its publication as a three-part work, firstly with a German version of the explanatory text, in a 
publication series (the yellow series) of the BfN in Bonn. This has been printed and distributed by 
the Landwirtschaftsverlag in Münster, with the BfN assuming the entire cost of the undertaking. 
6000 copies of the bilingual map and legend have been printed. 

For economic reasons and because of the huge scope of the publication as well as for ease of han-
dling the explanations to the mapping units, the entire reference list, the species lists and the glos-
sary have been made available on CD-ROM. 
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Figure 3: Participants of the excursion through central and southern Italy, June 2002, led by Franco Pedrotti: U. 
Bohn, A. Borhidi, S. Cholod, J. Cross, J. Diduch, N. Doniţǎ, G. Gollub, C. Hettwer, T. Jurkovskaja, 
D.-O. Ivan, H.D. Knapp, N. Kirillovskaja, A. Matuszkiewicz, W. Matuszkiewicz, G. Nachucrišvili, Z. 
Neuhäuslová, G. Ogureeva, L. Påhlsson, Th. Raus, K. Rybníček, I. Safronova, H. Schlüter, J. 
Schlüter, A. Seliškar, V. Vasilevič, K. Zukrigl, M. Zupančič and other. 
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1.2 Raw materials and principles for the map of the natural vegetation of 
Europe 

Zdenka Neuhäuslová & Udo Bohn 

The map of the natural vegetation of Europe presented here is based on cartographic material 
from the individual countries and larger sub-regions of Europe. Existing (national) vegetation 
maps were used that were adapted and brought up to date using a universally applied concept, 
while existing regional maps were combined to form national maps and completed where gaps 
were present. In some cases entirely new vegetation maps had to be created for some countries. 
As a rule, existing map material was resorted to, whether they were maps of the potential natural 
or actual vegetation, site maps or other appropriate thematic maps such as geological, soil or cli-
matic maps. Specific surveys took place selectively and regionally so that any gaps in knowledge 
could be filled or corrections and additions could be made, e.g. in the form of bilateral adjust-
ments in border areas, or following the results of field trips. For a number of countries newer na-
tional maps of the potential natural vegetation have appeared, often inspired by this international 
project, that have been incorporated as far as possible wherever large deviations from the original 
versions were apparent (as was the case with sub-regions of Germany, the Czech Republic, Po-
land, Bulgaria, and Albania). National vegetation maps were compiled either anew or for the very 
first time for Iceland, Ireland, Great Britain, Denmark, Portugal, Yugoslavia, Greece, and the 
European part of Turkey. For other countries only crude general maps were available which were 
refined and more strongly differentiated during the course of the project, so as to establish a 
greater uniformity and adapt them to the generally applied standards. This applied for example to 
France, Norway, Sweden and Finland. Despite this harmonisation, breaches and inconsistencies 
were still apparent between the different countries, attributable to differences in know-how and/or 
mapping methods. This was most apparent between Finland and Russia (Karelia). 

Due to the different modes of documentation, some inaccuracies and uncertainties remained in 
some areas that could only be cleared up by physical mapping of the landscape and on-site inspec-
tion. In a number of countries mapping projects are still running, which may yet provide more 
precise, current and differentiated results (as for example in Germany, Slovenia, Croatia). Brief 
information will now be provided for the different, alphabetically ordered countries regarding the 
most important cartographic principles, and (wherever necessary) the procedures applied for pre-
paring the respective national contributions. A comprehensive list of the most important national, 
supraregional and ‘continental’ vegetation maps can be found in chapter 5.5. Even more compre-
hensive lists and bibliographies are contained within the “Excerpta Botanica”, Section B (Soci-
ologica), KÜCHLER (1966) as well as in KÜCHLER & ZONNEVELD (1988). 

Albania: Information about the vegetation maps published up until 1960 is provided in the bibli-
ography of E. SCHMID in KÜCHLER (1966: 24-26). In addition to the map of the forest belts of 
Albania scaled at 1:1000000 (MARKGRAF 1949), the maps of GLAVAČ (1968), NIKLFELD (1973) 
and of neighbouring Yugoslavia (FUKAREK et al. 1989) also served as a basis for the new vegeta-
tion map of Albania. In collaboration with U. Bohn and J. Vangjeli the first draft was revised on 
the basis of an undetailed map of the current vegetation of Albania published in 1996 (VANGJELI 
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& BOHN 1996: manuscript map 1:500000). It should be stated, however, that this map still con-
tains numerous points of uncertainty. 

Austria: A bibliography of the vegetation maps of Austria was published by H. WAGNER in 
KÜCHLER (1966: 28-59). He is also author of the first map of the phytogeographical division of 
Austria and the map of the planting areas of Austrian forests 1:1450000 (WAGNER 1956) as well 
as the maps of natural vegetation at scales of 1:500000 (WAGNER 1961: 261) and 1:1000000 in 
the Austrian atlas (1971). H. Wagner supplied the national contribution to the map of the EC and 
Council of Europe states as well as for the 1:2500000 European map which was based on the 
1:1000000 map. These maps were modified in some areas according to information provided by 
K. Zukrigl. 

Other important maps for the project include the 1:100000 map of the real vegetation of Tyrol by 
SCHIECHTL et al. (1967-1988) and attached maps published in MAYER et al. (1971): forests and 
vegetation areas in Austria, MAYER (1974): forests of the eastern Alpine region, and ZUKRIGL 
(1973): forest communities at the eastern margin of the Alps. 

Belgium: The manuscript map originates from A. Noirfalise. It was constructed on the basis of 
large-scale maps and good field knowledge. From the mapping centre in Gembloux (Centre de 
Cartographie Phytosociologique, formerly the Institute pour l'Encouragement de Recherche Sci-
entifique dans l'Industrie et l'Agriculture) large areas of Belgium were mapped at a scale of 
1:20000 (maps published between 1954 and 1969). In addition, a 1:2800000 map of the main 
forest communities of Belgium also exists (NOIRFALISE et al. 1953). A. Noirfalise was substan-
tially involved in preparing the 1st edition of the 1:3000000 vegetation map of the Council of 
Europe states (OZENDA et al. 1979) and was the main co-ordinator of the 2nd edition of this map 
(NOIRFALISE 1987). 

Bulgaria: An overview of the development of vegetation mapping in Bulgaria can be found in 
BONDEV (1991), and an initial bibliography of the vegetation maps has been published in 
KÜCHLER (1966: 149-151). The first large-scale vegetation maps featured a phytogeographical 
content (ADAMOVIČ 1909a, 1909b, STOJANOV 1950). An important step was the preparation of a 
map of Bulgarian forests in 1939 at a scale of 1:200000 with 12 mapping units (MUs). 

The systematic vegetation mapping and geobotanical research of the country began in 1961. It 
was inspired by the publication of the 1:200000 soil map and the 1:500000 geological map as 
well as the preparation of a new forest map at a scale of 1:200000. An important basis for the 
European mapping project was the 1:1000000 vegetation map in the Atlas of Bulgaria (BONDEV 
1973) as well as the 1:1500000 map of the forest stands with 40 MUs (BONDEV & JORDANOV 
1973). The 1:1000000 vegetation map compares the current vegetation with the natural vegeta-
tion and contains 73 MUs, of which 41 MUs pertain to the natural vegetation. In 1980 in the mili-
tary atlas of N.R. Bulgaria, a vegetation map was published with 33 MUs (BONDEV 1980). This 
was a map of the potential natural vegetation extended to include the most widely distributed 
types of secondary vegetation. A more detailed vegetation map of Bulgaria (1:600000) was pub-
lished by BONDEV 1991; it contained 150 MUs of the potential natural and actual vegetation (with 
indications on the natural vegetation). On this basis the manuscript map for the European map of 
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Bondev was updated in 1993 by U. Bohn in collaboration with Th. Raus before it was approved 
again in consultation with I. Bondev. 

Czech Republic: Preparatory work for a vegetation map of the Bohemian countries was carried 
out in 1947 (HEJNÝ 1963), but the continuous vegetation mapping began only in 1954 under the 
directorship of R. Mikyška with the establishment of the Geobotanical Laboratory of the Czecho-
slovak Academy of Sciences (ČSAV) in Průhonice and its outpost in Brno. The result of the col-
laboration between these two institutions and with colleagues working in forest research was the 
comprehensive mapping of the territory of the Czech Republic on topographical maps at scales of 
1:25000 and 1:50000 as well as their synthesis on maps sheets at a scale of 1:75000. These were 
then generalised to 21 maps at a scale of 1:200000 with 19 MUs that corresponded in general to 
alliances or suballiances of the Braun-Blanquet school (MIKYŠKA et al. 1968-1972). A map of the 
reconstructed natural vegetation of the ČSSR (1:1000000) was then derived from these maps 
(MORAVEC & NEUHÄUSL 1976). R. Neuhäusl formulated the national contribution to the vegeta-
tion map of Europe on the basis of this document, although border areas with Germany still 
needed to be adjusted. The current edition is based on the new map of the potential natural vegeta-
tion of the Czech Republic of 1997 (NEUHÄUSLOVÁ & MORAVEC 1997) with 50 MUs that was 
incorporated into the already digitalised map of Europe in 1998 by the BfN. 

Denmark: Information about published maps of large and medium scale is provided in the bibli-
ography of HANSEN in KÜCHLER (1966: 173-175). A draft of a map of the natural vegetation of 
Denmark was developed for the European map by P. Vestergaard together with K. Hansen. 

Finland: Information about the vegetation mapping in Finland is contained in papers by LINKOLA 
(1941), AHTI et al. (1968) and the bibliography of A. KALELA in KÜCHLER (1966: 176-214). Most 
citations refer to large-scale maps. In small-scale maps the forest vegetation zones (KALELA 1958, 
1961), the most frequent forest types (ILVESSALO 1930, 1960), the polar forest and tree lines 
(HEIKINHEIMO 1921, reprint 1948) as well as peat bogs (AARIO 1933, AUER 1936, RUUHIJÄRVI 
1960) are depicted. L. Hämet-Ahti and K. Toivonen drafted the manuscript map for the vegetation 
map of Europe and harmonised it with the Russian map. Later on, different types of mire regions 
were also included. 

France: France occupies a leading role in the vegetation mapping of Europe. Three mapping cen-
tres have played an authoritative part in this respect: that founded by H. Gaussen which was led 
after his retirement by P. Rey, i.e. the “Service de la carte de la végétation de la France au 
1:200000” in Toulouse, the “Service de la carte des groupements végétaux de la France au 
1:20000” founded by L. Emberger in Montpellier, and the “Laboratoire de Biologie végétale” in 
Grenoble, which has primarily been involved in the mapping of Alpine and mountain vegetation. 
The latter was directed by P. Ozenda, one of the initiators of the Vegetation Map of Europe pro-
ject and the main editor of the 1st vegetation map of the Council of Europe states (1:3000000) 
(OZENDA et al.1979). 

Between 1947 and 1992 the centre in Toulouse carried out the comprehensive mapping of the real 
vegetation of France at a scale of 1:200000 (sheets 2-81), in which many renowned French 
geobotanists participated. Gaussen’s maps show above all (and in a very detailed manner) the real 
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vegetation (the main tree species in forests); auxiliary maps (1:1000000) depict the natural vege-
tation as well as the environmental conditions (relief, soils, climate, land use). GAUSSEN & REY 
compiled the first bibliography of French vegetation maps in KÜCHLER (1966: 215-259). Papers 
on vegetation mapping have also been published on an ongoing basis in the journal “Excerpta 
botanica”, section B (Sociologica) within the framework of the “Bibliographia Phytosociologica 
Gallia”. 

Small-scale general maps of the whole of France were first published during the 1930s and 1940s: 
e.g. the map of the vegetation belts and zones at a scale of 1:4000000 with 45 MUs (FLAHAULT 
1938), and the 1:1000000 vegetation map of France with 41 MUs (GAUSSEN 1945). A very crude 
general map (1:3000000) of the natural vegetation was submitted by Ozenda for the 1st edition of 
the vegetation map of the Council of Europe states (OZENDA et al. 1979). This map was then re-
fined for the 2nd edition of the western European map according to the suggestions of Noirfalise, 
Bohn and Neuhäusl and using the available regional maps and maps of the real vegetation (OZ-

ENDA & LUCAS 1986, NOIRFALISE 1987). 

For the pan-European vegetation map, large areas outside the Alps, Pyrenees and the Massif Cen-
tral were still inadequately differentiated and differed quite clearly from those supplied for Central 
Europe. As a result, France was entirely reprocessed using the 1:200000 maps, their auxiliary 
maps (for natural vegetation, soils and climate) and regional maps by U. Bohn (1993/1994), and 
subsequently J.-C. Rameau was consulted for problematic areas (as far as was possible). As a 
result of this revision, the potential beech forest area was expanded quite considerably into the 
lowlands of France (and probably inadequately so). The map is still riven with many uncertainties 
and the landscape requires checking in many locations by local experts. 

Germany: The mapping documents for the area of Germany are very numerous and diverse and 
are as such witnesses to the long and great tradition of vegetation mapping in this country. 

Pioneers of vegetation mapping in Germany were K. Hueck, R. Tüxen and A. Scamoni. K. Hueck 
developed the mapping procedures in the 30s (HUECK 1930, 1932, 1933) and prepared the first 
general maps of the natural vegetation of Germany and Central Europe (HUECK 1935, 1937a, 
1937b, 1943). In 1956 Tüxen drafted a concept for the mapping of the potential natural vegetation 
and in 1959 he organised an international symposium on vegetation mapping held in Stolzenau 
(TÜXEN 1956, 1963). Under his leadership the systematic mapping of the potential natural vegeta-
tion (PNV) of Germany at a scale of 1:25000 was begun, which in the 60s and 70s became the 
main area of activity of the Department of Vegetation Science in the newly founded Bundesanstalt 
für Vegetationskunde, Naturschutz und Landschaftspflege (later the BFANL, and now the BfN) in 
Bonn-Bad Godesberg. 

The results were published as 1:200000 maps, i.e. sheets Minden (TRAUTMANN 1966), Cologne 
(TRAUTMANN 1973), Hamburg-West (KRAUSE & SCHRÖDER 1979), and Fulda (BOHN 1981, 1996). 

In addition to the local sheets at scales of 1:25000 and 1:50000, regional and state maps of the 
PNV appeared in the 60s and particularly the 70s in Germany at scales of 1:200000 to 1:500000 
and 1:900000: Bavaria (SEIBERT 1968), North Rhine-Westphalia (TRAUTMANN 1972), Baden-
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Württemberg (MÜLLER & OBERDORFER 1974), Lower Saxony (PREISING 1978), Schleswig-
Holstein (MEISEL 1979), Middle Franconia (HOHENESTER 1978), Rhineland-Palatinate (WAHL 

1990). Based on these regional maps the national 1:3000000 and 1:2500000 maps for West 
Germany were compiled by W. Trautmann, U. Bohn and L. Schröder. 

Before the work on the vegetation map of Europe was started the following small-scaled vegeta-
tion maps existed for East Germany, mostly in atlases of the former GDR: map of plant communi-
ties 1:1000000 (HUECK 1953), map of the natural vegetation of the GDR 1:1000000 (SCAMONI 

et al. 1958), vegetation map of the GDR 1:500000 with explanations (SCAMONI 1964). The most 
recent national map at the scale of 1:750000 was in fact the basis and illustrative model for the 
European map (altitudinal belts, geographical variants) (SCAMONI et al. 1977). 

The partial maps of the potential natural vegetation for the vegetation map of Europe were com-
piled by A. Scamoni and H. Schlüter for East Germany and U. Bohn and W. Trautmann for West 
Germany. Corrections were carried out later in both areas on the basis of new findings and map-
ping results. 

Greece: The first bibliography of the vegetation maps of Greece was compiled by E. SCHMID (in 
KÜCHLER 1966: 369-371). Further documents are listed in the book of HORVAT et al. (1974). For 
the European project, the following small- and medium-scale maps were available for the compi-
lation of the vegetation map of Greece: the map of the distribution of forests on the Peloponnese 
at a scale of 1:2250000 (ROTHMALER 1943), the forest map of Greece 1:1000000 (MINISTRY OF 

AGRICULTURE 1947), the map of the growth zones of Cephalonia 1:357000 (KNAPP 1964) and 
above all the vegetation map of Greece 1:1000000 (MAVROMMATIS 1978). Further information 
was obtained from the map of the vegetation zones of south-east Europe 1:3000000 (GLAVAČ 

1968 in HORVAT et al. 1974), the map of the Danube countries 1:2000000 (NIKLFELD 1973) and 
the map of the potential vegetation of the eastern Mediterranean region 1:2500000 (QUÉZEL & 
BARBÉRO 1985). The manuscript map for the vegetation map of Europe was drafted by Th. Raus 
and E. Bergmeier using these documents and own field knowledge. It represents a clear improve-
ment and a more detailed treatment compared to the 1:3000000 map of the EC and the Council of 
Europe states (NOIRFALISE 1987). 

Great Britain: The bibliography of the vegetation maps in KÜCHLER (1966: 89-148) originates 
from F.A. Barnes. The majority of the British vegetation maps are large-scaled. Amongst the 
small- or middle-scale maps the map of grasslands in Wales 1940 (BOWEN 1957), that of England 
and Wales (STAPLEDON & DAVIES 1945) as well as the map of the mire vegetation of Scotland 
(STAMP & GEDDES 1948) can be mentioned. STRAKA (1949) presented a map of the reconstructed 
natural vegetation of the British Isles at a scale of 1:6300000 with 8 MUs. 

For the contribution to the vegetation map of Europe, the maps of the current and reconstructed 
forest vegetation of Scotland 1:640000 (MCVEAN & RATCLIFFE 1962a, 1962b) as well as the 
draft for the 1:3000000 Council of Europe map of the United Kingdom by D.A. Goode were 
important starting points. Using up-to-date grid distribution maps of the plant communities of the 
British Isles (RODWELL 1991) and maps of habitat factors (topography, geology, soils, mires, cli-
mate), J. Rodwell in 1992 prepared a new and better differentiated map of the potential natural 
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vegetation for Great Britain. 

Hungary: Information regarding vegetation mapping in Hungary can be found in bibliographies 
and publications of SOÓ (1954, 1960, 1962), HORVÁT (in KÜCHLER, 1966: 372-396) and FEKETE 
(1980). A continuous vegetation mapping programme started in the 50s with large-scaled maps, 
which were usually only available as manuscript maps. From 1957, many maps were published 
together with monographs under the title “The Vegetation of Hungarian Landscapes” (e.g. SIMON 
1957, PÓCS et al. 1958). 

Newer general maps appeared in the 1960s and 70s (SOÓ 1962, ZÓLYOMI 1973). BORHIDI (1961) 
produced a climatic-zonal vegetation map based on the climate diagrams of WALTER & LIETH 
(1967). Up to the end of the 70s, Jakucs worked on a vegetation map of the eastern part of Hun-
gary (up to the Danube) at a scale of 1:200000 with 40 MUs. The most important basis for the 
national contribution to the vegetation map of Europe was the map of the natural vegetation cover 
of Hungary 1:1500000 with 23 MUs (ZÓLYOMI 1967, 1981) that was incorporated into the na-
tional atlas of Hungary. The manuscript map for the vegetation map of Europe was supplied by A. 
Borhidi. 

Iceland: The bibliography of the vegetation map of Iceland in KÜCHLER (1966: 397-399) origi-
nates from I. Thorsteinsson. Vegetation mapping here experienced a significant upturn in the six-
ties, when a number of sheets of the vegetation map of Iceland were published at a scale of 
1:40000 (AGRICULT. RESEARCH INSTITUTE 1966). The author of the very crude natural vegetation 
map for the map of the Council of Europe states was E. Einarsson. 

Since Einarsson did not participate initially in the pan-European map project, U. Bohn prepared a 
new, more detailed version using published maps of the natural and real vegetation of Iceland by 
GLAWION (1985). This was submitted to Einarsson in 1996 (after the meeting at the workshop in 
Arendal, Norway) for checking and correction. On the basis of their mapping documents, Einars-
son and coworkers produced a digitalised and highly differentiated newer version which first ar-
rived at the BfN in mid 1997 (EINARSSON et al. 1997). Because of its fine detail it was necessary 
to generalise it again for the European map and adapt it to the topography. The digitalised version 
was finished in mid 1998 and could then be integrated into the European map instead of the 
GLAWION map. 

Ireland: J.J. Moore was the author of the national contribution for the vegetation map of the EC 
and Council of Europe states published in 1979 and 1987. During his stay in Bonn (1992-93), 
J.Cross in collaboration with U. Bohn produced a completely new draft for this vegetation map 
that was based on habitat factor maps (topography, geology, soils, mires, climate) and local expert 
knowledge as well as publications on the distribution of natural plant communities and their habi-
tat characteristics. The digitalised partial map of Ireland has already been published (CROSS 
1998). 

Italy: Vegetation mapping in Italy is very well developed and extends back to the middle of the 
19th century. The bibliography of the vegetation maps in KÜCHLER (1966: 400-420) was com-
piled by V. Giacomini. 
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The first small-scale general maps 1:5000000 for the whole of Italy were compiled by FIORI 
(1908) and BÉGUINOT (1933), the map of the vegetation formations 1:2500000 by FIORI (1939), a 
map of the real vegetation of Italy 1:1000000 by FENAROLI (1970), a map of the forest vegetation 
1:2000000 by TOMASELLI (1973). PEDROTTI compiled newer overviews of the vegetation maps 
of Italy (1988, 1993). The contribution for the map of the EC and Council of Europe states is 
based on the 1:1000000 and 1:2500000 maps of TOMASELLI (1970, 1974). For the European 
map, F. Pedrotti drafted a new and more differentiated map 1:1500000 of the potential natural 
vegetation (PEDROTTI 1993). This was then regionally complemented and improved using litera-
ture references (especially the 1:1000000 map of the real vegetation of 1991), with the help of 
local experts (e.g. F. Spada, B. Cerabolini) and excursions by U. Bohn and F. Pedrotti in Central 
Italy. 

Luxembourg: J. SCHMITHÜSEN (1940) was the author of the 1st vegetation map of Luxembourg 
that depicted the vegetation zones at a scale of 1:675000. The contribution for the vegetation map 
of Europe was supplied by A. Noirfalise, who also prepared the bibliography of the vegetation 
maps in KÜCHLER (1966: 421-422). 

Netherlands: Bibliographies of the vegetation maps were published by WESTHOFF (1954, 1961), 
WESTHOFF, BERGMAN & REIJNDERS in KÜCHLER (1966: 423-445) as well as by DOING & VAN DER 

WERF (1962). 

The authors of the map of the potential natural vegetation of Holland at the scale of 1:200000 
were KALKHOVEN, STUMPEL & STUMPEL-RIENKS (1976). In addition, J. Kalkhoven produced the 
manuscript maps for the map of the EC and Council of Europe states (1:3000000) as well as for 
the vegetation map of Europe (1:2500000). 

Norway: From about 1970 mapping proceeded at a great pace in Norway: by O. Hesjedal and 
coworkers at the “Norwegian Institute of Land Inventory” (NIJOS), by E. Dahl of the “Norges 
Landbrukshogskole” and by A. Moen at the University of Trondheim. 

Lists of the vegetation maps of Norway can be found in VEVLE (1976-1981) and BALLE (1990-
1995); these are mostly large-scale maps (1:10000 - 1:20000). The author of the still very crude 
manuscript map of Norway for the map of the EC and Council of Europe states is E. Dahl. The 
1:1500000 map of vegetation regions by DAHL et al. (1986), which was further refined by O. 
Vevle and R. Elven, formed the basis for the national contribution of Norway to the vegetation 
map of Europe.. 

The 1:1000000 map of the vegetation regions from BRATTBAKK (1986) formed the basis for 
Svalbard and the island of Jan Mayen. It was then reduced in size, generalised and adapted to the 
topography of the European map by U. Bohn. Corrections to the original map were then made 
(1996) following contributions from I. Zonneveld (Edgeøya Island) and A. Elvebakk. 

Poland: The first vegetation map of Poland dates back to the year 1905. Since about 1940 work 
began on the newly conceptualised national Polish vegetation map. Phytocoenotic mapping de-
veloped primarily in three centres: in Cracow (Botanical Institutes of the University and the Polish 
Academy of Sciences) under the leadership of W. Szafer and A. Pawlowski, in Poznan (Institute 
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for Systematic Botany and Phytogeography) under the leadership of Czubińsky, and in Warsaw 
(Laboratory of Forest Phytocoenology of the Botanical Institute of the Polish Academy of Sci-
ences) under the leadership of W. Matuszkiewicz. At that point there was already a general map 
for Central Europe produced by HUECK (1937b) at a scale of 1:3000000 that covered the greater 
part of contemporary Poland. A first experiment for the mapping of Poland in its entirety was the 
map of the vegetation areas, a schematic representation of the potential natural vegetation of Po-
land at a scale of 1:8000000, in the geographic atlas of Poland (MOTYKA 1952), later followed by 
the map of the natural vegetation landscapes (1:5000000) of MEDWECKA-KORNAŚ (1966) in the 
geographic atlas of Poland. 

In 1970 the research project “General map of the potential natural vegetation of Poland, scale 
1:300000” started under the leadership of W. Matuszkiewicz. The map was published in 12 
sheets in 1995 (MATUSZKIEWICZ et al. 1995). The maps for the potential natural vegetation of the 
Masurian Lakeland at scales of 1:200000, 1:300000 and 1:500000 (FALIŃSKI 1971) can be con-
sidered as model and experimental maps. W. MATUSZKIEWICZ (1979, 1980, 1982) reported on 
how the mapping was carried out. The main collaborators were W. and J. Matuszkiewicz, T. Wo-
jterski, J. and A. Kornaš as well as J. Faliński. 

In 1984, W. Matuszkiewicz published a general map at a scale of 1:2000000 by reducing and 
generalising the original sheets. The general map 1:2000000 as well as its simplified version 
were at first incorporated into the vegetation map of Europe. However, after the 1:300000 map 
was published the entire map of Poland was re-compiled by U. Bohn using this as a basis and 
incorporated by H. Weber into the already digitalised general map. The published vegetation 
maps of Poland are listed in special bibliographies by A. MATUSZKIEWICZ (1961, 1974 - 1975, 
1986). 

Portugal: Information relating to the vegetation maps of Portugal is provided by A.N. TELES in 
KÜCHLER (1966: 458-466). Amongst the older phytogeographical maps are the forest map 
1:3600000 of GAUSSEN (1940), the small-scale maps (1:1500000 and 1:2500000) of GIRÃO DE 

ARMORIN (1941, 1950), the 1:500000 ecological map of Portugal (ALBUQUERQUE & DE PINA 

MANIQUE 1952) as well as the 1:3500000 map of the climax vegetation of Portugal (BRAUN-
BLANQUET et al. 1956). The national contribution for the map of the EC and Council of Europe 
states was supplied by J. Malato-Beliz. For the vegetation map of Europe, S. Rivas-Martínez and 
C. J. Pinto Gomes provided a new and more highly differentiated version. 

Romania: Vegetation mapping has a long tradition in Romania. IVAN et al. (1993) have provided 
detailed information about its history. The first vegetation map of Romania of A. Procopianu-
Procopovici at the scale of 1:3300000 was published as early as 1902 in a book by Murgoci. This 
map was very advanced for its time and included the fundamental units of the zonal vegetation. 
RUSESCU (1906/1907) edited the 2nd edition. In 1910 P. Enculescu submitted a new vegetation 
map of Romania, that was published together with its explanatory text already in 1924. This map 
at a scale of 1:1500000 contained vegetation belts and subzones; a new general Romanian map 
was supplied by the same author in 1938 at a scale of 1:1500000, while in 1940 T. Savulescu 
published a map of the climax complexes and climax regions of Romania. A map of the vegeta-
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tion zones and belts of Romania was published by PETCUŢ (1955). 

The vegetation maps of DONI⇔|, LEANDRU & PU∏CARU-SOROCEANU (1960, 1961) at scales of 
1:1500000 and 1:500000 are very detailed and include units of the primary and secondary vege-
tation. Between 1970 and 1980 two more vegetation maps were published: the map of 
ERB|NESCU, BABACA & DRAGU (1975) was the result of more than twenty years of work. In the 
map of DONI⇔| & ROMAN (1976) published in the Atlas of the RSR, the mapping units are char-
acterised by basis associations. For the vegetation map of Europe a new vegetation map at a scale 
of 1:2500000 and 50 MUs was prepared and published (DONI⇔| et al. 1985). The explanatory 
text for this map appeared initially in Romanian (DONI⇔| et al. 1992); while its French translation 
was published together with the map in “Braun-Blanquetia” (IVAN et al. 1993). 

Russia and the former USSR: see at the end of this chapter 

Slovakia: The bibliography of the vegetation maps for Slovakia is contained in the list of vegeta-
tion maps for Czechoslovakia (KRIPPELLOVÁ & NEUHÄUSL 1963, NEUHÄUSL in KÜCHLER 1966, 
NEUHÄUSL & NEUHÄUSLOVÁ-NOVOTNÁ 1972a, NEUHÄUSLOVÁ-NOVOTNÁ & NEUHÄUSL 1982). A 
continuous vegetation mapping programme for Slovakia, for which both Slovak and Czech 
geobotanists participated, started at the beginning of the 1960s. The mapping concept for deter-
mining the reconstructed natural vegetation was determined in 1961 in a workshop meeting 
(Ružička 1961). Maps at scales of 1:25000 and 1:50000 were used for the survey. The legend of 
the map for Slovakia contains 41 MUs. The results of this collaboration were published in 1986 
with a Slovakian legend and in 1987 with an English legend at a scale of 1:200000 (MICHALKO et 
al. 1986, 1987; 12 map sheets, explanatory text). Small-scaled general maps for Slovakia are con-
tained in the National Atlas of the CSSR (MAZÚR 1980), i.e. the map of the potential natural vege-
tation 1:500000 (MICHALKO et al. 1979), the map of the distribution of scrub communities 
1:1000000 (JURKO 1980), the map of the potential natural vegetation of the Záhorská nížina low-
land 1:100000 (MICHALKO and PLESNÍK 1980), and the map of the potential natural vegetation of 
the Turčian basin (MAGIC 1980). In addition, the map of the reconstructed vegetation of the east 
Slovakian lowlands and their surroundings (1:250000) is mentioned (BERTA 1972). The national 
contribution of Slovakia for the vegetation map of Europe was developed by J. Michalko and Š. 
Maglocký on the basis of the 1: 500000 general map. 

Slovenia: Regarding the mapping of forest vegetation, Slovenia is one of the leading countries in 
Central Europe. Its entire territory has been mapped at a scale of 1:50000, while major parts of 
the wooded areas, in conjunction with silvicultural purposes, have been mapped at 1:10000. The 
forest mapping was carried out mainly by the Biological Institute of the Research Centre of the 
Slovenian Academy of Sciences and Arts in Ljubliana within the scope of the project for prepar-
ing a vegetation map for Yugoslavia. A. Seliškar created on the basis of the 1:50000 map sheets a 
1:250000 map from which the new 1:400000 general map of the forest communities of Slovenia 
(MARINČEK & ČARNI 2002) was drafted. This map exists in digitalised format, but has not yet 
been incorporated in the vegetation map of Europe. 
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Spain: An overview of the older published vegetation maps of Spain is provided in the bibliogra-
phy of E. GALIANO in KÜCHLER (1966: 490-503). Here, middle- and small-scaled maps predomi-
nate. Since the 1950s a range of important basis maps appeared that served towards preparing a 
national map for Spain. The maps of the vegetation zones of Catalonia 1:1500000 and 
1:1400000 (BOLÓS 1957, 1960), the vegetation maps of the provinces Barcelona, Jaén, Badajoz, 
Sevilla, and Soria (KÜCHLER 1966) number amongst these. In 1965 the forest atlas of Spain (CE-

BALLOS et al. 1965), and in 1968 a map of the vegetation of the Sierra Nevada (VALLE TENDERO 

1985) was published. In 1987 S. Rivas-Martínez published a comprehensive series of vegetation 
maps for Spain at the scale of 1:400000 with an extensive explanatory text. This publication 
represents the most up to date knowledge about the natural vegetation of Spain, its relationship to 
its habitat (especially regarding climate and soils), and its anthropogenic modification (RIVAS-
MARTÍNEZ 1987). 

On the basis of this middle-scale series of maps, the BFANL (today the BfN) produced a draft 
(1:2500000) for incorporation into the vegetation map of Europe by size reduction, generalisation 
and topographical integration. This was then agreed upon bilaterally by U. Bohn and S. Rivas-
Martínez with regard to the delimitation and designation of the MUs, and was also corrected, 
completed and incorporated into the overall map in the same way. 

Sweden: A bibliography of vegetation maps can be found in KÜCHLER (1966: 504-513). In this it 
was the mire vegetation that was usually depicted at a large scale. The maps of the forest areas of 
Sweden at 1:10000000 (BOLIN in RUBNER & REINHOLD 1953) and 1:19600000 (TATEWAKI 
1958) with in each case 5 MUs only present crude basic information. The most detailed and in-
formative are the 1:100000 Fjaell maps which exist for the entire mountain range (NATUR-

GEOGRAFISKA INSTITUTIONEN, STOCKHOLMS UNIVERSITET (Ed.) 1976-1985). Sweden’s contribu-
tion for the vegetation map of Europe originates from L. Påhlsson. Although structured quite 
crudely, it is considerably better differentiated than the 1:3000000 vegetation map of the EC and 
Council of Europe states. 

Switzerland: ELLENBERG & STUDER compiled a bibliography of vegetation maps in KÜCHLER 
(1966: 514-545), within which large-scale maps predominate. The small- and medium-scale vege-
tation maps of SCHMID (1939), ETTER (1949) and LÜDI (1948) served as a basis for the contribu-
tion to the vegetation map of Europe. Even today the vegetation map of Switzerland by E. SCHMID 
(1940, 1944-1950) is still greatly valued. It consists of 4 sheets at a scale of 1: 200000. The high-
est-ranking mapping units are vegetation belts, within which the natural plant communities or 
formations and their substitute communities are represented in a uniform basic colour but with 
different markings. This map served as a basis for the vegetation map of the Council of Europe 
states. The national manuscript map for the vegetation map of Europe was drafted by O. Hegg, 
and was later modified somewhat on the basis of newer documents (e.g. HEGG et al. 1993). 

Turkey: The general maps of GLAVAČ (1968), NIKLFELD (1973) and QUÉZEL & BARBÉRO (1985) 
as well as the black and white map for forest categorisation in Thrace (KANTARCI 1976 and DÖN-

MEZ 1969) in MAYER & AKSOY (1986: Fig. 53, pp. 146) served as an orientation basis for a map 
of the potential natural vegetation of the European part of Turkey. 
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In 1995, M.D. Kantarcı of Istanbul was successfully recruited as a collaborator for the European 
map project. He provided us with the map of forest habitat classification for eastern Thrace that 
illustrates the relationships between regional habitat conditions (climate, soil) and the natural dis-
tribution of tree and shrub species. KANTARCI (1976) categorises eastern Thrace into geographi-
cally defined forest zones and into regional and vertically zoned communities designated accord-
ing to the dominant tree species. At the end of 1995 these were then transformed in collaboration 
with Th. Raus into mapping units corresponding to those of the neighbouring countries. 

Yugoslavia: There are numerous sources regarding the vegetation mapping of the region occu-
pied by former Yugoslavia (e.g. BERTOVIĆ in KÜCHLER 1966: 546-584, MARINČEK et al. 1980). 
The most important information source, however, was the book of HORVAT, GLAVAČ & ELLEN-

BERG (1974) with the 1:3000000 map of the vegetation zones of south-east Europe constructed 
by GLAVAČ (1968). 

Horvat was the first to point out the necessity of a uniform vegetation map of Yugoslavia and was 
author of the first Yugoslavian vegetation map at a scale of 1:25000 for western Croatia (HORVAT 
1962). In 1963 Horvat provided the impetus for preparing a vegetation map for the whole of 
Yugoslavia at a scale of 1:200000. Maps of the real vegetation at a scale of 1:50000 served as 
the basis for this project. At the end of the 70s the first general map for Yugoslavia appeared at a 
scale of 1:1000000. After this a map of the potential natural vegetation 1:1000000 was produced 
under the supervision of P. Fukarek. The editorial committee consisted of M. Zupančić and I. 
Puncer (Slovenia), I. Trinajstić and I. Šugar (Croatia), P. Fukarek and R. Lakušić (Bosnia-
Herzegovina), V. Blečić (Montenegro), F. Rexhepi and N. Randjelovic (Kosovo), B. and R. 
Jovanović and V. Mišić (Serbia), S. Parabucki (Vojvodina) as well as H. Em and D. D〉ekov (FYR 
Macedonia). At the end of the 80s the printed map appeared (FUKAREK et al. 1989), that served as 
the basis for the European map and which still had to be generalised somewhat for that purpose. 
Since that time newer vegetation maps of the forest communities (approx. 1:1100000) for Croatia 
(TRINAJSTIĆČ et al. 1992) and the natural vegetation of Slovenia, 1:400000 (ČARNI et al. 2002) 
have been published which could not be considered in time for the project. 
 
Russia and the former USSR 

Based on the presentation of V. Karamyševa and T.K. Jurkovskaja (shortened and complemented 
in parts) 

The European part of the former USSR was already well investigated geobotanically at the start of 
the vegetation map of Europe project and the vegetation was recorded in various maps at different 
scales. Vegetation mapping has enjoyed a long tradition and is therefore in a high state of devel-
opment in Russia, particularly regarding the cartographic representation. It is closely associated 
with the names of N.I. Kuznecov, the founder of the Department of Geobotany at the Komarov 
Institute of the Academy of Sciences of the USSR in Leningrad, as well as A.P. Iljinskij, E.M. 
Lavrenko and V.B. Sočava, the initiators of a range of major cartographic projects. 

Already in the 1920s and 30s several vegetation maps for the area of the European part of Russia 
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were created, which are still revered today because of their scientific conception, their methodo-
logical approach and their style of graphical presentation. This applies particularly to the 
“Geobotanic maps of the European part of the USSR” (KUZNECOV 1927, 1928a, 1928b, ŠIFFERS 
1929, 1930, KREPS & ZINZERLING 1930, ŠENNIKOV & ZINZERLING 1932, KUZNECOV & ŠIFFERS 
1932)7, the preparation of which can be traced back to a decision by the International Botanical 
congress in the year 1920 to produce a ‘world vegetation map’ at the scale of 1: 1000000. 

In the preparation of these maps many basic scientific principles were developed (e.g. the regional-typological principle for 
the preparation of the legend), which later were regularly applied for the geobotanic mapping of Russia. In many ways they 
were of a pioneer nature: for the first time methods for reconstructing climatically and edaphically determined natural vegeta-
tion types were applied and the current vegetation was compared with the potential vegetation. In the “Geobotanic map of the 
European part of the USSR”, the relationships between vegetation and important environmental factors (relief, soil, climate, 
usage etc.) were illustrated. 

The patterns regarding the zonal changes in vegetation cover from north to south played an important role both in the older 
(KOR〉INSKIJ 1899, TANFIL’EV 1900, BUŠ 1918, ALECHIN 1921, 1927) and the newer small-scale vegetation maps of Russia. 
The use of alphabetic characters and colours, the labelling of the ecological peculiarities of the main units and the depiction 
of indistinct boundaries using gradually changing hues have served to maintain their actuality until today. 

In the 30s, small-scale maps were used to prepare the first “Large Soviet World Atlas” that included the vegetation map of 
the European part of the USSR (vegetation zones, subzones and regions) 1 :7500000 (ILJINSKIJ et al. 1937b). 

After the Second World War, the “Vegetation map of the European part of the USSR” at a scale 
of 1:2500000 was published under the editorship of LAVRENKO & SOČAVA (1948) with 71 MUs 
and an explanatory text (LAVRENKO & SOČAVA 1950). In 1956 the “Geobotanic map of the 
USSR” was published at a scale of 1:4000000 (LAVRENKO & SOČAVA 1954) with a two-volume 
explanatory text (LAVRENKO & SOČAVA 1956). These maps were based on new original data, 
obtained from major expeditions and literature sources. 

The basis for the vegetation maps in the “Physical-geographical world atlas” of 1964 is the new classification of the vegeta-
tion cover of the earth published by SOČAVA (1957). This multidimensional and multistage classification is based not only on 
floristic and ecological-geographical criteria, but also on genetic relationships. In this atlas the European part of the former 
USSR is represented in two geobotanic maps: in the vegetation map of Europe at a scale of 1 :10000000 LUKIČEVA 1964a) 
and the vegetation map of the USSR at the scale of 1 :15000000 (LUKIČEVA 1964b). 

Until well into the 1970s, a large number of detailed and informative maps were published: for individual areas of the Euro-
pean part of the former USSR (IGOŠINA 1963 and others), for the areas of the former Union Republics (GROSSGEIM 1930, 
KECCHOVELI 1964, ISAČENKO, SOČAVA & GERBICH 1959, PRILIPKO 1965, JURKEVIČ 1969 and others) and individual adminis-
trative districts (ZINZERLING 1935, PROZOROVSKIJ 1949, SEMENOVA-TJAN-ŠANSKAJA et al. 1956, GORBAČEV 1973, and many 
others). Most of these maps were produced on the basis of data obtained on scientific expeditions and, more recently, on the 
basis of aerial and satellite images. 

The most important source for the contribution of the USSR to the vegetation map of Europe was 
the vegetation map of the European part of the USSR at the scale of 1:2500000, which was con-
cluded in 1974 and published in 1979 (ISAČENKO & LAVRENKO 1979). It was the result of collabo-
ration by a large collective of authors consisting of representatives of the various Union republics 
and administrative districts. Its scientific conception and the structure of the legend, developed in 
the Laboratory for Phytogeography and Cartography of the Komarov Institute of Botany at the 

                                                            
7  18 sheets of this map were prepared, first at a scale of 1:1105000 and then at a scale of 1:1000000, but only 

8 sheets were published. 
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Academy of Sciences of the USSR in Leningrad (GERBICH et al. 1970, GRIBOVA et al. 1975), rep-
resented a further deepening of the regional-typological principle that was characteristic for the 
Russian cartographic school. 

The differentiation of the mapping units and their arrangement is performed according to floristic, phytocoenological, eco-
logical, and geographic criteria. The legend contains 248 outlined mapping units, sometimes subdivided further using alpha-
betic characters, and 65 symbol units for small-area occurences of communities or unusual species. The legend and map as 
such contain significantly more information than the predecessor map of 1948 (LAVRENKO & SOČAVA 1948). 

The production of this map was stimulated by the publication of a series of regional maps (ISAČENKO & LAVRENKO 1975 
GRIBOVA & LAVRENKO 1975, KARPENKO & LAVRENKO 1975, ISAČENKO et al. 1976, JURKEVIČ & GOLOD 1977, JURKEVIČ et 
al. 1980, BILYK et al. 1984, and others). The editing of a vegetation map for the European part of the USSR and the Caucasus 
at the scale of 1 :2000000 (GRIBOVA et al. 1987), designed for education purposes, was based on these earlier maps. 

The 1:2500000 map includes a legend volume and a detailed explanatory text (GRIBOVA, ISA-
ČENKO & LAVRENKO 1980) containing a phytogeographical overview of the European part of the 
USSR and Transcaucasia as well as short descriptions of all the mapped units. The 9 attached 
analytical maps 1:7500000, which express the distribution of the individual formations and their 
vegetation types, are also worthy of mention. 

The map of the real vegetation (with references to the potential natural vegetation) was directly 
transformed by the Komarov Institute into the same-scaled map of the natural vegetation of east-
ern Europe by amalgamation of individual units. In some areas corrections were carried out later 
on: e.g. in Karelia where the map had to be adapted to that of Finland, in Estonia as a result of 
information provided by J. Sultson of Tallinn, at the lower Volga and in the Caspian basin follow-
ing new findings of I. Safronova of Saint Petersburg (cf. LADYGINA et al. 1995), and in Georgia 
due to the results of new mappings and field surveys. 



Map of the Natural Vegetation of Europe 1.3 
 

 57  

1.3 Theoretical concept of the vegetation map 

Udo Bohn, Robert Neuhäusl & Christoph Hettwer 

Methodological basis for classifying the vegetation  

The objective of this international project was to prepare a map of the (potential) natural vegeta-
tion of Europe that was based both on a unified concept and the current state of knowledge. This 
was to be achieved through close co-operation between geobotanists from almost every country in 
Europe. In this undertaking, however, a major problem was to unite the different methods of re-
cording, classifying and depiction of vegetation practised by the various phytosociological schools 
of Europe into a single concept that could be accepted and utilised by all participants in the pro-
ject. We therefore had to develop a unified definition of the natural vegetation and their units, a 
unified means for processing and designating the mapping units as well as a systematic general 
legend for their classification. 

For Central, western, north-west and southern Europe, the floristic-sociological methods of the 
Zürich-Montpellier school of Braun-Blanquet were applied, whereby the entire species combina-
tion of the plant communities are analysed and specific characteristic and differential species are 
identified for the communities (associations) and their synsystematic categorisation (BRAUN-
BLANQUET 1964). The north European classification (e.g. the Uppsala school), on the other hand, 
is based on constant and dominant species of each stand layer (DU RIETZ 1930), while the tradi-
tional ecological-phytocoenological classification in Russia is based primarily on the characterisa-
tion and elimination of vegetation units based on dominants, combined with structural and site 
features (cf. DIERSCHKE 1994). A further complicating factor was that very few vegetation tables 
have actually been published for the area of the former USSR. 

Until now there has been no unified method for recording and designating the plant communities 
and incorporating them into a hierarchical system. Since the opening up of Russia and the former 
communist states to the west, however, the Braun-Blanquet method has become more and more 
accepted. 

Very different means and systems have been applied both in Europe and on a world-wide basis for the classification of vege-
tation into higher units and their further subdivision. According to DIERSCHKE (1994) there are purely physiognomic, physi-
ognomic-ecological, ecological-site-related, ecological-functional, floristic-sociological, floristic-syngenetic, floristic-range-
geographical or floristic-spatial classification systems and combinations thereof. 

For small-scale vegetation mapping and classification in the European context, an effective sys-
tem was developed using a combination of physiognomic-structural, vegetation-typological, cli-
matic-site-related and geographical approaches to create various hierarchical levels. This principle 
of classification should be generally understandable and applicable and should especially favour 
vegetation-typological criteria and facilitate a sufficiently fine spatial and site-related differentia-
tion of the units. 
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Based on these premises there are in principle two different methods for classifying the vegetation 
of small-scale general vegetation maps for large areas such as Europe in a hierarchical manner: 

Main classification: 

1. Based on phytogeographical zones and regions (e.g. Atlantic, Central European, boreal, Medi-
terranean) and 

2. Based on climate and site-dependent plant formations, i.e. physiognomically formulated 
vegetation types. 

With the first option, the geographical element (the spatial relationships of the vegetation types) is 
given priority, whereby, for example, an Atlantic beech forest is represented and grouped together 
with an Atlantic oak forest or other Atlantic units (cf. Vegetation Map of the Council of European 
States, 1st Edition, OZENDA et al. 1979). With the second option the physiognomic and floristic 
relationship or the similarity of the vegetation types is stressed, whereby the beech forests are 
initially brought together as a whole, independently of their distribution, and only then are they 
subcategorised within a more regional differentiation for the purposes of hierarchical classifica-
tion. (TRAUTMANN & BOHN 1980). 

In the present vegetation map of Europe the second approach was followed, as it was intended 
that the vegetation should take priority in order that the distribution of similar vegetation types 
could be illustrated more clearly. The classification system applied at the highest hierarchical lev-
els corresponds to a physiognomic-ecological classification similar to that of ELLENBERG & 

MUELLER-DOMBOIS (1967). The highest position is occupied by climatically or edaphically-based 
zonal and vertical, as well as azonal, primary formations. At the next level the vegetation is sub-
divided into (sub)zonal or geographically separate formations or supraordinate (roughly formu-
lated) vegetation types with dominant species or specific species combinations in the main layer 
(usually the tree layer). As a rule these formations and vegetation types are then further differenti-
ated using phytogeographic (such as arctic, alpine, boreal, hemiboreal, nemoral) and ecological 
postscripts. In the following levels, further differentiation is based on sub-zones (e.g. northern, 
central, southern boreal), altitudinal belts (e.g. lowland, colline, montane) as well as trophy levels 
and other soil-related differences (acidophilous, oligotrophic, hygrophilous etc.). Finally, the 
mapping units are then assigned to geographic regions and further differentiated on a phyto-
geographical basis. 

Such, or very similar, hierarchical classification systems were used in the older general vegetation 
maps of Europe at a scale of 1:25000000 (SCHMITHÜSEN & HEGNER 1976), as well as in the par-
tial maps of Europe. This was the case also with the map of the actual vegetation of the European 
part of the USSR at a scale of 1:2500000 (ISAČENKO & LAVRENKO 1979), which employed the 
potential as well as the reconstructed natural vegetation as a basis), the map of the natural vegeta-
tion of the Danube countries (1:2000000, NIKLFELD 1973) and the vegetation map of the German 
Democratic Republic 1:750000 (SCAMONI et al. 1977). In this respect it was not necessary to ven-
ture into completely new territory in order to prepare the overall legend, as we were able to build 
on long-standing experience and concrete models, a fact which considerably simplified and short-
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ened this undertaking. The individual steps and results of the harmonisation process are described 
in chapter 1.1. 
 
Mapping principles and content of the map 

The purpose of mapping the potential natural vegetation is to reproduce the current natural site 
potential based on vegetation types. This is the result and expression of what might grow on its 
own accord, along with other characteristic living communities, as determined by the indigenous 
plant species, as well as by the climatic (temperature, precipitation and their seasonal distribution) 
and edaphic conditions (structure and texture, water balance, nutrient supply) that prevail in the 
different areas of Europe (whereby the development time for the formation of the climax vegeta-
tion is zero). 

The effects of direct human intervention and utilisation, as well as large-scale changes in the envi-
ronmental conditions caused by air and water pollution and recent climatic changes, are not taken 
into consideration. The long-term effects of such changes and influences on the potential natural 
vegetation can only be estimated with difficulty. 

The map of the natural vegetation of Europe therefore displays the potential distribution of the 
dominant natural plant communities consistent with the current climatic and edaphic conditions. It 
also emphasises the conformity to the natural differentiation of the zonal vegetation with regard to 
longitude, latitude and altitude, as well as the distribution and categorisation of the most important 
and widespread azonal vegetation types. 

The determination of the structure and composition of the potential natural vegetation is princi-
pally based on surviving remnants of natural and near-natural ecosystems and their correlation 
with site-specific conditions (climate, soil, temperature, nutrient and water balance) and the distri-
bution of characteristic and differential plant species. 

The map of the natural vegetation of Europe provides information about the form, natural variety 
and spatial distribution of the main vegetation units of the natural vegetation cover in the individ-
ual regions of Europe (natural biological diversity). In addition it shows the location and total 
extent of areas with similar site qualities and environmental conditions, and thereby the compara-
ble natural growth potential, the entire range and the geographical differentiation of a unit (e.g. the 
further subdivision of beech forests according to trophy and altitudinal belts, as well as into geo-
graphic and ecological forms). 

The fundamental units of the vegetation map of Europe are, as a rule, widely distributed zonal and 
azonal plant communities within a particular region. Due to the small scale (1:2500000), how-
ever, each mapping unit is a complex of different natural plant communities characteristic of a 
region or habitat. Usually, one community dominates, and this gives its name to the unit; with 
complexes in which the units are more or less equally represented they are indicated by terms 
such as ‘in complex with’ or ‘alternating with’. 

During the processing and harmonisation of the national maps to form the pan-European map, 
numerous problems arose due to differences in knowledge, approach (e.g. greater consideration of 
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anthropogenic influence in certain regions), interpretation of the mapping units, and lack of 
agreement between the various institutions involved. 

A compromise had to be found for naming the contents of the map as, for methodological and 
practical reasons, the current principle of the potential natural vegetation demanded and applied 
by western and Central European colleagues (cf. TÜXEN 1956) could not be directly applied to the 
eastern European section of the map. In the end it was agreed to strive to apply the concept of a 
theoretical, constructed, current natural vegetation, but to refrain from describing it as ‘potential’ 
in the map names, since one could not always be sure that the vegetation formerly considered as 
natural could actually potentially develop under current conditions. This problem was particularly 
evident for the seriously anthropogenically degraded vegetation types and ecosystems, such as the 
steppes (used today mainly as arable land), drained and cultivated mires, as well as the endyked 
floodplains and dammed rivers. Wherever the current site conditions differ markedly from former 
times the mapped vegetation should actually be considered as the ‘reconstructed’ former natural 
vegetation. 

The outcome of the discussions was a consensus whereby a generally applicable classification 
system was developed that took into account the different principles of vegetation descriptions in 
a hierarchically organised system, i.e.: 

– the physiognomy and classification of the vegetation cover into zonal and azonal formations 
and formation complexes as the main structural elements, 

– dominant species in the main vegetation layer (e.g. dominant tree species) and their combina-
tions in the middle hierarchical level, as well as 

– characteristic species combinations and finer floristic differentiation based on geographical and 
habitat differences at the lowest level. 

 
Structure of the legend of the map 1:2500000 

The fundamental units of the vegetation map that are floristically unique, i.e. characterised by a 
specific species combination of the dominant plant community or by a region and site-specific 
community mosaic, are linked into a hierarchically structured classification system within the 
framework of the overall legend. 

The main groups of this formation form 19 physiognomic-structurally and ecologically character-
ised formations and formation complexes, of which 14 (A to O) represent the macroclimatic 
zones from the north to the south and south-east of Europe, as well as the corresponding altitud-
inal belts in the mountain ranges. Their differentiation and spatial sequence is determined primar-
ily by the temperature gradient. The last 5 formations (P to U) are listed as azonal vegetation types 
characterised by predominantly edaphic site factors, such as the presence of saline or wet soils, 
and are modified only secondarily by macroclimatic factors. The main individual formations are 
labelled in abbreviated form (as a code for the vegetation map) with capital letters in alphabetical 
order. In this way each mapping unit can be assigned rapidly and unambiguously to the respective 
main formation in the map. 
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List of the main formations 

(Classification according to physiognomy and environmental conditions) 

Zonal vegetation (primarily climatically conditioned) 

A Polar deserts and subnival-nival vegetation of high mountains 
B Arctic tundras and alpine vegetation 
C Subarctic, boreal and nemoral-montane open woodlands as well as subalpine and oro-

Mediterranean vegetation 
D Mesophytic and hygromesophytic coniferous and mixed broadleaved-coniferous forests 
E Atlantic dwarf shrub heaths 
F Mesophytic deciduous broadleaved forests and mixed coniferous-broadleaved forests 
G Thermophilous mixed deciduous broadleaved forests 
H Hygro-thermophilous mixed broadleaved deciduous forests  
J Mediterranean sclerophyllous forest and scrub 
K Xerophytic coniferous forest, woodlands and scrub 
L Forest steppes (meadow steppes alternating with deciduous broadleaved forests) and dry grass-

lands alternating with xerophytic scrub 
M Steppes 
N Oroxerophytic vegetation (thorn-cushion communities, tomillares, mountain steppes, open 

scrub) 
O Deserts 
 
Azonal vegetation (determined by specific soil properties and water balances) 

P Coastal vegetation and inland halophytic vegetation 
R Tall reed vegetation and tall sedge swamps, aquatic vegetation 
S Mires 
T Swamp and fen forests 
U Vegetation of floodplains, estuaries and fresh-water polders and other moist or wet sites 
 
The formations are divided into subgroups according to their species composition, the finer cli-
matic differences and larger-scale site conditions These in turn are subdivided according to nutri-
ent balance, altitudinal belts, water balance and geographical location (cf. classification overview 
in the overall legend). 

With the formations A, B, C and D, climatically and physiognomically corresponding formations of different climatic zones, 
such as polar deserts and nival vegetation of the southern high-mountain regions, arctic tundras and alpine vegetation, subarc-
tic, subalpine and oro-Mediterranean vegetation, as well as boreal coniferous forests and nemoral mountain coniferous for-
ests, were grouped together in the uppermost hierarchical level and labelled with similar base colours in order to stress com-
mon characteristics and physiognomic-ecological relationships. 

This principle also applies even where the floristic relationship is no longer so pronounced, such as between the arctic tundra 
of the Polar Urals and the alpine vegetation of the Caucasus. At the next hierarchical level unique subgroups were formed, 
however, within which the floristic relationships are again stronger. 

The approximately 700 mapping units form the basic elements of the vegetation map. These con-
sist, as a rule, of widely distributed natural (potential) zonal and azonal plant communities of an 
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area and in certain special cases of combinations of units which are more or less equally repre-
sented. 

The name of a mapping unit reflects in general its (bio)geographic distribution, physiognomy 
(e.g. tundra, grasslands, heaths, forests, mires) and the characteristic, as well as the dominant, 
plant species of the main vegetation types. The latter are listed according to the vegetation layer in 
which they are present (from top to bottom) and in the order of their participation (where this is 
known), as well as according to ecological-sociological or phytogeographical species groups. The 
naming of additional species in the title generally represents a differentiation based on geographi-
cal, altitudinal-related or habitat factors. Information about the site (water or nutrient balance, soil, 
parent rock) and the altitudinal belt also serves to illustrate their designation. For the entire char-
acteristic of a mapping unit and its position in the hierarchical system it is also important to in-
clude the supraordinate group headings since, for the most part, this information cannot be ob-
tained from the title of the units alone. 

Because of the small scale, we are always dealing with characteristic, area- or habitat- specific 
complexes of various (potential) natural plant communities. Of these, usually one particular com-
munity is dominant, and this gives the unit its name. Where several natural plant communities 
occur in equal amounts (alternating spatially or with a certain spatial succession/zoning), this is 
also stressed in the name of the unit. 

In normal cases the mapping units are characterised by one dominant and a suite of regularly ac-
companying natural plant communities. Detailed information about the respective vegetation 
complexes of a unit may be acquired from the explanatory text to the vegetation map for the indi-
vidual formations and their subgroups and especially from the data sheets for the individual map-
ping units (on the accompanying CD-ROM). 
 
Cartographic representation 

The entire legend consists of approximately 700 mapping units, which presented considerable 
cartographic problems for their representation since the clarity of the map also needed to be pre-
served. 

All units of a formation group (e.g. the beech and beech mixed forests, F.5) are marked by the 
same base colour so that their entire distribution can be recognised in the map at a glance. In 
cases where a multitude of units were present and with further north-south or altitudinal differen-
tiation within the formation group, this base colour was changed in intensity: darker tones as a 
rule represent the more southerly or higher locations, the latter serving also to emphasise the relief 
(cf. structuring of the formations B, C, D, F.5, M, O in the general map 1:10000000). 

The colouring of the formations is designed to stress the phytogeographical, climatic and edaphic 
factors, as well as their spatial succession, e.g. from north to south, from cold to warm, from fresh 
to dry. This represents a combination of Central European and Russian traditions. The printed 
colours of the individual maps are synchronised with one another in such a way that when they 
are all put together an overall uniform and harmonious picture for Europe is produced. 
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Further differentiation of the mapping units is accomplished by adding hachures and other mark-
ings. Formations of topographically lower levels lack the hachures, or they are labelled with cir-
cles. Higher (colline-submontane and montane) levels are labelled with broken or unbroken di-
agonal hachures, while the vertical hachures are reserved for the highest (montane-altimontane) 
levels. For special edaphic conditions, such as oligotrophic, eutrophic, xerothermic, moist, sandy 
or rocky sites, the same markings are employed consistently for each habitat type, so that as much 
information as possible can be taken directly from the map (e.g. red, green or blue dots, see the 
map key in the map section). 

In addition to the colours and markings, the mapping units are also provided with a combined 
identification number consisting of the alphabetic character of the formation and the number of 
the unit within that formation, so that the designation can be rapidly and unambiguously ascer-
tained. This also avoids the use of other markings, especially for geographical vicariants and 
complex units (the latter are labelled using a combination of different symbols or using different-
coloured ‘v’s). For isolated mapping units an additional lower case letter is provided for further 
subdivision, whereby special forms within the unit can be labelled (e.g. t = with fir). 

Where particular plant species, vegetation types or mapping units covering only small areas occur, 
these are depicted (particularly in the east) using specific symbols (right column of the map key): 
red/blue symbols = additional species and units not contained in the legend; black symbols = oc-
currence of mapping units from the general legend over small areas. 

For better orientation, geographical information relating to waterways, larger cities, selected 
mountain peaks and state boundaries (marked with broken white lines) are included in the topog-
raphical map. These are based on the Czech world map 1:2500000, the content of which has 
been grossly simplified. For accuracy and better orientation, however, the borders of the mapping 
units in the base maps of the individual countries of Europe were drawn on to the original detailed 
topographical maps. The original map sheets were then digitally modified and processed before 
they were reduced from 16 to 9 sheets. 

On the legend sheet the colours and markings of the mapping units are arranged according to 
their order in the overall legend. The column with the alphabetical characters and numbers dis-
plays the organisation of the legend. The subsequent descriptions correspond to those provided in 
the overall legend. The numbers of the relevant mapping units are added in brackets after the 
names. Since all mapping units could not be provided with their own markings, specific forms and 
complexes within a group of mapping units are identified with uniform markings: blue dots repre-
sent moist forms as well as complexes with mires; green dots represent herb-, species- or tall-
perennial-rich forms as well as those with an evergreen undergrowth; red dots refer to thermophi-
lous forms as well as those on shallow limestone soils; irregular dark dots on a yellow back-
ground represent forms on sandy soils; and those marked with a ‘v’ depict complexes. 
 
General map of the natural vegetation of Europe 1:10000000 

The general map (1:10000000) represents the reduced and generalised version of the detailed 
map (1:2500000). It provides an overview of the entire range of the formations and their sub-
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groups. At this scale it also creates a link for the use of the European map as a classification sys-
tem on a global scale (cf. WWF 2000, SIMONS 2001). For better comparability, the colours and 
alphabetical characters of the formations are based on those used in the detailed maps 
(1:2500000). Further subdivisions of the formations are based on those applied in the overall 
legend, without them necessarily being identical. In addition, the headings are summarised and 
shortened compared to the overall legend. A maximum of two altitudinal belts are identified by 
different shades of the base colours and are labelled with the additional alphabetical characters ‘a’ 
and ‘b’. The individual mapping units grouped together into these units are given in brackets after 
the descriptions of the groups. Topographical orientation points are based on a reduction and sim-
plification of those provided in the detailed 1:2500000 map. 
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2 Fundamental principles of the vegetation classification of Europe 

2.1 Physiographical structuring of Europe 

Jerzy Kondracki & Heinz Schlüter 

The borders, area and location of Europe 

Europe is part of the Eurasian supercontinent, which acquired its current form at the end of the 
Tertiary period. Its geographical location and palaeogeographic development have been of key 
importance in bringing about its current, highly pronounced physical differentiation; both have 
exerted profound influences on biogeographical relationships. 

Only on three sides is our continent unambiguously demarcated: in the west by the Atlantic 
Ocean, in the north by the Norwegian Sea, the Barents Sea and the Arctic Ocean, as well as in the 
south by the Mediterranean and the Black Seas. In the east, the eastern slope of the Urals has been 
assigned as a matter of convention (as palaeogeographical, structural and climatic aspects would 
indeed support) as the boundary to Asia. This continues to the south as the Ural river and reaches 
the western shore of the Caspian Sea. The Great Caucasus is generally included today in Europe, 
while Georgia, Armenia and Azerbaijan are included for political reasons, although Transcaucasia 
with the Lesser Caucasus and the Armenian Highlands already in fact belong to Asia Minor in a 
geographical sense (see Map 1). 

Europe is approximately 10 million km² in size, of which about 0.74 million km² are located on 
islands genetically associated with the European mainland, of which Great Britain (224000 km²), 
Ireland (84000 km²), Sicily (26000 km²) and Sardinia (24000 km²) and the isolated, genetically 
independent volcanic island of Iceland (103000 km²) are the largest. Amongst the peninsulas, the 
Scandinavian (824000 km²), Iberian (587000 km²), Apennine (149000 km²) and Balkan peninsu-
las are those most worthy of mention. All islands and peninsulas together occupy well over a third 
of the total area of Europe. Its richly reliefed coastline has an overall length of 37200 km. 

From south to north the mainland extends between 36˚ and 71˚ N over 35 degrees of latitude 
(3900 km), with the islands over about 48 degrees of latitude (5 300 km), and from west to east it 
spans about 78˚ of longitude (5 000 km). The northernmost point of Europe lies at 82˚ N on the 
arctic islands of Svalbard and Franz Josef Land, and on the mainland at North Cape (71˚ 16' N). 
The furthest point in the south-west is Cape Marroqui in Spain, which reaches as far as 35˚ 58' N. 
However, the Mediterranean island of Crete lies about 1˚ further to the south. The south-
westernmost point is at 9˚ 27' W at Cape da Roca in Portugal, although the island of Ireland pro-
jects one degree further to the west (Iceland is not considered here since it is in fact an isolated 
island in the northern Atlantic). The easternmost point of Europe is the mouth of the Bajdarata 
River that flows into the Kara Sea at 68˚ 14' E. 
 
Geology, orography and soils 

The palaeogeographic development of Europe, particularly the tectonic processes in the Tertiary 
and the repeated glaciation in the Quaternary, led to the contemporary surface relief which is the 
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most important factor for determining the physiographical differentiation of Europe. 

The Precambrian basement is the oldest component of the European mainland, which is exposed 
on the surface as the Baltic Shield (Fennoscandia) in the north and the Ukrainian Shield in the 
south-east of Europe. Between these areas in the east European lowlands these ancient rocks are 
overlain by Palaeozoic and Mesozoic strata. This Palaeo-Europe was separated by a fault-zone 
from Meso- and Neo-Europe. Meso-Europe arose – similar to the Urals – at the end of the Palaeo-
zoic during the Hercynian folding. These structures were levelled during the Mesozoic and cov-
ered by a series of marine and continental sediments. 

Neo-Europe began to develop in the Mesozoic and assumed its final shape in the Tertiary, when 
the folded structures of the high mountain regions (Sierra Nevada, Pyrenees, Alps, Apennines, 
Dinaric, Pindos and Balkan Mountains, Carpathian Mountains and also the Caucasus) were up-
lifted. Vertical movement resulted in the lowering of the Mediterranean and intramontane basins 
while the horizontally folded rock formations were uplifted. 

The last major phase of relief formation – apart from the erosion persisting to the present day – 
was marked by the repeated Quaternary glaciation. The main areas of the glaciation lay in Fenno-
scandia, the British Isles and the Alps (see Map 4). From the north, massive glaciers penetrated 
far into the eastern, Central and western European plains and reached the Harz and Sudeten moun-
tains, and even the western Carpathian Mountains. During the last glacial period the Baltic Sea 
and the mainland to Jütland, the lower courses of the Elbe and the Oder valley, the middle Weich-
sel and Memel valleys as well as the Duena valley were all covered by an inland ice sheet. 

In the cold periglacial climate permafrost soils prevailed outside of the glaciated regions, and on 
the peripheral tundra and cold steppes, windblown dust material was deposited often as thick 
loess, especially in the winter. At the end of the last glaciation, glaciofluvial and fluvial sands 
were blown by the wind to form dunes in areas that were still forest free. The establishment of 
forests in these areas began only at the beginning of the Holocene. 

In Fennoscandia and the other centres of glaciation, the current land surface consists of ancient 
rock formations exposed by the retreating ice, while in the adjacent peripheral areas around the 
Baltic Sea, glacial till was deposited in the form of moraines and glaciofluvial and glaciolimnic 
sediments (sands, gravels, clays). These deposits can be up to a few hundred metres thick and rise 
up to 300 m above sea level. 

The melting of the glaciers by the post-glacial warming resulted in the general rise of the mean 
sea level, the flooding of low-lying mainland areas, the formation of the Baltic and North Seas 
and the separation of the British Isles from the European mainland. This inland advance of coast-
line or ‘transgression’ was simultaneous to the isostatic elevation of areas earlier covered by mas-
sive glaciers (particularly in Fennoscandia), a process that continues today. The upward thrust of 
these areas is causing a recession particularly of the northern coast of the Baltic Sea, while on its 
south-western shores as well as on the southern coasts of the North Sea, by contrast, the coastline 
is advancing inland in the course of further transgression. 
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The orography of Europe is quite diverse. Lowlands, which dominate the broad eastern half of the 
continent, predominate, which results in the mean elevation of Europe being only about 340 m 
above sea level (compared to 960 m in Asia). The southern half, by contrast, is dominated by nu-
merous prominent mountain ranges. These include the Alps (Mont Blanc 4807 m), the Pyrenees 
(Pico de Aneto 3404 m), the Apennines (Corno Grande 2914 m), the Balkan Mountains (Botev 
2376 m), the Carpathian Arch (High Tatras 2655 m) and the Great Caucasus with seven peaks 
higher than 5000 m (Elbrus 5642 m). Hilly uplands also extend to the west and north of the Alps: 
in the west, the French Massif Central (1886 m) with the Cevennes (1699 m), the Jura (1718 m); 
in the north-west the Vosges (1424 m), the Black Forest (1493 m); in the north-east the Bavarian 
and Bohemian Forests (1457 m) followed by the Hercynian mountain ranges, of which the Harz 
(1142 m) extends furthest into the north German lowlands, while the ridge of the Erzgebirge 
(1244 m) continues on to the east to the adjacent Sudeten mountains (1603 m). The south Central 
European Uplands have counterparts in the Scandinavian highlands of Norway (2470 m) as well 
as the Urals (1894 m), of which the latter represent the north-eastern boundary of the European 
mainland. 

The differentiation of the climate and the development of the vegetation cover with its diverse 
geologic substrates and array of orographic landforms has led to zonal soil types which reflect the 
imprint of natural processes, geology and earlier geomorphological processes. For the arctic zone, 
arctic frost debris and tundra (gley) soils (Gelic Regosols, Gelic Histosols), and for the boreal 
zone podzol soils (Podzols, Podzoluvisols), gley-podzols and peat soils (Histosols) are character-
istic. The temperate zone is dominated by brown earths (Cambisols) and para-brown earths (luvi-
sols), accompanied on base-poor substrates by podzol soils. In the eastern forest steppe and steppe 
zones, grey forest soils (luvisols) and chernozems prevail, while the warm humid areas in the 
south of the Colchis feature yellow and red earths (Acrisols); cinnamon-coloured, reddish brown 
and red soils (Calcic Cambisols, Chromic Luvisols) characterise the Mediterranean sclerophyllous 
forests and scrub. As with climate and vegetation, soil types vary according to altitudinal belts. 

At the same time that climate is decisive for the zonal differentiation of vegetation types and soil 
formation, the attributes of the soil types themselves, especially with regards to their moisture 
regime, nutrient status and texture, assume great significance for the formation of regional vegeta-
tion types and mosaics, and by extension are instrumental in the recognition of biotopes at the 
landscape level. 
 
Physiographical structuring 

Natural landscapes are influenced by a complex of natural factors, modified to varying degrees by 
the influence of humans. The orography with its lithological underpinnings has proven the most 
stable aspect, while the most unstable factor, and that most substantially modified by land use, has 
been the vegetation. As a result, its natural composition, structure and spatial distribution can only 
be represented as the potential natural vegetation. As the most prominent landscape-ecological 
feature, the classification of the potential natural vegetation corresponds to the circumscription of 
biotopes representing the integration of all natural landscape components. 
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Both the horizontal differentiation of climate, bedrock and soil properties, as well as the vertical 
succession from lowland to hill country (colline), upland (montane) and high mountain (alpine 
and nival) regions are of key importance for physiographical regionalisation. The spatial differen-
tiation of the natural vegetation is particularly dependent on this. As with any classificatory sys-
tem, spatial classification also requires a clear hierarchical organisation corresponding to the level 
of abstraction (in this case scale dependent): continent, super-region, region and province as well 
as the habitat categories (macro-, meso- and microchores) characterised by their mosaic structure. 
For our small-scale consideration of Europe, we only require the highest hierarchical spatial units, 
subdivided according to their overall physiographical character into super-region, region and 
province (see Map 1). 

According to a convention of the International Federation for Documentation (FID 1971), Europe 
is physiographically divided into 9 super-regions. A useful overview can be furthermore obtained 
by first subdividing the continent into four parts following the points of the compass. This results 
in four subcontinents to which the 9 super-regions can be assigned: 

  Northern Europe 
 1. Fennoscandia, Iceland, Arctic Islands 

  Western and Central Europe 
 2. British Isles and France 
 3. Northern Central Europe 
 4. Alps 
 5. Carpathian Mountains 

  Southern Europe 
 6. Mediterranean southern Europe 

  Eastern Europe 
 7. Caucasus and Crimea  
 8. East European lowland 

   9. Ural Mountains 
 
The super-regions of Europe 

Northern Europe (approximately 1500000 km²) is separated from the mainland of the continent 
by seas, straits, bays and lakes: the North Sea, Skagerrak, Kattegat, the Baltic Sea with the Gulf of 
Finland, Lake Ladoga and Lake Onega, the White Sea and the Barents Sea. Within the area thus 
delimited, two large structural units can be distinguished which are in fact connected to one an-
other: first, the Precambrian shield of Fennoscandia and second, the early Palaeozoic (Caledonian) 
folding of the Scandinavian Mountains. In addition, the arctic islands Novaya Zemlya, Franz Josef 
Land, Svalbard, Bear Island and Jan Mayen belong to northern Europe, as well as Iceland, though 
the latter is in fact of oceanic-volcanic and not continental origin. 

As the core area of Quaternary glaciation, northern Europe is characterised by glacial erosion re-
lief with basins filled by lakes or mires, and deeply cut fjords in the landscape on the western side 
of the Scandinavian Peninsula. The southern mountain ranges feature altitudes exceeding 2000 m 
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above sea level (Galdhøpiggen 2469 m) and extensive glaciers (Jostedalsbreen, approximately 
1000 km²). 

The warm Atlantic Gulf Stream exerts a moderating influence on the climate of northern Europe. 
Maritime air provides for moist, less severe winters, cool summers and precipitation distributed 
over the whole year. However the Scandinavian Mountains which stretch almost 2 000 km from 
the south-west to the north-east, limit this oceanic influence to the western and southern part of 
the peninsula. The north-eastern parts with Finland and Karelia have a more continental climate 
with very cold winters (mean January temperatures of -8 to - 16°C). 

Northern Europe is subdivided into the following four phytogeographical zones, from north to 
south: arctic polar deserts and tundras, boreal birch and coniferous forests (taiga), hemiboreal 
mixed broadleaved-coniferous forests and nemoral broadleaved forests in the south and south-
west. 

Northern Europe is subdivided as follows: 

1 FENNOSCANDIA, ICELAND, ARCTIC ISLANDS1 
11  Iceland 
12  Jan Mayen island 
13  Faeroe Islands 
14  Scandinavian Peninsula with its offshore islands 
15  The Finnish-Karelian Shield 
16  The Kola Peninsula 
17  Svalbard and Bear Island 
18  Franz Josef Land 
19  Novaya Zemlya 
 

Western and Central Europe (approximately 2250000 km²) encompasses the narrower western 
part of the Eurasian mainland with the British Isles and features a complicated geological compo-
sition, due in particular to the periods of mountain formation which included the Caledonian, Her-
cynian and Alpine foldings; these structures are broken up by faults, uplifts and sinkings. In one 
of the sinkings between northern and western Europe, the North and Baltic Seas arose together 
with the Central European lowlands which today are covered by Tertiary and Quaternary sedi-
ments. 

Several uplands were produced as a result of the foldings. These include, in the British Isles, the 
Scottish Highlands (1343 m) as well as the uplands in Cornwall and Wales (1085 m) that extend 
to the south and south-east of Ireland. On the European mainland a swell of mountainous areas 
extends from France via Germany to Poland. This is expressed in an arch extending in France 
from Brittany to the Massif Central (Puy de Sancy 1886 m), with a second extending from there 
to the north-east. The Ardennes (694 m), the Rhenish Slate Mountains (841 m), the mountain 
ranges of the Vosges (1424 m), the Black Forest (1493 m) and the Harz (1142 m) continue this 
pattern to the north-east. A special unit is represented by the Bohemian Massif with its prominent 
ridges, namely the Bavarian and Bohemian Forests (1457 m), the Thuringian Forest (982 m), the 
                                                            
1  The further physiographic subdivision of Northern Europa can be found in the general overview in chapter 

5.2 and in Map 1. 
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Erzgebirge (1244 m) and Sudeten with the Giant Mountains (1603 m). 

The mountain foldings were often associated with the formation of intermontane basins which, 
like the Börde landscapes, often also occupied a special climatic and phytogeographical position 
incontinentally influenced dry areas. Examples for such areas include the Thuringian Triassic 
basin (annual precipitation < 500 mm; 444 mm at Artern) with the adjacent Magdeburger Börde 
to the east (chernozems) or the Prague basin. 

The high-mountain chains, i.e., the Alps and the Carpathian Mountains with their respective ba-
sins both within and around the mountain ranges, form the third orographic element of Central 
Europe. The Alps are divided into two sections: the western and central Alps, which are higher 
and more ‘compact’ with several peaks over 4000 m (Mont Blanc 4807 m), and the eastern Alps, 
which feature no peaks higher than 4000 m (Großglockner 3797 m). The alpine relief was shaped 
substantially by the Pleistocene glaciations. Glacier advances far into the Alpine foothills led to 
the formation of large morainal ridges and lakes (Lake Constance, Lake Geneva, Lake Garda, 
Lake Maggiore, etc.). The Alps are replaced in the north-east by the Carpathian Mountains, which 
exceed 2500 m only in their western and south-eastern parts (High Tatras 2655 m, Fagarash 
Mountains 2543 m). The Pannonian Basin is more than half surrounded by the Carpathian Arch. 
The rivers Sava and the Lower Danube border on Central Europe in the south-east, where they 
separate the Pannonian and Carpathian regions from the Balkan Peninsula. 

The Central European lowlands are made up mainly of Pleistocene sediments, namely glaciogenic 
terminal and ground moraines as well as glaciofluviatile and fluviatile sediments. Only in a few 
places do these exceed 200 m, and in exceptional cases 300 m. As the Pleistocene lowlands con-
tinue on to the east, the eastern border of Central Europe is defined climatically and biogeographi-
cally, running from the north-west to the south-east through eastern Poland, western Ukraine and 
eastern Romania. 

Central Europe lies between 43˚ and 58˚ N and belongs to the relative warm temperate zone with 
deciduous broadleaved forests. Because of the strongly differentiated orography and the proximity 
of the seas to the north and south, the climatic zonation is not always pronounced, although there 
is a considerable climatic differentiation. The Pannonian Basin, the Romanian Danube lowlands 
and the eastern foothills of the Carpathian Mountains, for instance, are characterised as having 
zonal vegetation due to the relative dryness of climate and in part the presence of forest steppe. 
North of the Alps and Carpathian Mountains, by contrast, a moderately warm and moist suboce-
anic climate prevails, although with increasing continentality towards the east characterised by a 
decrease in precipitation and larger ranges in seasonal temperature. In all of the mountain ranges 
the altitudinal belts are pronounced, both climatically, owing to the considerable increase in pre-
cipitation and drop in temperatures on a yearly average, and in terms of the changes in vegetation 
types from belt to belt. 

The western and Central European super-region is subdivided into the following physiographical 
regions and provinces: 
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2 BRITISH ISLES AND FRANCE 
21  Ireland 
22  Great Britain and neighbouring islands 
23a  Atlantic France 
23b Central and southern France 

3 NORTHERN CENTRAL EUROPE 
31  Central European lowlands  
32  Hercynian Central Europe (low mountains and cuesta landscape) 
33  The Bohemian Massif and its surrounding mountain ranges 
34   The Polish uplands 

4 ALPINE COUNTRIES 
41  Jura mountains 
42  Northern foothills of the Alps 
43  Alps 
44   North Italian lowlands 

5 CARPATHIAN COUNTRIES 
51  Western Carpathian Mountains and outer foothills 
52  Eastern Carpathian Mountains and outer foothills 
53  Southern Carpathian Mountains and outer foothills 
54  Transylvanian basins and mountains 
55  Pannonian Basin 
56  Lower Danube plain 
 

Southern Europe (approximately 1250000 km²) encompasses the three large Mediterranean pen-
insulas with their neighbouring islands, and as such it does not represent a contiguous mainland 
area. The shaping of the peninsulas is closely related to the orogenesis of the relatively recently 
formed Alpine mountain chains. The rather compact Iberian peninsula is delimited in the north by 
the Pyrenees (Pico de Aneto 3404 m) and the Cantabrian Mountains, and in the south-east by the 
Baetic Cordillera with the Sierra Nevada (Mulhacen 3478 m) which continues on to the Balearic 
Islands. The islands of Corsica and Sardinia, by contrast, are remnants of the sunken Tyrrhenian 
Massif. The Apennine mountain chain (Corno Grande 2914 m) forms the lengthwise orographic 
axis of the peninsula of the same name, continuing on to Sicily. The Dinaric Mountains (Prokletie 
2693 m) and the Balkan Mountains (Botev 2376 m) surround the older Thracian-Macedonian 
Massif, that forms the core of the Balkan Peninsula (Musala in the Rila Mountains 2925 m, 
Olympus 2911 m, the Pindos with Smolikas 2637 m, Nkiona 2510 m). Its southern part has been 
tectonically broken up into peninsulas such as the Peloponnese and Chalcidice peninsulas as well 
as the Aegean Islands. 

A peculiarity of southern Europe when compared with the rest of the continent is its seismic in-
stability, with the active volcanoes Mount Etna (3340 m) on Sicily, the Aeolian island Stromboli 
(926 m) and Vesuvius (1277 m) on the Apennine Peninsula. These are the only volcanoes still 
active on the European mainland. 

The position of southern Europe in the meridional climatic belt and its Mediterranean climate type 
ensure warm and dry summers as well as moist and almost frost-free winters in the lowlands. Ma-
jor parts of all three peninsulas and the adjacent seas with their islands are governed by this cli-
mate type, but because of the dominating mountain ranges on the peninsulas this climatic pattern 
tends to be restricted to the coasts; in inland areas, continentality tends to increase, particularly on 
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the Iberian and Balkan Peninsulas. 

Since the drainage regime, the soil types and the vegetation are closely related to the prevailing 
climate, the Mediterranean area deviates quite strongly on the whole from western and Central 
Europe. Mediterranean southern Europe is subdivided into the following regions: 

6 MEDITERRANEAN SOUTHERN EUROPE 
61  Iberian Peninsula with Balearic Islands 
62  Central Mediterranean area 
63  Apennine Peninsula 
64  Balkan Peninsula and neighbouring islands 
65  The Balkan Mountains 
 

Eastern Europe (approximately 5000000 km²) differs markedly from the rest of Europe in its 
vast, topographically monotonous landscape. The reason for this is the level position of sedimen-
tary rocks on the Precambrian basement which is exposed in Fennoscandia (the Baltic Shield)and 
in the Ukrainian Shield. Extending eastwards to the Urals are basins covered by Palaeozoic and 
Mesozoic strata. The Devonian Timan Ridge in the north-east, the Kursk Heights with crystalline 
bedrock at the upper Don and the Hercynian folding zone in the Dnieper-Donets area represent 
peculiarities in the geological structuring of eastern Europe. The Ural chain forms the eastern 
boundary of the east European lowlands, while the southern boundary is formed by the northern 
Black Sea coast, the Crimean Mountains and the Great Caucasus. 

The Crimean Mountains (Roman-Kosch 1545 m) are asymmetrically formed with a steep slope to 
the south towards the Black Sea. On that coast – due to protection from cold air in the winter – a 
‘Riviera’ has arisen with a virtually Mediterranean climate. Further to the east the immense chain 
of the Great Caucasus stretches to the Caspian Sea, with several extinct volcanoes higher than 
5000 m (Elbrus 5633 m). In the east, the Urals extend in a north-south direction for approxi-
mately 2500 km. In the northern part they reach their highest summits (Narodnaja 1894 m), while 
in the middle part they are somewhat lower before they rise again in elevation to 1640 m in the 
southern part. 

A number of ridges and plateaux are found in the south of the east European lowlands. These in-
clude the Volyn-Podilsk Upland (Kamula 474 m), the Dnieper, Donets, Central Russian and the 
Volgian uplands as well as the Yergeni Hills in the south. Lowland plains extend between them 
and areas further south. These include the trans-Dnieper, the Oka, Don as well as the Black Sea 
and the Caspian lowland. Further north there are also extensive lowlands, e.g., the Polesje and low 
uplands such as the West Russian Ridge, the Valdai Hills, the Central Russian Uplands and the 
North Russian Ridge. 

The topography of the northern part of eastern Europe is, as it is in the Central European low-
lands, of glacial origin. The furthest incursions towards the south occurred during the so-called 
Dnieper glaciation, which covered the Polesje and the Dnieper lowland to Dnipropetrovsk and the 
Oka-Don lowland to Kalach-na-Donu. The last so-called Valdai glacial created the undulating 
lake landscape as far as a line connecting Vilnius, Vitsyebsk and the Valdai Hills (343 m), and 
extending to the north-east as far as Archangelsk on the White Sea. 
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In the southern part of eastern Europe, periglacial loess deposits are found in the uplands, while 
the north Caspian lowland is covered by saline sand and clay sediments dating from the Pleisto-
cene transgressions over the Caspian Sea. 

The rather flat, vast land surface of eastern Europe, which stretches out across approximately 25˚ 
of latitude, is also characterised by pronounced geographic zonation. The continentality, which 
increases towards the east, provides for arid regions in the south and cold regions in the north. The 
south-west to north-east trend of the zonal boundaries results in a narrowing of the mixed broad-
leaved forest zone towards the east and its complete disappearance east of the Urals. 

For the physiographic subdivision of eastern Europe, climatic, edaphic, phytogeographical and 
geomorphological criteria must be taken into consideration. The decimal classification enumerates 
these subdivision as follows: 

7 CAUCASUS AND CRIMEA 
71  Crimean Peninsula 
72  Pre-Caucasus plains 
73  Great Caucasus 
74  Colchidian (Rioni) lowlands (belonging to Asia Minor) 
75  Kura lowland (belonging to Asia Minor) 
76  Lesser Caucasus (belonging to Asia Minor) 

8 EAST EUROPEAN LOWLAND 
81-82 North Russian lowland 
83  Central Russian lowland 
84  East Baltic and Belarusian lowland 
85-86 South Russian lowland 

9 URAL REGION 
91  Paj-Choj Ridge and Vaygach 
92  Polar Urals 
93  Northern Urals 
94  Central Urals 
95  Southern Urals 
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2.2 Climatic classification of Europe 

Jerzy Kondracki & Udo Bohn 

Geographical location, landmass distribution and topography determine the climatic patterns of 
Europe (see Map 2). Five main thermal zones can be distinguished from north to south: arctic, 
boreal, temperate, submeridional and meridional (see Map 3). These correspond closely to the 
southward progression of zonal vegetation from arctic tundra through boreal coniferous forests 
(taiga) to temperate mesophytic and thermophilous broadleaved deciduous woods as well as the 
steppes and deserts of Eastern Europe, and finally to Mediterranean evergreen sclerophyllous for-
ests and scrub. 

Geographical latitude and regional differentiation of the surface relief affect the climate mainly in 
the form of the solar radiation balance. However, the climate is also influenced by atmospheric 
circulation, although quite differently in the various climatic zones. Due to the westerly circula-
tion and the Gulf Stream, the north of Europe is warmer than would otherwise be the case at that 
latitude; even so, very cold arctic air masses can at times reach the area. In the temperate zone this 
westerly circulation moderates the temperature resulting in relatively mild winters and compara-
bly cool summers. Sometimes, however, dry continental or cold arctic air masses can affect the 
climate so that a great instability in weather patterns is characteristic and causing the course of 
weather to vary considerably over the year. The atmospheric circulation is also influenced con-
tinuously by energy input from the sun that varies according to multiphase rhythms (11 year, 35 
year and longer cycles between cold-moist and warm-dry periods). The Mediterranean region 
obtains stabilisation in summer due to the anticyclone acting as a high-pressure area with warm 
and dry weather, while depressions entering from the west in the winter bring ample precipitation. 
Sometimes this circulation pattern can also reverse. 

The oceanic air masses are warmed by the Gulf Stream, which favourably affects Western and 
Northern Europe (despite its gradual weakening) as a warm subtropical-North Atlantic ocean cur-
rent all the way up to the Kola peninsula. It determines a fundamental aspect of the European cli-
mate and even in the far north moderates the long arctic winters, so that the port of Murmansk 
north of the arctic circle can remain ice-free during the severest of winters. 

In eastern Europe, the Asiatic anticyclone in winter produces a flow of cold, dry air masses caus-
ing an increase in the typical characteristics of continental climates from Western to Eastern 
Europe. These characteristics include: 

1. An increase in the annual range of average monthly temperatures; and 

2. A shift towards a summer precipitation maximum. 

The amount of precipitation that falls per month in the oceanic climates on the western edge of 
Europe is, by contrast, almost the same in every month of the year, and the annual amplitude be-
tween mean monthly temperatures is small. This means that winters tend to be mild and frost-free 
and summers are relatively cool. 
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Atmospheric precipitation is highest in the western portion of the temperate climatic zone, de-
creasing from west to east with increasing continentality. Accordingly, the mean annual precipita-
tion in Valentia (sw Ireland) is 1416 mm (with a winter maximum), while in London it is 612 mm, 
in Warsaw it is 550 mm and in Voronezh (Russia) it is 521 mm (both of the latter have a summer 
maximum). In the arctic north it is even less; in Murmansk (Russia), for example, it is 477 mm. In 
the Mediterranean climate region the precipitation varies greatly. In Palma on Mallorca it is low 
(498 mm) as it is in Athens (407 mm), while in areas affected by the westerly circulation it is 
much higher, with a marked winter maximum: Genoa, for instance, receives 1258 mm, while Ri-
jeka receives 1593 mm. 

Annual precipitation also increases with increasing altitude. In the Alps it is more than 2000 mm, 
while in other mountain ranges it can exceed 4000 mm (e.g., the Dinaric and Scandinavian moun-
tains, Wales). Mean annual temperature, by contrast, decreases continuously with increasing alti-
tude. 

The north-south climatic zonation is most pronounced in the eastern part of Europe, as this repre-
sents a contiguous mainland block that is mostly flat and not broken up by mountain ranges or 
large bodies of water. With respect to the temperature and moisture balance, the following vegeta-
tion related main zones can be distinguished: 

1. arctic tundra zone; 

2. boreal birch and coniferous forest zone (taiga); 

3. temperate coniferous-deciduous forest and deciduous forest zone; 

4. submeridional-continental, periodically dry steppe zone; 

5. submeridional arid, continuously dry desert zone. 

Between these five main zones the following transitional sub-zones or -regions can be distin-
guished: sub-arctic forest tundra, hemiboreal deciduous broadleaved-coniferous forests, sub-
continental forest steppes and semiarid desert steppes. In the western part of Europe the climatic 
zones are not as pronounced because of the compensating oceanic influence and the horizontal 
and vertical structure of the landscape. 

The horizontal and vertical differentiation of the climatic factors and the vegetation types that 
depend on them are of key importance in the physiographical classification of the continent. 
 
Ecological classification of the climates of Europe 

The assignment of the mapping units and formations of the vegetation map of Europe to various 
climatic types primarily follows the world atlas of climate diagrams (WALTER & LIETH, 1967).The 
climatic data (annual precipitation, annual and monthly mean temperatures) for the individual 
mapping units were primarily taken from the climate diagrams published in that work, and in part 
also from other publications. 

A simplified “ecological climate classification of the continents” was published in 1975 by WAL-

TER, HARNICKELL & MÜLLER-DOMBOIS (Climate diagram maps of the individual continents and 
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the ecological climatic regions of the earth). The corresponding climate zones for Europe are dis-
played in Map 2. 
 
Explanation of the climate map (according to WALTER et al. 1975): 

The map shows the ranges of the individual main climate types I-IX, i.e. the regional climates of 
large areas with more or less uniform topography (mainly lowland, hill country and lower moun-
tains). The mountain climates, on the other hand, have been depicted as a single unit (X) without 
subdivision into altitudinal belts or assignment to the major climatic zones. Transitional zones 
between the individual climate types are denoted by combinations of the relevant Roman numer-
als (see below). Climatic gradients (temperature and precipitation) also exist within the ranges of 
the individual climate types from west to east and from north to south. Deviations from the norm 
are marked with additional characters from the alphabet (a, oc, co, fr, r). 

In the following, the climatic types, zones and regions relevant for Europe and represented in Map 
2 are briefly described with respect to their natural vegetation and climatic properties. 
 
Table 1: Climate zones of Europe and their climatic characteristics. 

Climate type – 
Main zonal vegetation 

Climatic characteristics 

III Subtropical arid zone of the deserts - 
Desert vegetation 
 

Extreme daily variations in temperature, night frosts are rare; 
Annual precipitation < 200 mm 

IV Typical Mediterranean climate - 
Mediterranean sclerophyllous vegetation 

Winter rain and long drought periods in the summer; not com-
pletely frost-free, though without a pronounced cold season 

V Warm temperate climate - 
Deciduous broadleaved forests with evergreen 
undergrowth 

High moisture particularly in the summer; 
Cold winters almost lacking, only occasional frost 

VI Typical temperate climate - 
Deciduous mesophytic broadleaved forests  

Relatively short, not very cold winters; warm, occasionally hot 
summers; seasonally ± evenly distributed precipitation (with mild 
winters and cool summers in oceanic areas) 

VII 
 
 
VII 
 
 
VIIa 
 
 
VII 
(rIII) 

Arid temperate climate of continental regions 
with three aridity belts: 
 
Semiarid steppe climate - 
True steppes 
 
Arid semi-desert climate - 
Desert steppes and cold-winter desert 
 
Desert climate with cold winter - 
Cold-winter desert 

Major temperature contrasts between summer and winter; low 
precipitation 
 
Summer dry season without drought 
 
 
Pronounced drought in the summer, short humid season 
 
 
Aridity over the whole year, cold winters as with VII 
 

VIII Cold-temperate or boreal climate zone - 
Boreal coniferous forests, birch forests in oce-
anic regions 

Cool, moist summers; very cold winters lasting over six months 

IX Arctic climatic zone - 
tundras, polar deserts 

Low precipitation distributed evenly over the year; short, moist and 
cool summers; long, very cold winter nights 

X Mountain climates 
(in parentheses is the climate zone prevailing at 
the foot of the mountain range) - 
Region-specific altitudinal belts of the vegeta-
tion 

Usually exhibit features that are typical of the climate zones from 
by which they are surrounded. 
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The types are connected to each other by transitional zones correspondingly labelled with Roman 
numerals, e.g. V-VI, V(IV). The first number indicates the dominant type in each case. 

VI-VII refers to a transition between VI and VII 
V (IV) corresponds to a warm temperate climate (V) but with prevalent winter rains (as with IV). 
VIII-IX = Subarctic zone (the delimitation of zones IX and VIII is based on the duration of the vegetation 

period with daily averages above 10°C. Its duration at the northern boundary of zone VIII is about 
30 days, while at the southern limit it is about 120 days). 

VIII-VI = Hemiboreal zone 
VI-VII  = Moderately arid temperate, subcontinental forest-steppe zone 
VI-IV  = Temperate sub-Mediterranean zone 
V-VI  = Submediterranean zone 
IV-III  = Thermomediterranean arid zone 
 
The transitional zones are white (without their own fill patterns) and are only displayed using Roman numerals. 
Additional symbols: a = arid; oc = oceanic; co = continental; fr = frequent frost. 

 
Map 2: Climatic classification of Europe (modified from WALTER et al. 1975). 
   For an explanation of the legend, see Table 1 and above.
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2.3 Phytogeographical division of Europe  

Eckehart J. Jäger in collaboration with Erik Welk 

Matters of concern, fundamentals and problems  

The division of the earth into floristic kingdoms, regions and provinces aims to delimit areas with 
a floristic inventory as homogeneous as possible. The division of Europe presented here was also 
established for this purpose (MEUSEL & JÄGER 1992; see Map 3). It has already proven valuable 
on many occasions for characterising plant species ranges.  

Unlike vegetation maps, a floristic division is based on the limits of plant distribution ranges, flo-
ristic gradients and floristic contrasts in particular of higher plants, since the ranges for most cryp-
togams are not yet well known.  

The floristic contrast is used to describe the difference in species inventory between two dif-
ferent areas (and wherever appropriate also in the inventory of higher taxonomic units such as 
genera or families), and to thereby assess the rank of the phytogeographic boundaries. For calcu-
lating the floristic contrast between two areas A and B, three numbers are usually used: number 
“a” for species only occuring in area A, number “b” for those only occurring in area B, and num-
ber “c” for those occurring in both areas. The result of the comparison is influenced strongly by 
the total species number of the floras compared. For this reason, several formulae have been pro-
posed, e.g. that of JACCARD: )(

100
cba

c
−+ or that of Soerensen: ba

c
+

200 , both of which indicate the similarity 

in percent (refer to BALGOOY 1971 for other suggestions).  

The f loristic gradient describes the density of different range limits observed in a single direc-
tion within a given distance, i.e. the floristic contrast per distance unit, e.g. the number of Atlantic 
elements disappearing in eastern France and the number of newly appearing subatlantic-
subcontinental plant species. Using the floristic gradient, the position and distinctiveness of a phy-
togeographical boundary are assessed.  

On a continental scale, it can be expected that floristic division corresponds largely to the bounda-
ries of principal vegetation types. However, on a global scale, isolation due to the changing distri-
bution of sea and land may cause major floristic differences between areas that show similar types 
of vegetation due to the effects of convergent evolution.  

Due to a lack of data, an objective floristic division that takes in account the ranges of all species 
is not yet possible today even for a well-studied area like Europe. For the Australasian island re-
gion (Malesia in the sense of phytogeographers), BALGOOY (1971) developed a hierarchical sub-
division by calculating the floristic contrast between the individual islands. For the mainland, es-
tablishing the exact boundaries would only be possible if there were complete floristic lists for all 
the subareas present, i.e. if the entire flora of the area was mapped in a sufficiently fine grid sys-
tem. For Europe, the maps of the Atlas Florae Europaeae so far published in 12 volumes are in-
deed invaluable. However, at the boundaries to the eastern and south-eastern European states, the 
density of records decreases so rapidly that a numeric comparison of all the grid system data is no 
longer feasible. Until now, such a division, whereby the floristic inventory of every grid square is 
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compared to those of all others, has only been carried out successfully for maps presented in the 
East German floristic atlas (BENKERT et al. 1996) by KORSCH (1999). Even here, many problems 
still remain: optimal number of areas to be distinguished; treatment of different species numbers 
in the sub-regions; mosaic-like penetration of similar grid squares which prevents any clear de-
marcation.  

The floristic division presented in map 3 as developed by MEUSEL & JÄGER (1992b) is mainly 
based on frequently reappearing distr ibution limits. In addition to comparing hundreds of dis-
tribution maps, all classification proposals of earlier authors were taken into account (including 
those proposed in floras). The limits were checked time and time again and in some cases were 
corrected slightly (even in the somewhat simplified version presented here).  

For the Iberian Peninsula, RIVAS-MARTÍNEZ et al. (1977, 1987) and BOLÓS (1985) proposed new classifications, as did ALEK-

SANDROVA & JURKOVSKAJA (1989) for temperate Russia, AHTI et al. (1968, zones and sectors) for Scandinavia, MENICKIJ 
(1991) for the Caucasus, ALEKSANDROVA (1980) for the Arctic, LÉONARD (1988), WHITE (1993) and WHITE & LÉONARD 
(1991) for areas in Africa, the Near East and Middle Asia, and CHOCHRJAKOV (1989) and VOLKOVA (1997) for the entire 
boreal-temperate part of Eurasia.  

More recent phytogeographical subdivisions of smaller areas also exist for north-east Italy (POLDINI 1991), south-east Russia 
(BUCHALO 1989), southern Spain (SANCHEZ-GOMEZ et al. 1994), the Crimea and areas east of the Kerch Strait (DIDUCH et al. 
1990) as well as for Belgium, north-east France and the Netherlands in the floras of LAMBINON et al. (1992) and MEIJDEN 
(1990). For these subdivisions, the vegetation was also taken in account to varying extents.  

Methodological problems are associated with all phytogeographical divisions. Every phyto-
geographer finds floristic limits and floristic influences from various directions in his narrow 
working area. It is therefore not surprising that almost everyone speaks of “an interesting transi-
tion area”. However, the floristic boundaries vary in importance depending on the floristic con-
trast, and also differ in clarity depending on the floristic gradient. With steep gradients in physi-
cogeographical factors, clear floristic boundaries are quite obvious. It would not be possible, for 
example, to shift the phytogeographical southern boundary of the Alps by just 5 km. However, in 
extensive lowland areas such as in the Sarmatic Province, the range limits are gradually staggered, 
and demarcation of floristic sub-provinces is arbitrary to a certain extent.  

If one looks at differences in floristic contrast, a hierarchy of floristic areas soon becomes 
evident. When demarcating the phytochores (floristic areas) of higher rank (floristic kingdoms, 
floristic regions), great value is placed on the systematic rank of the characteristic taxa. Thus, for 
demarcating floristic kingdoms, several endemic families should be present, for floristic regions 
several endemic genera, while floristic provinces must be characterised at least by the presence of 
a few endemic species.  

Some floristic classifications in Africa, for example, are based only on the identification of centres 
of endemism and transitional areas lying between them (IVERSEN 1991, WHITE 1993). The global 
classification by TACHTADZHJAN (1978) also concentrated on endemic taxa, irrespective of their 
areas of distribution. The boundaries of the areas were therefore arbitrarily demarcated, primarily 
according to the boundaries of vegetation. Despite of clear floristic differences, Central and north-
ern Europe which are deficient in endemics could not be satisfactorily classified using endemic 
taxa.  
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The value of taxa for demarcating areas has also been discussed with respect to introduced spe-
cies, subspecies and ‘azonal’ aquatic plants. Furthermore, differing opinions have been expressed 
with regard to the evaluation of dominant and frequent species in contrast to rarer, subordinate 
species in the vegetation. While introduced species are typically ignored in global-scaled floristic 
area classifications, we did include well-established naturalised species for Europe, since due to 
the rapid anthropogenic colonisation of their potential ranges, such species make ecogeographic 
boundaries particularly clear. With respect to zonal and oceanic-continental gradients, water and 
wetland plants also reveal quite clear boundaries. At the range limits of dominant species, some of 
their companion species also disappear. A different evaluation of dominant and rarer species 
would therefore not affect the result considerably.  

If the range limits of agamospecies or subspecies are well known, they may also be taken into 
account in the division of Central and northern Europe. Such recently settled areas can otherwise 
only be characterised by species combinations. For the temperate and boreal European floras, a 
reduced number of taxa became characteristic as a result of glaciation during the Quarternary pe-
riod, a process that led to the success of apomictic and anthropogenic taxa (Potentilla, Rosa, Ru-
bus, Alchemilla, Taraxacum, Hieracium, as well as Aster and Oenothera, SCHOLZ 1991).  

Occasionally, the limit of a floristic area of high rank can be less prominent than that of its subor-
dinate units. For example, if one draws the southern boundary of the Holarctic floristic kingdom 
right through the Sahara, as the crossover from holarctic-extratropic to sudanian-subtropical taxa 
would support (WHITE 1993), the floristic gradient there is much less steep than it is at the south-
ern slope of the Atlas mountains that form the southern limit of the Mediterranean region, i.e. a 
floristic area ranked one stage lower.  

In general, floristic division refers to lowland and colline belts as well as to a uniform type of se-
quence of mountain altitudinal belts in the area considered. However, in expansive highland areas, 
for example in Central Asia, this is not possible. The Alps, Carpathians and Caucasus have so 
many of their own species that they were ranked as sub-regions (extending over two zones) in 
their own right. The subdivision of the Alps varies dependent on the different altitude belts, 
whereby the montane belt is more homogeneous in composition than the lower ones (HÜBL & 

NIKLFELD 1973).  

All floristic area limits are dynamic since plant distribution is influenced by climatic changes. The 
increase in winter temperature and precipitation at more northern latitudes is currently bringing 
about a major increase in oceanicity. With an increase in average January temperatures by around 
3 °C and summer temperatures by about 1 °C, the British Isles would for instance be excluded 
completely from the potential range of Tilia cordata, while a rise in the July average by about 
3 °C and the January average by about 1 °C would enlarge the potential range of this tree into 
Ireland. The medieval warmings (500-600 and 1000-1200 A.D.) and the ‘Little Ice Age’ (1550-
1700, 1820-1860 A.D.), supposedly accompanied by comparable temperature changes, may have 
led to similar effects (CRAWFORD 2000). But not only the amount of precipitation, also the chang-
ing seasonality of rainfall controls the plant distribution. The associated variable leaching and 
wetting of the soils as well as the impact on the permafrost range crucially influence the range 
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limits and the distribution of the natural vegetation.  

In combination with the map of the natural vegetation of Europe, the phytogeographical classifi-
cation forms an important basis for the geographic differentiation of natural vegetation for all 
formations, and for characterising the range and optimal occurrence of the individual mapping 
units (see chapter 5.4.1). A direct conformity of the floristic and vegetation boundaries is not to be 
expected however, because amongst other reasons the phytogeographic subdivision is based on 
the entire spectrum of native and introduced plants. 
 
Floristic zones and regional subdivision  

In the classification presented here (Map 3), the floristic zones are also included (given on the left 
side of the map), which together with the phytogeographic oceanicity and altitudinal belts allow a 
short and comparable description of the plant ranges. The floristic zones do not correspond ex-
actly to the vegetation areas, since the oceanic-continental gradient was excluded in their demar-
cation, a factor which causes the prominent peripheral-central change of the vegetation within the 
floristic zones.  

The arctic zone contains the polar deserts and arctic tundras of Europe. The southern limit of this 
zone coincides in Fennoscandia and Russia with the arctic tree line. This zone is characterised by 
circumpolar species such as Poa arctica, Luzula confusa, Cerastium regelii, Draba corymbosa, 
and by the absence of boreal floristic elements such as Salix myrtilloides, Linnaea borealis, Le-
dum palustre, Carex globularis, and C. chordorrhiza.  

The boreal zone in general includes the taiga (i. e. northern coniferous forest) areas but in highly 
oceanic areas, e.g. in Iceland, on the Faeroe Islands and in western Norway, also birch forest areas 
and forest-free areas in which boreal herbaceous perennials and dwarf shrubs such as Calypso 
bulbosa, Listera cordata, Rubus arcticus, Empetrum hermaphroditum, and Cornus suecica occur.  

In the temperate zone the formation of deciduous broadleaved forest extends from the Atlantic to 
the Urals, although in the north it is also strongly interspersed with Taiga elements, and in the 
south with islands of steppe vegetation. East of the Urals, small-leaved steppic forests with birch, 
aspen and pine are placed in the temperate zone, a view supported by the ranges of steppe forest 
plants which are distributed mainly temperately also in Central and eastern Europe (Dracocepha-
lum ruyschiana, Crepis praemorsa, Hypochaeris maculata, Tragopogon pratensis s. l.). The 
southern limit of the temperate zone is marked in the whole of Eurasia by e. g. Calamagrostis 
arundinacea, Carex vaginata, C. limosa, C. lasiocarpa, and Calla palustris.  

The oceanicity gradient is very steep in southern zones. Large parts of the suboceanic areas of the 
submeridional zone are inhabited in Europe by Mediterranean sclerophyllous vegetation (Cata-
lan-Provencal, Ligurian-Latic and circum-Adriatic provinces), while in the cold winter and moist 
summer parts of the central sub-Mediterranean province group (the Apennine and Balkan penin-
sulas) and in the eastern sub-Mediterranean province group (northern Anatolia and the Crimea to 
the Caucasus), species-rich deciduous woods predominate. In continental, drier sectors of the zone 
they are gradually replaced by forest steppe complexes and in the central and eastern Pontic zone 
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by steppes. The southern boundary of the submeridional zone is marked in these different regions 
by the ranges of Artemisia absinthium, Eleocharis acicularis or Carex riparia for example.  

The southern boundary of the meridional zone is at the same time the boundary of the Holarctic 
floristic kingdom. It is determined by the range limits of many taxa of higher rank (Betulaceae, 
Fagaceae, Salicaceae, Platanaceae, Ranunculaceae, Paeoniaceae, Brassicaceae, Rosaceae, 
Aceraceae, Primulaceae). Amongst the species ranges there are only a few that can overcome the 
large span of oceanicity/humidity along this limit and in this way connect the very different vege-
tation areas at the southern edge of the Holarctic. Above all, these consist of elements of ‘azonal’ 
vegetation, i.e. wetland, water and rock plants that are less influenced by differences in precipita-
tion, especially if they are salt-tolerant (Equisetum arvense, Alisma plantago-aquatica, Poa prat-
ensis agg., Juniperus communis, Cystopteris fragilis), as well as plants with synanthropic ranges 
(Plantago major, the genus Carduus, Descurainia sophia). In west Eurasia, Bromus tectorum, 
Poa bulbosa as well as the genera Colchicum and Helianthemum mark the southern boundary of 
the meridional zone. The characteristic elements of this zone usually disappear to the north only in 
the submeridional zone (Cistus, Daphne oleoides group, Arbutus etc.). 
 
Floristic regions of Europe  

Europe participates in 5 floristic regions (not entered in Map 3, cf. MEUSEL & JÄGER 1992). The 
Circumarctic and the Circumboreal floristic regions are circumpolar because of the recent pos-
sibilities of plant dispersal, i.e. they extend to North America. Their boundaries correspond to the 
floristic zone boundaries with the same name.  

The Middle European region with the Atlantic, Subatlantic, Central European and Sarmatic flo-
ristic provinces is completely restricted to temperate Europe. Together with the western, central 
and eastern sub-Mediterranean provinces it comprises the European broadleaved deciduous forest 
area. For the Middle European region, the mixing of relatively species-poor deciduous forest flora 
with numerous elements of Mediterranean origin is characteristic. In the Atlantic province, lauro-
phyllous woody plants and oceanic conifers might dominate, had these taxa not died out due to 
the late Tertiary-Quaternary cooling and aridisation (JÄGER 1969: pp. 406). An indication for this 
is the excellent growth and naturalisation of many non-native laurophyllous woody plants in this 
area (e.g. Rhododendron ponticum).  

In the south-east, Europe has a share of the south Siberian-Pontic-Pannonian region with many 
relatively young steppe plant taxa that are characteristic for the western side of Eurasia, and 
whose origin can be sought in the coastal areas of the ancient Mediterranean Sea (Tethys) (species 
of Stipa, Festuca, Koeleria, Agropyron s. str., Astragalus, Onosma, Salvia, Artemisia etc.).  

In the extreme south-east, the map covers a small part of the Oriental-Turanian region which is 
situated mainly outside Europe in the meridional zone (central Anatolian, Armenian, Syrian, 
Araksian, Hyrcanian, Iranian and South Turanian provinces, and the submeridional Aralo-Caspian 
province). It is rich in geophytic taxa (Muscari, Tulipa), thorn-cushion taxa (Acantholimon), this-
tle relatives (Centaurea, Cousinia) and hapaxanthic xerophytes (Verbascum).  
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The Macaronesian-Mediterranean region extends beyond Europe into the north-west African 
mountain ranges and along the southern coast of the Mediterranean Sea to Egypt, further into the 
western fringes of Asia minor and the Near East (Israel, Lebanon, West Syria, the Mediterranean 
margins of Turkey). It is characterised by elements of evergreen sclerophyllous forests (Quercus 
ilex, Q. coccifera, Q. suber, Olea europaea, Ceratonia siliqua), and relicts of laurel forest vegeta-
tion (Laurus nobilis, Prunus laurocerasus, P. lusitanica, Laurus azorica etc.). Many of these ele-
ments extend to the sub-Mediterranean sub-region (e.g. Pistacia, Punica, Arbutus, Cistus, 
Rhamnus alaternus, Buxus, Laurus, Prunus laurocerasus, Rhododendron ponticum), that also 
contains the richest refuge areas for broadleaved deciduous forests in their central and eastern 
provinces (particularly in montainous regions such as the Caucasus, northern Anatolia, Balkans, 
Illyria and the south-eastern Alps). Thermophilous forests of Quercus pubescens, Q. pyrenaica, 
Q. faginea, Q. cerris, Q. frainetto, Q. polycarpa, Carpinus orientalis as well as Ostrya carpinifo-
lia, Fraxinus ornus and Pinus nigra predominate over large areas. Some authors have therefore 
included this sub-region into the Central European region (for a full discussion see: MEUSEL et al. 
1965: 48-49). In mild winter coastal areas, however, the sub-region contains evergreen vegetation, 
and most genera are of Mediterranean origin. The Atlantic islands (Canaries, Madeira and the 
Azores), which have never been connected to the mainland, were colonised mainly by species 
from the Mediterranean region. For this reason they are associated with the Mediterranean region 
as the Macaronesian sub-region characterised by many plants of laurel forests.   
 
Examples of subdivision of floristic regions  

The floristic regions are further subdivided into floristic provinces and floristic districts (see Map 
3). In some cases several provinces are grouped together in sub-regions (sub-Mediterranean, Al-
pine, Carpathian, and Caucasian sub-regions) or province groups (western, central and eastern 
Mediterranean as well as the western, central and eastern sub-Mediterranean province groups). 
The boundaries of all of these areas cannot be justified within the scope of this report. For this 
purpose, one can compare the introductions of MEUSEL et al. (1965) and MEUSEL & JÄGER (1992), 
and for discussing individual areas the regular reports on phytogeography published in 
“Fortschritte der Botanik” and “Progress in Botany” (JÄGER 1969-1995).  

Only the 4 provinces of the Middle European region shall be described here as examples.  

The eastern limit of the Atlantic province (cf. ROISIN 1969) is marked by many inhabitants of 
oligotrophic soils and waters, e.g. Genista anglica, Ulex europaeus, Eleocharis multicaulis, 
Wahlenbergia hederacea, Deschampsia setacea, Baldellia ranunculoides and about 2 dozen fur-
ther species, although not all that DUPONT (1962) listed, since amongst those are also altimontane 
plants and western relatives of continental taxa (for a full discussion: JÄGER 1968: pp. 289). This 
limit is also the western limit of plants of the summer-green broadleaved forest demanding a 
warm and moist summer climate (Carex montana, Campanula cervicaria, Melica nutans, 
Calamagrostis arundinacea, Tanacetum corymbosum) and of xerothermic grassland elements that 
are often adapted to summer rains and cold winters (Aster amellus etc.). However, none of these 
single range limits corresponds exactly to the province boundary. This also applies to the borders 
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mentioned in the following. It is therefore not surprising that the boundaries of the Atlantic prov-
ince, one of the earliest floristic provinces established, have already been pushed westwards and 
eastwards several times.  

The eastern border of the Subatlantic province is characterised both by the disappearance of 
oceanic species like Hypericum pulchrum, Helleborus foetidus, Ilex aquifolium, Digitalis pur-
purea, Potentilla sterilis, Dryopteris affinis, and by the appearance of more eastern species (Carex 
pilosa, Hepatica nobilis, Fragaria viridis, Scabiosa canescens, Hieracium cymosum etc.). In par-
ticular the combination of Atlantic/Subatlantic and eastern elements, the latter of which are lack-
ing in the Atlantic province, is therefore characteristic for this province, while as far as endemic 
taxa are concerned only a few apomictic species or taxa of questionable species rank can be 
named (Rubus fasciculatus, R. vestitus, R. rudis, R. langei, Oenanthe conioides).  

The eastern border of the Central European province, which corresponds approximately to the –
4 °C January isotherm, is characterised by the eastern distribution limit of several tree species and 
their companions (Fagus sylvatica, Taxus baccata, Quercus petraea, Acer pseudoplatanus, Tilia 
platyphyllos, Melica uniflora) while eastern species of the deciduous forest flora reach their west-
ern limits here (Carex pediformis, Euonymus verrucosa, Ranunculus cassubicus, Geum alep-
picum). This boundary corresponds also to the borders of vicarious species pairs, which encoun-
tered each other here during the postglacial recolonisation from the south-west and east (Carlina 
vulgaris/C. biebersteinii, Helictotrichon pratense/H. schellianum, Seseli libanotis/S. intermedium, 
Heracleum sphondylium subsp. sphondylium/H. s. subsp. sibiricum). Corydalis pumila, Gagea 
pratensis, Carex brizoides, C. umbrosa, and Hierochloë australis are restricted largely to the Cen-
tral European province.  

The tree species of the deciduous broadleaved forest which occur still further eastward,  namely 
Quercus robur, Alnus glutinosa, Ulmus glabra, Acer platanoides, Tilia cordata and shrubs such 
as Corylus avellana extend together through the Sarmatic province to the Urals which form a 
distinct boundary with Siberia. Only the small-leaved lime has some outposts beyond the moun-
tain range and recurs in the Altai area together with some herbaceous perennials (Asarum eu-
ropaeum, Carex sylvatica, Gagea lutea, Dryopteris filix-mas, Circaea lutetiana) in ‘subnemoral’ 
forests with a tree layer dominated by conifers. Already in the north-eastern corner of the Sar-
matic Province, Siberian conifers (Abies sibirica, Pinus sibirica, Larix sibirica) and their Asian 
companions (e.g. Cacalia hastata) become dominant in the forests, whereas in the south-east, 
steppe elements (Phlomis tuberosa, Serratula gmelinii) are to be found. However, a large number 
of European species support the bond within the Sarmatic province also in the north-east (Calluna 
vulgaris, Deschampsia flexuosa, Daphne mezereum, Nardus stricta, Carex nigra, Anthoxanthum 
odoratum, Milium effusum etc.).  

The subdivision of the extensive Sarmatic province into 4 sub-provinces is consistent with the, 
albeit steady, west to east and north to south floristic gradients. Fraxinus excelsior, Hepatica no-
bilis, Galium schultesii, Carex remota, C. panicea, Danthonia decumbens, Briza media, Cynosu-
rus cristatus and Arrhenatherum elatius extend from the west into the western Sarmatic sub-
provinces, whereas Carpinus betulus and Anthericum ramosum extend into the south-western 
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Sarmatic province. In the northern Sarmatic subprovinces, mire and taiga elements penetrate from 
the north (Carex loliacea, C. chordorrhiza, C. rhynchophysa, Corallorhiza trifida, Conioselinum 
tataricum, Betula humilis, Alnus incana etc.), while the southern Sarmatic subprovinces are part 
of the ranges of Gratiola officinalis, Salvia nemorosa, Scorzonera hispanica, S. purpurea, 
Tragopogon dubius, Ulmus minor, Salix fragilis, Carex pilosa and Juncus atratus which also 
characterise the southern subprovinces in Central Europe.  

The boundary between the northern and southern temperate subzone extends farther westward at 
the northern edge of the low mountain ranges and hill areas through Central Europe and the sub-
Atlantic province and runs over Belgium and northern France to the Atlantic. Up to this line, 
many plants extend from the Mediterranean area in the south, e.g. Cornus mas, Thesium bavarum, 
Ophrys sphegodes, while e.g. Empetrum nigrum and Thymus serpyllum reach it from the north. 
With this line the southern subprovinces (Hercynian and Polonian subprovinces) are delimited in 
Central Europe from the Baltic subprovince.  

The Hercynian subprovince can be further divided into 4 district groups: the Franco-Bavarian, 
the Bohemian-Moravian, the Sudeten and the Saxon-Thuringian. Within the latter the Saale-
Unstrut district may be named as an example of a floristic district, which already DRUDE (1902) 
characterised as possessing many thermophilous elements (Helianthemum apenninum, H. oe-
landicum subsp. incanum, Globularia punctata). A further example is the south British district 
within the Atlantic province, to which Tilia cordata, Campanula trachelium, Carpinus betulus, 
Aceras anthropophorum and Himantoglossum hircinum are restricted on the British Isles. 
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3 The Late-Glacial and Holocene vegetation history of Europe 

Gerhard Lang, Kamil Rybníček, Eliška Rybníčková 

Introduction 

The development of the present day vegetation cover of Europe has been decisively influenced by 
events occuring since the end of the Tertiary: From the beginning of the Quarternary, pronounced 
climatic changes in the form of several glacial periods interrupted by warmer interglacials oc-
curred, apparently as a consequence of periodic changes in the earth’s orbit. The repeated climatic 
changes led to continuous changes in the distributions of plant species and in particular to a grad-
ual loss of woody species within Europe. 

The Late-Glacial (15000 to 10000 BP1) and the Post Glacial or Holocene (10000 BP to present) 
eras have been decisive periods in the development of the present vegetation (see Table 2). From 
the end of the last glacial epoch/period, when most of Europe was unforested (Map 4), woodland 
gradually developed to become the dominant natural formation of today. As in the preceding in-
terglacials its development was determined by natural climatic changes, particularly temperature, 
which in combination with soil development resulted in relatively rapid migration of plants. 

The development of the present real vegetation (“aktuelle Vegetation”) during the Holocene, 
however, was to a great extent influenced also by a second factor, which was absent during the 
interglacials, i.e. the ever increasing influence of man from the beginning of the Neolithic period. 
The spread of non-nomadic agricultural communities from the Near East to south-east Europe and 
thence to the north-west, north and north-east, occured principally over the period from 10000 to 
5000 BP. This led to considerable changes in, and displacement of, woodland and resulted in a 
change from a ‘natural’ landscape to a ‘cultural’ landscape. Changes in mesoclimates, transforma-
tions of forest soils into agricultural ones, changes in the water regimes and the appearance of 
erosion followed. This led regionally to secondary plant migration, to changes in vegetation zona-
tions (both horizontal and altitudinal), to the development of new agricultural and synanthrop 
ecosystems, to steppes and deserts (aridisation and desertification) as well as to increased paludi-
fication and expansion of peatlands, especially in the uplands and in the north. 

The Late-Glacial and Holocene vegetation history of Europe is so diverse that the continent ought 
not to be dealt with as a whole, but instead it should be subdivided into several individual smaller 
regions. For this purpose, the zonation of the present natural vegetation can be used as a basis 
(Map 5): on the one hand this includes a sequence of zones extending from north to south, i.e. 
from arctic tundras (A) to boreal coniferous forests (B), temperate (nemoral) deciduous forests 
(T), Mediterranean sclerophyllous forests (M), Pontic-Caspian steppes and semi-deserts (P). On 
the other hand three major forest regions can be distinguished from west to east corresponding to 
their decreasing oceanicity and increasing continentality. In addition, the Colchis and Caucasus 
                                                            
1  All age data characterised with BP relate to conventional radiocarbon years before present, i.e. to uncali-

brated carbon-14-data. Compared to calendar years, which are given in years BC (Before Christ) or AD 
(Anno Domini), the uncalibrated carbon-14-data are 500-1000 years too young in the middle and early Holo-
cene (see Table 2). 
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region (K) is also included at the eastern extremes. Naturally, most of these areas are not in them-
selves homogeneous, but are also structured regarding e.g. relief (valleys and mountain ranges) 
and substratum (limestone and silicates), with their own individual influence on the development 
of vegetation. Wherever possible, this fact shall be considered in the text. However, we are not 
able to discuss the changes in azonal vegetation, because of the limited scope of this text. Regard-
ing the ordering of the regions we shall start in the south and south-east, so that we shall effec-
tively follow the Late-Glacial and Holocene spreading of forests from the south/south-east to the 
north/north-west, as well as the more or less similarly directed advance of permanent agricultural 
settlement throughout Europe. 
 
Table 2: Overview on the chronological classification of the Late-Glacial and the Holocene. Age dates in calen-

dar years resp. calibrated radiocarbon years (AD, BC) and uncalibrated (conventional) radiocarbon 
years (BP). 

Calendar years Radio carbon years Chronozones  
(cal 14C) (uncal 14C)   

1950 AD 0 BP ------------------------------  

950 AD 1 000 BP   
 Sub-Atlantic  

50 BC 2 000 BP   

800 BC 2 500 BP ------------------------------  

1300 BC 3 000 BP   
 Sub-Boreal Holocene 

2550 BC 4 000 BP  (Postglacial) 

3800 BC 5 000 BP ------------------------------  

4900 BC 6 000 BP   
 Atlantic  

6000 BC 7 000 BP   

7050 BC 8 000 BP ------------------------------  
 Boreal  

7850 BC 9 000 BP ------------------------------  
 Preboreal  

9150 BC 10000 BP -------------------------------------------------------------- 
 Younger Dryas  
 11000 BP ------------------------------  
 Allerød + Older Dryas  
 12000 BP ------------------------------  
 Bølling + Older Dryas Late-Glacial 
 13000 BP ------------------------------  

 14000 BP Oldest Dryas  

 15000 BP -------------------------------------------------------------- 

  Pleniglacial 
 
 

As important sources for the following review, papers by BERGLUND, BIRKS, RALSKA-JASIEWICZOWA & WRIGHT (1996), 
GLIEMEROTH (1995), HUNTLEY (1988, 1990), HUNTLEY & BIRKS (1983) and LANG (1994) were available, while for eastern 
Europe the already dated monograph of NEJSTADT (1957) and the more recent review of KHOTINSKIJ (1984) were used. LANG 
(1994) provided a comprehensive view of the “Quaternary vegetation history of Europe”, in which a short outline of the 
research history and the methods applied can be found. References mentioned in the list of literature of Lang’s book are not 
included amongst the references published in this volume. For the individual regions, just a selection of the most important 
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investigations is cited in each case. The archaeological data are based on reviews provided by LICHARDUS & LICHARDUS-
ITTEN (1985), BREUNIG (1987) and HÖNEISEN (1990). 

 
Mediterranean Zone (M) 

The main features of the Late-Glacial and Holocene vegetation history of the Mediterranean area 
can be distinguished from those of northern parts of Europe particularly by the presence already 
of evergreen forests from the Tertiary, by the survival of many deciduous forests in glacial refugia 
during the Pleistocene ice ages, and by the intense and long-lasting agricultural influence on vege-
tation during the Holocene Three regions can be distinguished, namely the western, central and 
eastern ones. 
 
Western Mediterranean Region (Ma) 

This region covers the major part of the Iberian Peninsula and the southern coast of France, which 
represent areas with variable relief, climate and flora. Relatively little information is available 
regarding the vegetation history. 

During the early Late- Glacial, Artemisia steppes with scattered occurrences of Pinus were wide-
spread. In the more recent Late-Glacial and at the start of the Holocene, deciduous Quercus for-
ests expanded, with Betula at higher altitudes. Corylus was always of less importance. Both de-
ciduous and evergreen Quercus species were presumably able to survive the Pleistocene ice ages 
in glacial refugia in this region. Evergreen Quercus and other evergreen trees were already present 
near the coast in the south and south-west during the Late-Glacial, and in other areas from about 
8000 BP. The expansion of evergreen tree and shrub species inland to the north may have been 
greatly encouraged by human influences like grazing, fire and consequent soil erosion. For the 
endemic Abies pinsapo it can be assumed that a glacial refugium existed in the south Spanish 
mountain range. Fagus and Abies alba spread to the south of France and the Pyrenees in the first 
half of the Holocene from the east. 

The oldest Neolithic cultures, dated at about 7500 BP, have been confirmed in southern Spain and 
the south of France. However, the influence of grazing on vegetation has also been observed in 
other parts of the region from this time. Pollen analyses have revealed that, in the montane pla-
teaux of Portugal and Spain, intense cultivation of cereals and Olea was already practised from 
about 3000 BP, and that it was associated with major landscape and vegetation changes, such as 
the expansion of Erica arborea as a result of increasing grazing. 

Details can be obtained from studies published e.g. by FLORSCHÜTZ & MENÉNDEZ AMOR (1962), MENÉNDEZ AMOR & FLOR-

SCHÜTZ (1964), FLORSCHÜTZ et al. (1971), PONS (1980), JANSSEN & WOLDRINGH (1981), PONS & REILLE (1988), VAN DER 

KNAAP (1990), VAN DER KNAAP & VAN LEEUWEN (1991). 
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Map 4: Vegetation of Europe around 20000 BP (maximal expansion of ice during the last ice age). The position 
of single isolated forest islands is partly hypothetical. Modified according to ANDERSEN & BORNS 
(1994) and LANG (1994). 
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A Arctic zone 
B Boreal zone 
Ba Boreo-Atlantic region 
Bb Fennoscandic region 
Bc Boreo-Russian region 

T  Temperate zone 
Ta Hemiboreal region 
Tb Atlantic region 
Tc Central European region 
Td East European region 
Te Balkan region 
Tf Region of the Pyrenees 
Tg Region of the Alps 
Th Region of the Carpathian Mountains 
K  Colchis-Caucasus zone 

P  Pontic-Caspian zone 
M Mediterranean region 
Ma West Mediterranean region 
Mb Central Mediterranean region 
Mc East Mediterranean region

 
 
Map 5: Zones and regions of vegetation history (based on LANG 1994, borders slightly changed).
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Central Mediterranean Region (Mb) 

To this region belong Corsica, Sardinia and Sicily, the greater part of the Apennine peninsula as 
well as the narrow eastern margin of the Adriatic coast. As in other parts of the Mediterranean, it 
has a very varied relief (with peaks of 3270m in Sicily and 2710m in Corsica) and a correspond-
ingly varied climate and vegetation. Local mountain glaciation during the ice ages had scarcely 
any direct influence on the vegetation development. 

The early Late-Glacial was at first still characterised by an extensive open treeless vegetation. The 
Artemisia dominated steppes that prevailed here may have been scattered with small stands of 
deciduous trees and, particularly in the southernmost parts of the Apennine peninsula, also Abies. 
The region is considered to be an important glacial refugium. In the younger Late-Glacial a scrub 
vegetation (open woodland) prevailed, mainly with deciduous Quercus species and other decidu-
ous broadleaved trees (Ulmus, Tilia, Fagus, Carpinus, Corylus), as well as various Pinus species 
and sporadic Abies. 

In the early Holocene, mixed deciduous Quercus forests covered the lower altitudes, while Fagus-
Abies forests were predominant in the mountains. Evergreen vegetation gradually began to replace 
the deciduous oak forests in the second half of the Holocene, a consequence of grazing by domes-
ticated animals of the Neolithic populations as well as fire and increased soil erosion. In southern 
Italy, archaeologists have dated the beginning of the Neolithic Age to about 7000 BP (6300 BC), 
and the start of cereal cultivation at about 6500 BP. However, the extensive deforestation and 
intensive arable farming occurred later at about 3000 BP. Islands such as Corsica have revealed 
differing vegetation histories in some respects: Pinus nigra subsp. laricio was locally present 
since about 12000 BP, Erica arborea has prevailed since the first half of the Holocene., Great 
changes in vegetation occurred during the period of the Roman Empire, particularly in the central 
Mediterranean, when numerous secondary plant communities originated. 

For further details see e.g. the papers by BEUG (1961, 1964, 1975), BONATTI (1970), GRÜGER (1977), SCHNEIDER (1985), and 
JAHNS (1990). The vegetation history of Corsica was studied by REILLE (1975). 

 
Eastern Mediterranean Region (Mc) 

This consists of the southern part of the Balkan peninsula and the Aegean island region. The large 
variations in altitude in this area (Mount Olympus 2911 m) are reflected in diverse climatic and 
floristic conditions. The local mountain glaciation during the Pleistocene ice ages had hardly any 
influence on the development of the vegetation. 

In the early Late-Glacial period, steppes with Artemisia and Ephedra amongst other species pre-
vailed, mostly at middle altitudes. Small, isolated tree and/or shrub stands were probably present. 
Glacial refugia of many European forest trees are presumed in this region, e.g. for Abies, Acer, 
Carpinus betulus, Ostrya, Fagus, Fraxinus, Ulmus, Tilia, Corylus, Olea, Quercus (both deciduous 
and evergreen species). After that, the deciduous forests expanded (deciduous Quercus species, 
Ulmus, Tilia, Ostrya), while coniferous forests with Pinus spread locally. At higher altitudes, for-
ests with Fagus and Abies occurred sporadically. Mixed deciduous forests covered the region up 
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to high altitudes in the first half of the Holocene. After about 6500 BP these were accompanied by 
Ostrya/Carpinus orientalis. 

The lower parts of the region with mixed deciduous oak forests were settled very early: the first 
agricultural grazing cultures (based on goats and sheep) are known from about 10000 to 9000 BP. 
Archaeologists dated the first cereal cultivation back to between 9000 and 8000 BP. According to 
palynological data, the start of intense agriculture including fruit farming (cereals, Olea, Vitis, 
Juglans, Castanea) connected with widespread timber-felling, has been dated to c. 3000 BP, 
which corresponds approximately to the Hellenic Era. Clearing, grazing and fire with subsequent 
soil erosion initiated a secondary expansion of evergreen trees (Quercus ilex, Pistacia etc.). In 
limestone areas severe soil erosion led to karst formations. As a result of secondary migrations of 
numerous plants, apparently natural xeric plant communities formed, and shifts in vertical vegeta-
tion belts occurred. Only a few mountain areas kept their natural character. 

Reviews of the vegetation history of this region were published by VAN ZEIST & BOTTEMA (1982), BOTTEMA (1982). 
BOTTEMA (1974, 1979, 1980), ATHANASIADIS (1975), TURNER & GREIG (1975) provided information about smaller areas. 

 
Temperate Zone (T) 

The temperate zone includes the majority of western, Central and eastern Europe as well as their 
mountain ranges with deciduous forests. In general, the vegetation development of these areas is 
characterised by a succession from forest-free vegetation to Betula-Pinus stands in the Late-
Glacial and the early Holocene, and a subsequent expansion of mixed broadleaf woodland, some-
times with a contribution from various conifers. In the non-glaciated periglacial areas, the soils 
and their vegetation cover remained during the entire Pleistocene Epoch, although subject to many 
changes. By contrast, in the glaciated areas, the development of soils and vegetation began repeat-
edly with the initial phases on bare, vegetation-free ground. Human settlement in the zone, which 
resulted in an extensive deforesteation and changes in vegetation, started at the latest at around 
7500 BP from the south-east and stopped during the Middle Ages. Eight regions can be distin-
guished including separate mountain ranges, characterised by specific vegetation sequences. 
 
Balkan Region (Te) 

The region covers the mountain ranges of the Balkan peninsula (the Dinaric Alps, Rhodopes etc 
and the Danubian lowlands, i.e. a considerable part of south-east Europe. Local glaciers occurred 
during the last glacial period. Along with the eastern Mediterranean Zone (Mc), this region be-
longs to the most important glacial refugia for many Central European trees, e.g. for Abies alba, 
Acer, Carpinus betulus, Fagus, Fraxinus excelsior, Ostrya, Tilia, Ulmus, and some deciduous 
Quercus species. Despite this importance, just a few studies have been made on the vegetation 
history of this area, with the exception of Bulgaria. 

In the Late-Glacial period, montane areas were covered with open steppe vegetation,with sporadic 
stands of Pinus sect. diploxylon (P. sylvestris, P. nigra, P. heldreichii etc.) and haploxylon (P. 
peuce). Refugial stands of the abovementioned deciduous trees surviving the glacial period here 
were most probably present at low altitudes. In the Holocene, vegetation development is charac-
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terised above all by the strong expansion of mixed Quercus forests with Carpinus, Ostrya, Ulmus 
and Tilia. In the middle Holocene these forests reached much higher altitudes than they do today. 
The mass expansion of Abies occurred between 4000 and 6000 BP, while that of Fagus started 
later, after about 4000 BP. 

Agriculture appeared very early in this region, similar to the eastern Mediterranean Region. Ar-
chaeological finds of Neolithic settlements date back to about 7500 BP. After 3500 BP, extensive 
mountainous areas were deforested by the ancient Greeks for sheep breeding. This led to soil ero-
sion, karst formation and the secondary expansion of many plants. 

Basic information is available from studies by BOŽILOVA & TONKOV (1990) and FILIPOVITCH (1976, 1987). 

 
Central European Region (Tc) 

This region consists of lowlands in the north and at the southern edge of the Alps as well as nu-
merous low mountain ranges, such as the Harz (1142 m maximum), the Sudetic mountains 
(1602 m), the Erzgebirge (1244 m), the Bavarian-Bohemian Forest (1456 m), the Black Forest 
(1493 m), the Vosges (1426 m), the Massif Central (1886 m), and the North Apennines 
(2165 m). The Pyrénées (Tf), the Alps (Tg) and the Carpathian Mountains (Th) are discussed 
separately. The northern parts of the Central European Region were covered by spurs extending 
from the northern ice sheet during the last glacial period. The Alpine glaciers extended far over 
the foothills but the higher low mountain ranges showed only local glaciation. All these glaciers 
started melting during the early Late-Glacial period. However, the greater part of the region re-
mained ice-free during the whole Pleistocene. In these periglacial areas, especially in those that 
remained ice-free during the penultimate ice age (Riss glaciation), soils and vegetation existed 
continuously for a substantial period of time. 

The reforestation of the open steppe-tundra landscapes had already started at low altitudes in the 
Late-Glacial : in the south at around 12500 BP during the Bølling, in the north a little later during 
the Allerød. In the north-west and west the vegetation was dominated by Betula; in the south-
west, south-east and east by Pinus (sylvestris). The vegetation development in the first half of the 
Holocene, especially in the Boreal, was characterised by the mass expansion of Corylus particu-
larly in the west, and then later in the Atlantic by the spreading of Quercus, Ulmus, Tilia and other 
deciduous trees. In the second half of the Holocene, Fagus expanded continuously from the south-
east to the north and north-west. In the south-east and east it invaded the Picea stands, and in the 
west it replaced some Quercus mixed forests. In the south, Fagus was accompanied and some-
times even superseded by Abies alba. In the Holocene, Picea abies migrated gradually from east 
to west into the low mountain ranges north of the Alps. However, it was never so abundant as in 
the high Carpathians or the interior of the Alps. The pattern of development described above has 
been designated since FIRBAS (1949) as “the basic Central European sequence”. Because of the 
substantial spatial extent of this region, the sequence of forest-free vegetation → Betula/Pinus → 
Corylus/Quercetum mixtum → Fagus and/or Fagus/Abies can vary somewhat depending on geo-
graphic location and elevation. 
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The first isolated forest clearings in loess areas of early settled landscapes characterise the start of 
the Neolithic period, which dates back to 7000 BP in the lowlands, the south-east and the centre, 
and in the north to around 5000 BP. From the Bronze Age and the Iron Age to the Middle Ages 
human impacts increased relentlessly. In the lately settled low mountain ranges, the beginnings of 
agriculture often date back only to the Middle Ages. Extensive clearing, grazing and crop farming 
often induced secondary plant migrations, modified the natural boundaries of vertical vegetation 
belts and on flat land led to the formation of xerothermic communities. In the lowlands they lo-
cally resulted in soil waterlogging at higher elevations., and at higher altitudes to the expansion of 
open damp vegetation. The origin of meadows, pastures and other substitute communities of cul-
tural landscapes can be attributed to these processes.  

Amongst all vegetation history reviews, those by FIRBAS (1949, 1952) still represent an important source of information for 
Central Europe north of the Alps. Denmark has been covered by IVERSEN (1973). Of other works with a selection of many 
important standard pollen diagrams, just the monograph by BERGLUND et al. (1996) can be mentioned here. 

 
Atlantic Region (Tb) 

The area includes most of the British Isles as well as coastal strips of the European mainland extending from 
south-west Norway to the north of Portugal. This zone consists of mountains as well as lowlands which differ 
not only regarding their present vegetation, but also their vegetation history. 

The highlands of Scotland and northern England, Wales and Ireland were mostly under a continu-
ous ice sheet during the last glacial period, which had melted to relatively small remnants by the 
end of the Late-Glacial. The ice-freed areas were settled in the Late-Glacial by open pioneer vege-
tation, which with Salix herbacea, Betula nana, Juniperus etc. had the character of a dwarf shrub 
tundra. During the Allerød, stands of tree birches may have been present occasionally. Betula and 
Pinus sylvestris became the dominant tree species in the Preboreal. Corylus expanded from 9000 
BP, Quercus and Ulmus appeared during the Atlantic and formed scattered mixed deciduous 
Quercus forests. Alnus also expanded rapidly during this period. At the same time a gradual de-
crease in forestation connected with increasing paludification and the formation of blanket bogs 
began. The onset of intensive human interference with the vegetation may have occurred between 
the first Neolithic settlement around 5000 BP and the Bronze Age intensification of agricultural 
activities that started from around 3500 BP. In particular, grazing by cattle and sheep favoured the 
formation of blanket bogs and led to the formation of heaths and grasslands. 

In the lowlands of England, Ireland and the Atlantic coastal strips, the sequence of vegetation 
development was initially very similar in the Late-Glacial and early Holocene. During the Boreal 
and Atlantic periods, Quercus mixed forests prevailed, and Alnus also expanded rapidly. One 
characteristic event in the vegetation history of this region is the so-called “Elm decline” at 
around 5000 BP. Fagus arrived in the region between 3000 and 1000 BP, but could not establish 
itself as an important component of the vegetation. In Ireland, northern England and Scotland, 
Fagus is quite absent naturally. 

As mentioned above, anthropogenic transformations of the vegetation and flora began in this part 
of Europe during the Neolithic period at around 5000 BP. The agricultural activity of the early 
settlers consisted mainly of arable farming and grazing. The so-called Landnam, i.e. scattered 
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local clearings within a forest landscape, was typical for the earliest settlements. More extensive 
deforestation followed from the Bronze Age onwards and reached its maximum during Roman 
times and the Middle Ages. 

More detailed information can be obtained from summaries published by GODWIN (1975), PENNINGTON (1969) and IVERSEN 

(1973) as well as in TURNER (1965). 

 
Eastern European Region (Td) 

This region consists of the west of Ukraine, southern Belarus and parts of central Russia, all of 
which are flat or slightly undulating lowlands. Most of this area remained ice-free during the last 
glacial period and HUNTLEY & BIRKS (1983) assumed that glacial refugia for Acer, Ulmus, Tilia 
and maybe also Corylus were present in this region. 

In the older Late-Glacial, steppes were widespread, which were replaced by Pinus-Betula forests 
during the Allerød. In the early Holocene, scattered deciduous trees such as Quercus, Acer, Tilia, 
Ulmus, Carpinus spread into the pine-dominated forests. In the middle Holocene, mixed decidu-
ous Quercus forests with Corylus proliferated particularly in the west. At the same time, expan-
sion of Alnus started, and Picea spread from the north-east. Fagus and Abies never reached this 
area. 

Although archaeological data have confirmed the start of the Neolithic period at around 6000 BP, 
Ukrainian and Russian pollen diagrams have provided almost no evidence for any early agricul-
tural cultures. The oldest available signs of agriculture from pollen analyses (cereals, Centaurea 
cyanus) date from the period between 2500 and 2000 BP. In Kulikovo Pole south of Moscow, 
Fagopyrum pollen grains have been verified from around 900 BP (Khotinskij, unpublished re-
sults). Belarus and north-west Ukraine were settled by hunters and fishermen who did not particu-
larly change the natural landscape. As a result of repeated attacks by belligerent nomadic peoples 
from Asia, the continuity of farming cultures was repeatedly interrupted so that as in the Pontic 
Zone (P), settlement discontinuities were characteristic. 

More detailed information can be obtained from KHOTINSKIJ (1984), ARTJUŠENKO, PAŠKEVIC, PARIŠKURA & KAREVA (1973), 
ARTJUŠENKO, ARAP & BEZUS‘KO (1982), BEZUS‘KO, ILVES & KAJUTKINA (1980), BEZUS‘KO, KAJUTKINA, KOVALJUCH & ART-

JUŠENKO (1985). 

 
Hemiboreal Region (Ta) 

This region includes the southern margin of the Boreal Zone, i.e. southern Scandinavia, the Baltic 
states and the extreme south-west of Finland, as well as northern Belarus with wedges extending 
eastwards into central Russia. Large parts of this region were under a continuous ice sheet during 
the last glacial period, but the whole region had already become ice-free by the end of the Late-
Glacial. 

At the beginning of the Holocene, Pinus sylvestris and Betula sect. Albae were the predominant 
trees. Picea abies gradually spread to the west from glacial refugia located in the east reaching the 
Baltic by around 5000BP, and southern Sweden by around 2000 BP. A number of deciduous 
broadleaved trees, such as Corylus, Quercus, Tilia, Ulmus, immigrated from the south in the early 



3 Map of the Natural Vegetation of Europe 
 

 

96  

Holocene and alongside conifers they played a major role in the forests particularly during the 
Atlantic Period. Carpinus reached the region only after 5000 BP. 

Although this region has been settled more or less continuously since the Bronze Age (at the lat-
est), the influence of local hunters and fischermen on the vegetation was limited. The first traces 
of clearing and farming were found in south Swedish pollen diagrams from between 4000 and 
3500 BP. In the Baltic States pollen diagrams, however the first traces were found from consid-
erably later periods, i.e. from around 1000 BP. According to archaeological findings, cereal farm-
ing dates back to a period between 3800 and 3000 BP, but the absence of pollen records indicates 
that it probably was not widespread. The major agricultural expansion associated with severe de-
forestation and changes in landscape started only in the Middle Ages. 

Important sources of information include papers by BERGLUND (1991) and KHOTINSKIJ (1984). 

 
The Carpathian Region (Th) 

The major part of the region remained ice-free during the whole Pleistocene. Only the highest 
mountains (High Tatras 2663 m and South Carpathian Mountains 2544 m) were covered during 
the last glacial period by local glaciers which had already melted by the early Late-Glacial period. 
The highly variable topography is reflected in diverse climate, soil and vegetation conditions. At 
low points in the west Carpathian Mountains, glacial refugia of conifers Larix, Pinus cembra and 
Picea forests were situated in the intermontane basins. Whether deciduous trees (such as Acer, 
Corylus, Fagus, Fraxinus, Tilia, Ulmus) survived the last glacial period, e.g. in the southern Car-
pathian Mountains, requires further verification. 

In the Late-Glacial, Pinus was the predominant woody plant in the whole region. Special condi-
tions existed in the intermontane basins of the western Carpathian Mountains. Open forests with 
Pinus cembra, P. sylvestris and possibly also P. mugo, Larix decidua, Picea abies and Juniperus 
are documented. After about 4000 BP, mixed beech forests with Abies and Picea replaced the 
earlier Pinus-Picea stands at mid-altitudes. Picea retained its dominance only in the altimontane 
belt, especially in the High Tatras and their foothills. Quercus mixed deciduous forests with Ul-
mus, Tilia and Corylus, developed at low altitudes already during the Preboreal and Boreal in the 
southern and eastern Carpathian Mountains, but in the western Carpathian Mountains this oc-
curred later in the Atlantic Period. Carpinus spread to the north-west from the south-east of the 
Carpathians during the early and middle Holocene. 

The lowlands of the Carpathian Mountains and their foothills were inhabited already by Neolithic 
settlers around 7000 BP. Agricultural exploitation increased from the Bronze Age to historical 
times with the most intensive deforestation and clearance occurring particularly in the Middle 
Ages and during the Wallachian colonisation in the 16th and 17th centuries. The Wallachian live-
stock economy, with summer grazing in the mountains, has greatly influenced the contemporary 
landscape and vegetation and led in many places to an anthropogenic lowering of the natural al-
pine tree line. 

More detailed information is available from KOPEROWA (1962, 1970), KRIPPEL (1963, 1986). 
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Alpine Region (Tg) 

The Alps were covered during the last as well as preceding glacial periods by an enormous ice 
sheet. Only the south-west and the extreme east of the mountain range escaped glaciation and 
some few nunataks (ice-free mountain peaks within glaciated regions) survived at the northern 
and southern margins of the Alps. During the Late-Glacial, the glacier masses receded far into the 
Alpine interior, and today, only a few glaciers remain. Considerable variability in both altitude 
and geology dictate the great ecological variety in this region. 

In the north-east, eastern and south-east margins of the Alps, Picea abies may have survived 
through the last ice age in local climatically favourable sites. Pinus sylvestris, P. cembra, Larix 
and Juniperus prevailed at lower altitudes in the younger Late-Glacial, while at higher altitudes 
open pioneer vegetation, alpine tundra and grasslands prevailed. In the subsequent Holocene 
vegetation development, differences existed between the marginal and central Alps. Picea abies 
migrated to the central Alps from the east and south-east, mostly between 11000 and 5000 BP, 
without reaching the French south-western Alps. During the Atlantic period, the tree line, with 
open Pinus cembra-Larix-Juniperus forests, may have been a maximum of 200 m higher than it is 
today. At the tree line, Alnus alnobetula was also a significant constituent of vegetation from 
about 5000 BP in many places. In the marginal Alps and their foothills, a mass expansion of 
Corylus at the lower elevations occurred in the Boreal and Atlantic periods. Then mixed decidu-
ous Quercus forests developed, into which Carpinus migrated from the south-east from about 
6000 BP. Mixed forests with Fagus, Abies and sometimes Picea developed between 7000 and 
5000 BP. 

Lower parts of the Alps and their foothills were colonised by Neolithic people from about 7000 
BP. The influence of intense grazing in the mountains can be traced back to Roman times. During 
that period the earlier local deforestation assumed greater dimensions in the wide alpine valleys 
and basins. The landscape reached its current state in the Middle Ages. The anthropogenic defor-
estation and grazing supported a secondary expansion of the alpine flora and led to a general low-
ering of the tree line. 

A review of the vegetation history of the Alps was published by KRAL (1979). Much information is also contained in BORT-

ENSCHLAGER (1970), BURGA & PERRET 1998, WEGMÜLLER (1977), WELTEN (1982) and in the symposium proceedings pub-
lished by FRENZEL (1972) and LANG (1985). 

 
Pyrenean Region (Tf) 

This high mountainous range in the south-west of Europe has peaks of over 3400 m in. As in the 
Alps and the Carpathian Mountains, large differences in altitude cause considerable climatic and 
vegetational variations that are also reflected in the vegetation history. Glaciation of the last ice 
age already melted away rapidly during the early Late-Glacial period. 

Already in the early Late-Glacial, the initially predominating steppe land was replaced by Pinus-
Betula forests at lower (300-1100 m) and middle altitudes (1100-1800 m). Mixed deciduous 
Quercus forests with Corylus and Ulmus, and later with Tilia, already started to expand at the 
beginning of the Holocene. Between 8000 and 5000 BP, Abies spread from east to west, followed 



3 Map of the Natural Vegetation of Europe 
 

 

98  

by Fagus between 4500 and 4000 BP. Fagus-Abies mixed forests originated at middle altitudes. 
Picea, characteristic for the Carpathian Mountainss and the Alps, did not reach the Pyrénées. At 
higher altitudes (about 1800-2000 m), Pinus prevailed throughout the entire Holocene, and it can 
be assumed that significant variations occurred in the Alpine tree line. Mixed deciduous Quercus 
forests may have progressed to higher altitudes in the middle Holocene than they do today. 

Pasturing in the mountains has been documented from about 4000 BP, even though no major de-
forestation occurred before the Middle Ages. The oldest traces of arable farming could be dated 
back to about 5000 BP at lower altitudes and in the foothills; at middle altitudes, however, arable 
farming did not start before the Middle Ages. 

More information can be found in MONTSERRAT MARTI (1992). 

 
The Colchis and Caucasus Zone (K) 

This region can be subdivided into four sub-regions, i.e. the Great Caucasus, the Lesser Caucasus, 
the plateau lying between them in the east with the river valley of the Kura, and the Colchis in the 
west. However, they are not delimited in Map 5, and the data are summarised in the following 
text. The high mountain ranges were glaciated during the coldest periods of the Pleistocene. To-
day, however, small glaciers are present only at the highest altitudes in the Great Caucasus. The 
considerable differences in altitude (Elbrus 5633 m), the diverse geological conditions and its 
location at the juncture of several Eurasian phytogeographical zones have all had a major influ-
ence on the vegetation-historical development and with that its current status. The migration, ex-
pansion and replacement of plant species to and from other areas of Europe was limited during the 
Quaternary because of various barriers and the lack of any suitable migration routes (this was only 
possible via the Crimea or northern Anatolia, for example). Because of this isolation the present 
flora and vegetation are highly specific. Overall, the Caucasus represents an important refugial 
area and centre of specification, and within Europe it has the highest number of endemic plant 
taxa. 

During the entire Holocene, the ice-free parts of the Great Caucasus had the character of a 
wooded mountain range. After the decline of mountainous glaciation, subalpine and alpine tundra 
communities developed at first, which at middle altitudes were already replaced by Pinus (kochi-
ana)-Betula-Salix forests in the early Holocene. The currently extensive Fagus (sylvatica subsp. 
orientalis), Abies (nordmanniana) and Picea (orientalis) forests developed during the middle 
Holocene. 

Unlike the Great Caucasus, the Lesser Caucasus appeared to be largely forest-free and occupied 
by herb-rich, xerophytic steppe and forest steppe during the Holocene. Only small areas were 
wooded, and these developed like those of the Great Caucasus. 

In the periglacial areas between the two main mountain ranges, including the Kura river valley, 
forests and forest steppe have been documented for the last glacial period. Apparently, scattered 
relict stands of deciduous broadleaved forests were present. They expanded from the early Holo-
cene and achieved dominance during the middle Holocene being formed of Juglans, Quercus, 
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Castanea, Ulmus, Carpinus, Acer, Fagus, Pterocarya, and some Picea also playing a role. During 
this time, extensive floodplain forests developed in the valleys. 

In the Colchis, endemic trends of vegetation development can be seen. Pinus (kochiana) and Al-
nus (barbata) prevailed in the Late-Glacial, and thermophilous trees were also present. During the 
early Holocene, forests with Fagus, Castanea, Quercus, Pterocarya, Picea and other Caucasian 
trees arose at the foot of the mountain ranges, while in wet areas and in the flood plains of the 
lowlands, Alnus (barbata) was present. The major representation of ferns is highly characteristic 
of the vegetation development of the Colchis. 

In the Colchis, the eastern Caucasian lowlands and in Armenia, very early arable farming has 
been confirmed, which probably spread from Mesopotamia. Neighbouring peoples invaded or 
traversed the Caucasian countries on many occasions. The large mountain ranges were inhabited 
by hunters and herdsmen. The Caucasus became particularly important as a metallurgical centre. 
The current severely deforested, agriculturally and horticulturally influenced landscape arose for 
the most part during the early feudal periods of Transcaucasian history, between the 3rd and 9th 
centuries AD. 

This review is based particularly on the works of GOGICAJSVILI (1973), KVAVADZE & RUCHADZE (1989), MARGALIADZE 
(1973), NEJSTADT (1957), SEREBRJANNYJ & MALJASOVA (1981) and SLUKA (1973). 

 
The Pontic-Caspian Zone (P) 

The Pontic Zone of Europe forms the western spur of the extensive Eurasian belt of wooded 
steppe, steppe and semi-desert. Vast aeolian Quaternary sediments (loess with chernozem soils 
and sands) and alluvial sediments are characteristic for the flat lowlands which remained ice-free 
during the Quaternary Period. 

Just a few palynological data have been published from this zone so far so no sub-division into 
regions can be proposed. Without doubt, the region now represents a floristically modified rem-
nant of the cold steppe and Artemisia semi-desert areas that was once widespread throughout 
Europe during the glacial period. The vegetation development in this zone was characterised over 
the whole Holocene by the dominance of steppe communities with Artemisia, Poaceae and 
Chenopodiaceae. The non-tree pollen (NTP) values always lie between 70 and 90 % of the total 
pollen count. Pollen of deciduous Quercus and Tilia have been verified sporadically from 6000 
BP, as have pollen from Pinus and Betula but with such small counts that the presence of these 
trees could be considered as questionable. The hypothesis of glacial refugia of deciduous broad-
leaved trees in river valleys of the southern Ukraine and Russia has not been confirmed until now. 
In the extreme south-west margin of the zone (eastern Romania and eastern Bulgaria), a tempo-
rary penetration of forest steppe with deciduous Quercus, Ulmus, Tilia, Carpinus and Corylus 
species into the steppe region was observed in the middle Holocene. 

In pre-agricultural times, the population of the ancient settled area in southern Ukraine and Russia 
consisted of hunters and fishermen who lived along the rivers without influencing the steppe 
grassland. The first indications of arable farming date back on the Bulgarian Black Sea coast to 
about 7000 BP, and in the upper Don region to about 4000 BP. The transformation of steppe to 
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arable land was initially modest, primarily because any agricultural activity was repeatedly dis-
rupted through the invasions of Asiatic nomadic tribes. Only in the Middle Ages was there large 
scale agricultural exploitation of the steppe, which was nearly completely destroyed during the 
final decades of the former Soviet Union. 

From steppe regions, only the pollen examinations by FILIPOVA (1985) and KHOTINSKIJ (1984 and unpublished data) are 
available. We were not able to access any suitable pollen-analytical data for the vegetation history of semi-desert regions. 

 
The Boreal Zone (B) 

This zone represents the European part of the circumpolar Boreal Region, a belt characterised 
mainly by coniferous forests that extends all along the north of the northern hemisphere through 
the Eurasian and across the American continent. The greater part of the European region was un-
der the extensive, contiguous Scandinavian ice sheet during the Pleistocene ice ages. This sheet 
melted away during the interglacial periods to leave behind just small remnants in the Scandina-
vian mountains and Iceland. Surface forms, soils and vegetation cover have been strongly influ-
enced by this course of events, as indeed was the Late-Glacial and Holocene vegetation develop-
ment. During the entire Holocene, Betula and Pinus sylvestris were the dominant trees (apart from 
the High-Oceanic Region in the west), while Picea abies was another important tree species in 
boreal coniferous forests (Taiga), although its expansion from east to west was somewhat delayed. 
Compared to the Temperate Zone, the scale of human intervention is considerably smaller, and 
arable farming can be considered as a comparatively insignificant phenomenon. 
 
The Boreorussian Region (Bc) 

The region consists of the larger part of northern Russia east of Lake Ladoga and south of the 
Kola peninsula. During the last glacial the west was covered by inland ice, but became ice-free 
during the Late-Glacial. The eastern part remained unglaciated. 

During the Late-Glacial and Holocene, the prevailing trees were Betula, Pinus sylvestris and 
Picea abies (sometimes probably P. obovata), although only in the east at first. Picea presumably 
had important glacial refugia in the ice-free areas of the western foothills of the Urals, from which 
this conifer spread over almost the entire Fennoscandic Region during the Holocene. Deciduous 
broadleaved trees (Corylus, Tilia, Ulmus, sometimes also Quercus) appeared, if at all, only during 
the Atlantic Period and sporadically in southern parts of this region. In the middle Holocene, the 
polar tree limit shifted clearly northwards in the marginal parts of present forest tundra, but after 
5000 BP it moved to the south again and the importance of Betula sect. Nanae (dwarf birches) 
and Alnus sect. Alnobetula (A. fruticosa, green alder) increased. 

Human impact on vegetation is hardly discernible until modern times, and affected probably only 
limited areas. Pollen analyses have only been able to reveal signs of local clearings since the Mid-
dle Ages at the earliest, but there are no signs of any arable farming. Hunting, fishing and grazing 
were the major activities of the local population at least since the Bronze Age onwards. 

This review is based especially on papers by JELINA (1981) and KHOTINSKIJ (1984). 
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Fennoscandic Region (Bb)        

This area contains the main part of Fennoscandia including the Scandinavian mountains, but ex-
cluding the south and a narrow coastal strip in the west and the north. The entire area was covered 
by inland ice during the last glacial period. It melted only during the early Holocene, between 
9000 and 8000 BP, when the giant ice masses withdrew to local mountain glaciers that corre-
sponded approximately to their present pattern of occurence. In northern Europe the melting of 
the ice sheet led to several changes in the coastline, which also affected the development of the 
vegetation. 

After the melting, Pinus sylvestris and Betula migrated rapidly to the ice-freed areas forming the 
Taiga-type coniferous forest. As also in the Boreorussian Region, Betula was prevalent during the 
colder periods of the Late-Glacial and the Holocene, while Pinus prevailed in the warmer periods. 
Picea expanded from its glacial refugia to the west and south-west: eastern Karelia was reached 
by around 7500 BP, while central Norway was first reached by around 1000 BP. Deciduous 
broadleaved trees (Corylus, Ulmus) advanced only temporarily during the Atlantic Period into the 
southernmost parts of the region. Alnus species migrated between 8000 and 7000 BP. At higher 
altitudes in the Scandinavian mountains, the initially prevailing mountain tundra was replaced by 
Betula pubescens (s. l.) forests. As in the polar region, the alpine tree line was also subject to 
changes: at the end of the Boreal and during the Atlantic periods it may have been situated about 
150-200 m higher and many kilometres further north than it is today. 

Archaeological findings give evidence for human settlement and agriculture in southern areas 
since about 3500 BP, i.e. since the Bronze Age. Clearing, grazing and hay making remained of 
local extent and did not fundamentally alter the forest character of the landscape. Scattered signs 
of arable farming have been found from the Middle Ages onwards. 

Amongst the most important papers include those of: HAFSTEN (1985), HICKS (1985), HYVÄRINEN (1985), JELINA (1981), 
MOE (1970), SEGERSTRÖM (1990), VASARI (1962), VUORELA (1970, 1975). 

 
Boreoatlantic Region (Ba) 

This area consists of northern Scotland including the Outer Hebrides, the Norwegian coast, the 
islands in the North Atlantic and Iceland. The entire region was covered with ice during the last 
glacial period, but became ice-free from the beginning of the Holocene, except for Iceland, where 
extensive glaciers still remain today. 

The Holocene vegetation development of the region was strongly influenced by Betula. In the 
greater part of Scotland and the North Atlantic islands, forest apparently did not develop during 
the Holocene, but instead open scrub tundra with Betula nana, Juniperus and Calluna predomi-
nated. Trees such as Pinus sylvestris, Quercus and Corylus migrated only locally in the region 
from the Boreal Period onwards. Betula pubescens (s. l.) dominated in the vegetation development 
on the Norwegian coast from about 12000 BP. Pinus sylvestris may only have appeared occasion-
ally, if at all. On Iceland the ice-free areas were colonised by open tundra and scrub tundra, and 
only during the Atlantic period did taiga-like birch stands expand, especially in the south of the 
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island. However, due to wood-cutting, fire and grazing these stands receded strongly from the 
Subboreal Period onwards, particularly after the Vikings settled Iceland around about 1100 BP. 

The colonists practised sheep farming in most parts of the region (the Norwegian coast, Shetland 
and the Faeroe Islands) and in this way encouraged the development of grasslands and heaths. 
Compared to other parts of Europe, anthropogenic influence on the vegetation remained quite 
limited here. 

More details can be acquired from the papers of EINARSSON (1961), GLAWION (1985). 

 
Arctic Zone (A) 

The zone contains the northernmost part of Fennoscandia and Russia as well as the Arctic islands 
in the Arctic Ocean. The ice sheet present in the west during the last glacial period had already 
melted away by 13000 BP. 

During the Late-Glacial, freeze-thaw polygonal tundra, then lichen-moss tundra and ultimately 
dwarf shrub and open birch tundra spread over the ice-freed soils. In the mainland areas, birch 
forest tundra was present in the Boreal Period, which was replaced by taiga with Picea abies pre-
dominating in the subsequent Atlantic period between 7000 and 5000 BP. During this period, 
Pinus sylvestris also appeared as well as Pinus sibirica in the east. Most of today’s subarctic bogs 
originated in that period. After 4000 BP the taiga retreated back to the south, and scrub and birch 
forest tundra spread again. Current vegetation patterns developed by the end of the Subboreal 
Period (approximately 2500 BP). 

Continuous settlements did not exist in this region until the very recent past. Human interference 
in the vegetation, mainly in the form of mechanical damage, has only occurred over the last dec-
ades as a result of geological prospecting and mining activity etc. 

Further information regarding vegetation development of the Arctic is provided in papers written by BOLICHOVSKAJA, BOLI-

CHOVSKIJ & KLIMANOV (1988), HYVÄRINEN (1970), NIKIFOROVA (1980). 

 
Conclusions 

The present distribution of plant communities and their zoning, as shown in the vegetation map of 
Europe, should be considered the result of a long and extremely variable development. Inducing 
and controlling factors during the course of the Holocene were not just the continuous changes in 
environmental conditions, but also the increasing scale of human intervention. Probably there is 
not a single part of Europe that has been untouched by human activities. Even the highest moun-
tain peaks or arctic tundra have been affected, whether it be directly or indirectly as a result of air 
pollution or other emissions. 

Of course, present vegetation patterns do not represent an end of the developments described, and 
they will indeed continue to develop in the future, irrespective of whether such changes shall be 
shaped by natural or artificial forces. The vegetation map of Europe can therefore serve as a start-
ing point for tracking future developments. 
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4 The natural vegetation formations of Europe and their classification 

A Polar deserts and subnival-nival vegetation of the high mountains  
Paul Heiselmayer, with contributions by Arve Elvebakk (Chapter A.1) and Giorgi Nachucrišvili 
(Caucasus) (revised in June 2003) 

Characterisation and typological delimitation; geographical distribution 

This formation encompasses both the northern polar regions with extremely sparse vegetation and 
the open vegetation types in the highest parts of the high mountains. The zonal vegetation of the 
polar regions is divided into the arctic polar deserts of the lowlands (Mapping units A1, A2) and 
the mountain ranges above 400-600 m (A3). The altitudinal belts of high mountain regions farther 
south are more differentiated and can be divided up into a subnival belt below the climatic snow-
line and a nival belt above. In the Scandinavian Mountains, the climatic snowline ranges between 
1200 and 1800 m, in the Alps between 2800 and 3000 m and in the Caucasus between 2900 and 
3100 m. 

In addition to the zonal plant communities with their high proportion of mosses and lichens, mi-
crosite-associated communities such as rock and scree vegetation and snowbed vegetation is also 
included here. The adjacent vegetation to the south in the Arctic tundra, with its partly closed 
vegetation cover, and its alpine turf counterparts in the high mountains, are treated under the for-
mation B. 

The main distribution of Formation A is in the polar and the high mountain regions (Map 6). The 
cold polar deserts (A1 to A3) occur around the Barents Sea. Besides their occurrence on Franz 
Josef Land, they are mostly found on the eastern part of Svalbard and in the northern part of No-
vaya Zemlya. Montane polar deserts (A3) occur on Novaya Zemlya and Svalbard. 

The subnival and nival vegetation of the boreal mountain ranges (A4) is well developed both in 
the highlands of Iceland (cannot be depicted at the scale of the map) and especially in the Scandi-
navian Mountains. In the temperate and submeridional mountain ranges, the Alps in particular 
display widely scattered occurrences of this formation (A5). In the Caucasus larger expanses of 
this altitudinal belt (A6) occur only in the Great Caucasus. In the other high mountain regions, the 
nival belt is only reached in certain small areas (e.g. on the Pico de Aneto in the Pyrenees) and for 
that reason it is not depicted on the map. 
 
Stand structure and physiognomy 

This formation includes characteristically open vegetation types with abundant lichens and 
mosses in both the arctic polar deserts and the boreal and temperate-submeridional high mountain 
regions. 

The herb layer in the polar desert covers only small areas and is extremely species-poor; in south-
ern high mountain regions, however, it is for the most part richer in species. The dominant plants 
are primarily small hemicryptophytic tussock grasses and small cushion plants. In the polar de-
serts, by contrast, cushion plants are absent. In the high mountain regions there is furthermore a 
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higher number of species of tussock grasses and they achieve greater overall vigour. Hemicrypto-
phytes with overground and subterranean runners are a regular occurrence. Mat-forming prostrate 
shrubs are however restricted in this formation to snowbeds of the high mountain regions (espe-
cially in the Alps). In the polar deserts, the ground layer is characterised mainly by the abundant 
occurrence of crustose lichens and liverworts, while in the southern high mountain regions these 
are also accompanied by fruticose lichens and mosses. 
 
Floristic composition 

The phanerogamic flora of this formation is very species-poor. In all, there are only about 100 
species in the polar region (according to ALEKSANDROVA [1988], for example, only 57 vascular 
plant species occur on Franz Josef Land), and not many more can be found in the nival belt in the 
Alps. If one includes the Caucasus, however, the number of species increases to over 300 
(NACHUCRIŠVILI 1999). Certain genera occur in all regions. These include Draba, Papaver, 
Ranunculus, Saxifraga and Cerastium, and from the monocotyledons mainly the Poaceae and the 
genus Luzula. The genus Carex is however absent in the polar deserts. 

The isolation of the high mountains has led to the creation of numerous endemics and also to a 
greater differentiation of the species’ ranges. The assemblage of species found in the Caucasus 
does indeed appear to be somewhat related to that of the Alps (Trisetum spicatum, Gnaphalium 
supinum, Saxifraga moschata etc.) and to the assemblage in the Asian high mountain ranges, but 
is virtually unrelated to the species assemblages of the polar regions. The relationship between the 
Alps and the Arctic is however – as a result of the ice ages – much stronger, expressed in the oc-
currence of arctic-alpine species (e.g. Oxyria digyna, Saxifraga oppositifolia, Ranunculus gla-
cialis). Frequently, this gives rise to vicariant taxa (e.g. Cardamine bellidifolia subsp. bellidifolia 
– C. bellidifolia subsp. alpina). Many species of the polar regions, for their part, have a circumpo-
lar distribution. 

Cryptogams clearly predominate both in terms of species number and biomass. Among the bryo-
phytes, there are numerous characteristic species of liverworts including the genera Cephaloziella, 
Gymnomitrion and Anthelia and also moss genera such as Bryum, Polytrichum, Sanionia and Ra-
comitrium. Lichens are most numerous and are represented both in the Arctic and in the nival belt 
of the high mountain regions by genera such as Cetraria, Cladonia, Stereocaulon and Umbili-
caria. Terricolous genera (e.g. Toninia, Collema, Ochrolechia, Pertusaria) are particularly wide-
spread, as are saxicolous crustose lichens (Lecidea s. l., Rhizocarpon). Single-celled algae are 
represented in the form of ‘cryoplankton’. 
 
Position in the phytosociological system (syntaxa) 

From a phytosociological point of view, the formation is heterogeneous and consists of a mosaic 
of communities on different sites, including rock, scree and snowbeds). Alongside some commu-
nities dominated by phanerogams, there are others where cryptograms, in particular lichens, con-
stitute a considerable part of the mosaic. In fact, especially in the arctic zone, the vegetation con-
sists almost exclusively of such communities. Since closed grassland cover is lacking in the sub-
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nival and nival belts of the high mountain regions, chionophilous vegetation types there are inter-
digitated with scree and rock communities in a mosaic-like fashion. In this respect each individual 
mountain range and polar region exhibits its own unique combination of vegetation types (Ta-
ble 3). 

In the high Scandinavian mountains and the Alps, the vegetation mosaic is made up of scree 
communities of the orders Androsacetalia alpinae (on siliceous rocks) and Thlaspietalia rotundi-
folii (on carbonate rocks), of rock crevice communities of the orders Androsacetalia vandellii or 
A. multiflorae (on siliceous rocks) and Potentilletalia caulescentis (on carbonate rocks) as well as 
snowbed communities of the order Salicetalia herbaceae (on both siliceous and carbonate rocks). 
 
Table 3: Syntaxa of the formation A in the individual zones and mountain ranges according to ELVEBAKK 1994 

(polar deserts), DIERSSEN 1996 (Scandinavian Mountains) and ELLENBERG 1996 (Alps). 

  Polar desert Skandinavian Mountains Alps Caucasus 

Carbon-
ate 

Drepanoclado-Poion 
alpinae, Luzulion 
nivalis 

Saxifrago-Ranunculion  
nivalis, Luzulion nivalis 

Arabidion caeruleae ? Snowbeds 

Silicate Polytrichion norvegici Salicion herbaceae Salicion herbaceae Salicetea 
herbaceae 

Carbon-
ate 

Papaverion dahliani Arenarion norvegicae Thlaspion rotundifolii ? Screes 

Silicate ? Saxifrago stellaris-Oxyrion 
digynae (= Luzulion 
arcuatae) 

Androsacion alpinae ? 

Carbon-
ate 

Caricion nardinae Potentilletalia caulescentis Potentilletalia caulescentis ? Rocky sites or 
exposed ridges  

Silicate Luzulion arcuatae Androsacetalia multiflorae Androsacion vandellii ? 

 

In the Caucasus, micro-communities (‘nanocoenoses’) occur in the nival belt, whose precise 
community affinities have yet to be clarified. They are made up of different combinations of 
chionophilous communities (probably referable to the Salicetea herbaceae Br.-Bl. 1948) and 
scree vegetation unique to the Caucasus with several endemic species in differing combinations 
(cf. NACHUCRIŠVILI 1999). 
 
Macroclimatic factors 

In Europe, the polar deserts are restricted to the arctic climate zone IX (see Map 2). The cold polar 
desert is well developed only in parts of the Barents Sea islands with a greater continental influ-
ence. The mean annual temperature ranges between -10º and -8 ºC (Figure 4). During the growing 
season, temperatures of over 5 ºC are reached, although the average July temperature (the warm-
est month) on Franz Josef Land is still below 2 ºC. On these Arctic islands the average annual 
precipitation ranges from 100 to 125 mm (up to 300 mm), with a clear maximum in the summer, 
and barely suffices in winter to produce a thin layer of snow (0 to 40 cm), which, with the prevail-
ing low temperatures (in some areas under -40 ºC) scarcely offers any protection against ground 
frost. 
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The high mountain regions with a nival altitudinal belt belong to regions with mountain climates 
(X) within the boreal zone (VIII, Scandinavian Mountains) and the temperate climate zone (VI, 
Alps, Caucasus). In the Alps, the mean annual temperatures in the nival belt range from -7º to -4 
ºC and the mean annual precipitation between 1300 and 2800 mm. 

Both in the Arctic and in the nival belt of the high mountain regions, the low temperatures and the 
short duration of the growing season constitute decisive ecological factors. Despite the fact that 
during the growing season there is no day-night change in the polar deserts, the temperatures re-
main low there even in the summer; in the high-mountain regions, however, daily temperature 
fluctuations are considerably greater and the mean annual temperature is higher. The scant winter 
snow coverage in the polar areas favours the formation of also polygonal soils and other perigla-
cial phenomena, as well as permafrost, which in summer thaws out to a maximum depth of 40 cm 
(ALEKSANDROVA 1988). In the high mountain regions of the temperate zone, by contrast, areas 
with permafrost are rare (FURRER 1970). The soils are mainly highly skeletal raw soils with pH 
values that differ depending on the bedrock. 

 

Figure 4: Climate diagrams of Bukhta Tikhaya on Franz Josef Land (A1), Finse in the Hardangervidda (A4), 
Zugspitze in the Wetterstein Range, Sonnblick in the Hohe Tauern (A6) (based on WALTER & LIETH 
1967). 
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Role in structuring the landscape 

Polar deserts are situated in most regions between coastlines and glaciers (some of which extend 
as far as the water), and are generally characterised by very sparse vegetation cover. In high 
mountain regions, steep peaks and ridge locations mostly dominate in association with glaciers. 
Extensive areas of scree frequently form below cliffs. 
 
State of preservation, land use; nature conservation 

Polar deserts, untouched as they were by humans for long periods of time (even being designated 
as wastelands in many older geographical works), have only recently been affected by destructive 
human activities such as mining, oil extraction and nuclear weapons testing and are particularly 
threatened by anthropogenic global warming. Apart from a few exceptions, these areas are still 
relatively intact. The eastern part of Svalbard and the island group of Franz Josef Land are pro-
tected as strict nature reserves. In the north and south of Spitsbergen there are national parks in-
cluding montane polar deserts. In addition, protected areas have been proposed for Novaya Zem-
lya (CAFF 1994, 1996). Because of their uniqueness and sensitivity, polar deserts should be 
spared from further development. The same applies to the high mountain regions, where espe-
cially in the Alps, winter sport activities are increasingly encroaching on the nival belt. 
 
Classification into subunits 

The location in different climate zones, as well as the different ecological and floristic factors, 
support the division into 2 main typological units: 

A.1 Arctic polar deserts 

A.2 Subnival-nival vegetation of high mountain regions in the boreal and nemoral zone. 

Their characteristics and further subclassification are presented below. 
 
A.1 Arctic polar deserts (A. Elvebakk) 

The term ‘polar desert’ alludes to the physiognomic appearance of these habitats, which – in ac-
cordance with the low precipitation – bear a great deal of similarity to true deserts. Common to 
both ‘desert types’ is a very short growing season. In the polar deserts, this is caused by low 
summer temperatures and the minimal thawing of soil over the permafrost, while in the true de-
serts low, episodical precipitation and high evaporation due to the high summer temperatures is 
responsible for the phenomenon. Except for some limited areas with a strong continental influ-
ence, the water deficit is far less important as an ecologically limiting factor in the polar deserts 
than is the low temperature. Of great ecological significance is the extreme instability of the upper 
soil horizons brought about by strong cryoturbation, which leads to the formation of polygonal or 
frost-patterned soils and debris accumulation through frost action. The degree of root penetration 
in the soil by flowering plants is small. 

The polar deserts cover the eastern and northern parts of Svalbard as well as the glacier-free areas 
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of the islands of the Barents Sea (Franz Josef Land, the Victoria Islands and the northern and 
mountainous areas of Novaya Zemlya). 

The degree of cover of the open vegetation usually amounts to less than 1 % but can locally reach 
10-20 %. Wet, stable sites can display a thin, closed bryophyte cover. There are no genuine fens 
with peat substrate. Apart from the rare occurrence of members of the genus Salix, woody species 
are absent, as are the Cyperaceae. 

The brevity of the growing season plays a decisive role in the structure and composition of the 
vegetation. If the length of the growing season is shorter than a critical minimum number of days, 
the result is areas covered with widely scattered, individual plants representing only a few species 
or even areas that are vegetation-free altogether. Thus, vast expanses of the most inhospitable 
parts of the polar deserts appear completely devoid of vegetation. 

The vegetation consists of a more or less ground-covering cryptogam layer, with scattered rosette-
forming herbs and grasses. The development of two distinct layers is not realised due to the wide 
spacing of the higher plants. Low-lying shrub mats are virtually lacking in the polar desert re-
gions. Only Salix polaris – a species that creeps on and in the soil – occurs scattered, as well as 
Salix arctica outside of Svalbard. The only cushion plant that is sporadically encountered is Silene 
acaulis. Species within genera like Draba and Minuartia form multi-crowned small individuals, 
in structure intermediate between rosette plants and cushion plants, but they are not as compact as 
e.g. cushion-forming Draba species from the Caucasus. 

The number of the vascular plant species is small, usually under 50 (often only 15 to 20). The 
most important representatives are the widespread Arctic species of the genera Saxifraga, Cer-
astium, Draba, Papaver, Poa, Phippsia, and Luzula. Characteristic species include Saxifraga op-
positifolia, S. cespitosa, S. hyperborea, Cerastium nigrescens subsp. arcticum, C. regelii, Draba 
pauciflora, D. corymbosa, Papaver dahlianum (treated in Russia as P. polare), Poa arctica, 
Phippsia algida and Luzula confusa. The cryptogams include widespread bryophytes such as To-
mentypnum nitens, Aulacomnium palustre, Orthothecium chryseon, Sanionia uncinata, Drepano-
cladus cossonii, and frequently Bryum and Pohlia species, alongside lichens such as Ochrolechia 
frigida, Lecidea ementiens, Flavocetraria nivalis and Cetrariella delisei. There are no species 
completely restricted to the arctic polar deserts, although Ranunculus sabinii is known to only 
occur in Europe only on Franz Josef Land (SAFRONOVA 1987). However, this species is also 
found in the polar deserts of neighbouring Greenland (BAY 1992) and it is also present in the 
northern tundra of the Taimyr Peninsula (TOLMACHEV 1971). 

Typical for the Russian Arctic is a more pronounced dominance of mosses and lichens when 
compared with other polar regions. Ground cover of crustose lichens (Pertusaria octomela, P. 
glomerata, Ochrolechia frigida, Collema ceraniscum) and liverworts (Cephaloziella arctica, Tri-
tomaria scitula, Lophozia spp., Scapania spp.) is described as one of the important characteristics 
of Franz Josef Land (ALEKSANDROVA 1988) and is associated with the stable surface of the 
weakly acidic and strongly consolidated substrate. In other Arctic regions, by contrast, limestone 
rocks and easily weathered sediments are found with a less dense vegetation cover. 
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In general, arctic polar deserts develop in regions with a mean July temperature below 2.5 ºC, 
which is why the living conditions are characterised by an extreme lack of heat. Meteorological 
data from polar deserts of the western hemisphere is very scarce, but data collected during the 
Soviet period from six meteorological stations in the islands of northernmost Russia shows mean 
July temperatures below 1.0 oC! (GIDROMETEOIZDAT 1965). The total annual precipitation is gen-
erally estimated as less than 200 mm (see Figure 4). The summer is harsh, with extraordinarily 
changeable weather, often with fog, heavy cloud cover and frequent precipitation, mainly in the 
form of snow. The exposure to very cold and often fog-producing air from surrounding very cold 
seas, partly open during the summer, is a desicive factor explaining the very low temperature sum. 
This is shown by the fact that large land masses well north of 80˚ latidude in Canada and 
Greenland have a much warmer climate and well-developed tundra vegetation. The flat to slightly 
hilly relief favours the formation of only a thin cover of snow with small snowdrifts. Snow-swept 
regions are almost devoid of vegetation in places with coarse-grained soils, and areas with me-
dium-grained soil are characterised by species such as Phippsia algida or Cerastium regelii, while 
areas with silty soil (relatively good soil formation) are colonised by bryophytes. Highly skeletal 
soils have very limited nitrogen reserves, although N-fixing cyanobacteria often form black crusts 
on rock outcrops. Basic soils contain a very small proportion of available phosphorus. Arctic polar 
deserts have mostly neutral to basic soils, and acidic substrates occur in only a few regions. Al-
though very little research into this has been carried out in Europe up to now, there appear to be 
fundamental differences between the vegetation of the two substrates. Apart from Luzula confusa, 
all the abovementioned species grow in areas with carbonate rock. Species such as Andreaea spp., 
Cardamine bellidifolia, Racomitrium lanuginosum and Solorina crocea are typical for acidic sites. 
As a rule, carbonate-containing substrates have poorer vegetation cover in the Arctic than acidic 
substrates and therefore larger expanses of these substrates appear almost devoid of vegetation. 

In some parts of eastern Svalbard stands of vegetation with aberrant physiognomy occur (A2). 
This is particularly the case for Edgeøya where, in the eastern parts of the island, and especially in 
the hilly interior and on the plateau at 100 to 300 m, a pronounced bryophyte layer is developed. 
This aberrant appearance can be explained on the one hand by the relief and the fine-textured, 
carbonate-rich soils, and on the other by the nutrient input from reindeer herds, which have long 
grazed here. In preferred grazing areas the Svalbard reindeer probably has a strong, long-term 
modifying effect on the soil nutrients and the vegetation, as this reindeer subspecies is non-
migratory. In addition, the vegetation may be depending on a locally much higher precipitation 
than elsewhere in the polar desert regions. However, with an estimated 600-1000 mm, the amount 
of precipitation appears to be considerably higher than in other polar regions (HAGEN et al. 1993). 
Characteristic species of the neighbouring arctic tundra such as Dryas octopetala and Carex spp. 
are missing, indicating that mean summer temperatures are within the polar desert regime. The 
most important species of these moss-dominated communities are Sanionia uncinata, Orthothe-
cium chryseon and Tomentypnum nitens. The same species are typical of manured sites below bird 
cliffs where they form peat-producing moss-tundra. Such vegetation is typical of the tundra zones 
of the high arctic islands north of the Barents Sea, but may sporadically occur also within the po-
lar desert areas. Moss tundra occurs on slopes and in areas without standing water. Similar vegeta-
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tion types are to be found on bird (nesting) cliffs. 

Comparable vegetation types occur at higher altitudes on the mountain plateaux of Sassendalen on 
Spitsbergen. They produce lusher vegetation than corresponding sites at comparable altitudes on 
Spitsbergen. The conditions at this site are probably similar to those on Edgeøya: a hilly landscape 
with finely structured, carbonate-containing Triassic rock and a large reindeer population. Very 
little research has been carried out into the long-term effects of such relatively large non-
migratory herds of reindeer, but they could well be of greater importance than has been assumed 
up to now. Although these areas have been as yet little studied, they can nevertheless be assigned 
an intermediate position between the arctic polar deserts and the northern arctic tundra. Extensive 
moss carpets with the widespread bryophytes Sanionia uncinata and Orthothecium chryseon can 
also appear on consolidated, poorly drained surfaces, which are not covered by snow all year 
round, without this resulting in peat formation. On rock outcrops, saxicolous plant communities 
are formed with numerous species of genera such as Rhizocarpon, Porpidia, Lecidea s. l. and 
Umbilicaria. Usnea sphacelata is also typical and is of interest from a phytogeographical point of 
view, since this species is the only representative of a genus with sub-Antarctic distribution. 

Little is known about the floristic and ecological differences between the polar deserts of the low-
lands (A1, A2) and those of the mountain ranges (A3). Even in the relevant botanical literature 
they are not clearly worked out. Nevertheless, it makes sense to represent the units separately on 
the map. The first unit (A1) accomodates the zonal vegetation type, while the third (A3) takes in 
the scattered occurrences of the ‘montane type’ within the arctic tundra zone in areas with precipi-
tation of up to 800 mm. On Svalbard and Novaya Zemlya the polar desert in the mountains usu-
ally occurs at altitudes of between 400-600 m or higher. A large proportion of the area is covered 
by sediment-covered mountain plateaux. On Svalbard in particular there is a typical landscape 
sequence from lowland tundra to slopes with screes and upwards to the adjoining plateaux, with 
their polar desert vegetation. In many respects, the smooth relief of the mountain plateaux resem-
bles that of the lowland polar deserts farther north. However, the polar deserts of the mountains 
only occur in areas with significantly higher precipitation and greater snow cover. Because of the 
higher moisture with greater fog formation, there is a larger percentage of snowbeds here than 
farther north. 

The boundary between polar desert and tundra is not always clear. In exposed places and on cal-
careous soil, the landscape of the neighbouring northern arctic tundra often appears as barren as 
that of the polar desert. On closer examination, however, one can find typical tundra indicators 
such as Dryas octopetala, Salix species, Carex species and Silene acaulis in these regions. 
 
A.2 Subnival-nival vegetation of high mountain regions of the boreal and nemoral zones 

In the Scandinavian Mountains (A4), the subnival to nival vegetation is restricted to two large 
regions: one between Mo i Rana and the Lyngen Fjord and the other in southern Norway between 
Hardangervidda and Sunndal. There is a gap in central Norway and central Sweden. The main 
distribution in the temperate zone is in the Alps (A5): in the western Alps most of the peaks are 
over 4000 m, in particular those in the Berner Oberland, the mountain ranges between Valais and 
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Valle d’Aosta, the Mont Blanc region (4807 m), Vanoise and Gran Paradiso, Mt. Pelvoux and the 
Alpi Cozi. In the eastern Alps the nival belt runs principally along the main ridge of the Alps 
(Hohe Tauern, Zillertal Alps, Ötztal Alps, Bernina, Silvretta) and in the southern Alps (Dolomites, 
Adamello, Ortler region). Other larger regions with subnival to nival vegetation can be found in 
the Great Caucasus (A6). 

This vegetation type occupies the highest of the altitudinal belts of the high mountains. Below the 
climatic snowline (2800-3000 m in the Alps), the subnival belt is characterised by its fragments 
of turf and cushion plants (the domain of the Luzuletum alpinopilosae Br.-Bl. in Br.-Bl. et Jenny 
1926 = Luzuletum spadiceae Rübel 1911). Above this the vegetation extends into the actual nival 
belt (cushion plant belt with cryptogams: Sieversio-Oxyrietum Friedel 1956, Androsacetum alpi-
nae at ca. 3400 m) up to the upper nival belt (cryptogam belt) and ultimately the altitudinal vege-
tation limit. 

The ecological conditions are extremely unfavourable for the growth of the plants. In the boreal 
mountain ranges the summer daytime temperatures are lower than in the high mountain regions of 
the nemoral zone. Here they can exceed 10 ºC and create extremely favourable growing condi-
tions, as the warming of the leaves promotes photosynthesis. On the Hoher Nebelkogel in the Ötz-
tal Alps, MOSER (1973) measured mean July values of just over 0 ºC at a height of 2 m above the 
ground, while the average July leaf temperature of Ranunculus glacialis in the sun is about 10 ºC. 
Through the formation of ecotypes in cold climates, photosynthesic performance can be more 
effective than in southern mountain ranges (e.g. with Oxyria digyna; cf. CRAWFORD 1989). A 
positive photosynthesic balance can thus be achieved even at low temperatures and with a low 
intensity of radiation. 

The evolution of the high mountain plants has led not only to physiological and biochemical, but 
also to morphological adaptations, so that in particular they better use the modest heat potential 
and avoid excessively high water loss and radiation exposure. Typically favoured life forms in 
this category include cushion plants (e.g. Saxifraga exarata, S. scleropoda, Silene acaulis, An-
drosace helvetica), rosette plants (e.g. Veronica aphylla, V. minuta) and stoloniferous plants 
(Geum reptans). At higher intensities of radiation in high mountain regions farther south, this 
results in the formation of succulent species and other densely pubescent plants (e.g. Aetheopap-
pus caucasicus, Tripleurospermum caucasicum, Berardia subacaulis). 

In all regions, sudden cold weather with snowfall and frost can occur even in summer, presenting 
special challenges to the plants’ survival strategies. According to MOSER (1973), Ranunculus gla-
cialis, the highest-growing flowering plant in the Alps (occurring at heights of over 4100 m on 
the Finsteraarhorn in Switzerland), transfers its biomass to subterranean organs during long peri-
ods of snow cover and can thus retract young buds, while the older buds remain as the plants wait 
for a favourable period before producing new shoots. Flower buds are thereby created one or two 
years in advance. In the boreal mountain ranges, this vegetative phase can last for several years, 
and the weather conditions over the course of one year determine the plants’ development the 
following year. Ranunculus glacialis has a low cold resistance (-6 ºC), and thus protected sites 
(e.g. hollows) where even summer snow cover can provide protection are of great importance. 
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The subnival-nival vegetation of the Caucasus (G. Nachucrišvili) 

The subnival to nival altitudinal belt is well developed on the main axis of the Great C a u c a s u s  
between 2900-3000 m and 3500-3700 m, but only incompletely in the Lesser Caucasus 
(NACHUCRIŠVILI 1995, 1999). There are scarcely any meteorological stations, the only one being 
in the region of Mount Kazbek at 3656 m (mean annual temperature: -6 ºC, January mean: -15 ºC, 
mean values for the warmest months July/August under 10 ºC, an absolute minimum of -42 ºC, an 
absolute maximum of 16 ºC, mean annual precipitation: 1074 mm, the average annual wind 
speed: 6.4 m/s). Large variations in daily air temperature (between -7 and 20 ºC in the near-
surface air layers), as well as strong solar radiation with high ultraviolet levels and soil tempera-
tures that can rise to 60 ºC result in extreme climatic conditions. In addition to this, further sig-
nificant site factors include the serious risk of erosion on ridgetop and slope sites (produced by 
freeze/thaw cycles) and the low nutrient potential of the substrate. 

The bedrock types are very diverse. In the Great Caucasus siliceous rocks (granites, schist, argil-
laceous schist) predominate; in addition to this, in many places – even in the Lesser Caucasus – 
igneous rocks (andesites, andesite-basalts etc.) are found on the surface. Calcareous rock is not 
frequent, but where it occurs it is characterised by the occurrence of numerous local endemics. 
The flora found on argillaceous schist is also diverse. 

There are around 140 species of vascular plants, dominated by species with regional or Asia Ante-
rior-Caucasian distribution. Characteristic are monotypic endemic genera of the Great Caucasus 
(Pseudovesicaria, Symphyoloma and Pseudobetckea) and taxonomically isolated species with a 
Asia Anterior-Caucasian distribution (the monotypic genus Vavilovia and oligotypic genera such 
as Coluteocarpus, Didymophysa, Eunomia). Endemic and Asian species are represented through-
out the Caucasus (NACHUCRIŠVILI 1995): 

Caucasian endemics: Pseudovesicaria digitata, Lamium tomentosum, Veronica minuta, Scrophu-
laria minima, Anthemis iberica, Tephroseris karjaginii, Senecio sosnoskyi, Tripleurospermum 
caucasicum, Cerastium polymorphum; only in the western part of the central Caucasus: Cerastium 
undulatifolium, Minuartia colchica, Saxifraga scleropoda; only in the eastern Caucasus: Cer-
astium kasbek, Minuartia ruprechtiana, Chaerophyllum humile; only in the eastern part of the 
eastern Caucasus (Dagestan): Ranunculus arachnoideus, R. brachylobus, Trifolium raddaenum, 
Veronica bogosensis. 

Arctic-alpine species: Trisetum spicatum, Saxifraga flagellaris, Gnaphalium supinum. 

Species of the Eurasian high mountain regions: Oxyria digyna, Saxifraga exarata, S. moschata, 
Potentilla gelida, Erigeron uniflorus. 

Caucasian-Asia Anterior species of the Great Caucasus: Colutoecarpus vesicaria, Alopecurus 
dasyanthus, Ranunculus brachylobus, Murbeckiella huetii, Saxifraga cartilaginea, S. sibirica, 
Alchemilla sericea, Trifolium polyphyllum, Jurinella subacaulis and others. 

Characteristic species of the subnival belt in the Lesser Caucasus: Cerastium pseudokasbek, As-
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tragalus vavilovii, Vavilovia formosa, Coluteocarpus vesicaria, Physoptychis caspica, Astragalus 
gezeldarensis, Campanula armena, Anchonium elichrisifolium. 

The vegetation is open, with low overall cover, and is restricted to rock and scree locations mainly 
colonised by lichens and mosses. Species of the alpine turfs and meadows can also occur in the 
vegetation in the lower part of the subnival belt (2900-3300 m) and form their own communities 
there. These include alpine mats with Campanula biebersteiniana, Taraxacum stevenii, Astraga-
lus supinus, Potentilla gelida, Pedicularis armena, Poa alpina; short turfs with Festuca airoides, 
Kobresia capilliformis, Carex tristis, Bistorta carnea and coloured fescue grasslands with Festuca 
varia and other species. 

The vegetation is comprised of a mosaic of species-poor micro-communities (nanocoenoses) in-
fluenced by the relief and the substrate, but also by the dominant life forms (e.g. tussock plants) 
with their corresponding influence on the establishment of other species (NACHUCRIŠVILI 1999). 
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B Arctic tundras and alpine vegetation  

Paul Heiselmayer, with contributions by Arve Elvebakk, Sara A. Gribova, Sergei S. Cholod 
(Chapter B.1), H. Wagner & Dato Bedošvili (B.2/Caucasus)  

Characterisation and typological delimitation; geographical distribution  

Formation B contains the dwarf shrub and grassland vegetation beyond the arctic tree line both in 
the high north (Arctic) and in the boreal, nemoral and Mediterranean high-mountain regions. The 
zonal forest-free vegetation is designated as tundra within the Arctic region as well as the adjacent 
northern boreal mountain ranges.  

To the north and in the high mountains these vegetation types are replaced by formation A: arctic 
polar deserts in the north as well as subnival vegetation of the high-mountain regions. Coniferous 
and deciduous open forests of the taiga (formation C.1) as well as the subalpine vegetation of 
formation C, form a prominent border towards the south and at lower altitudes.  

The main range of formation B lies in coastal lowlands and mountainous countries of the north-
ernmost parts and the high-mountain regions of Europe (except the southern Mediterranean; see 
Map 6). 
 
Stand structure and physiognomy; floristic composition  

Tundras and alpine vegetation are usually closed or loosely formed two-layered dwarf shrub for-
mations, or one-layered grass-heaths whose degree of cover is considerably greater than that of 
the polar deserts or the subnival-nival belt of the high-mountain regions. The moss layer is more 
abundantly developed in the tundra than it is in the alpine vegetation. Graminoids and herbs are 
usually summer-green, while the dwarf shrubs and shrubs of the southern mountain ranges are 
frequently evergreen (e.g. Empetrum spp., Vaccinium vitis-idaea, Arctostaphylos alpinus, Loise-
leuria procumbens, Rhododendron spp.). Trees are completely absent, while shrubs occur only in 
the southern sub-zone and the lowest altitudinal belt. Important for the stand structure and species 
combination is the geomorphology of the landscape, which frequently leads to vegetation mosaics 
and complexes.  

While the tundra vegetation and the alpine vegetation of the Scandinavian mountains have a 
prominent contingent of circumpolar or amphiatlantic species, as well as European mountain spe-
cies, endemic species may dominate in the mountain ranges of the nemoral and Mediterranean 
regions. 
 
Position in the phytosociological system (syntaxa)  

A multitude of highly differing communities exist owing to the variations in floristic and climatic 
gradients from north to south as well as the discontinuities between the mountain ranges. Rela-
tionships between tundras and alpine vegetation can be shown only at the class level (in the sense 
of MUCINA 1997):  
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Tundras and alpine vegetation 
Rock vegetation: Asplenietea trichomanis (Br.-Bl. in Meier et Br.-Bl. 

1934) Oberd. 1977 
Vegetation of screes and  
unstable mineral soils:  Thlaspietea rotundifolii Br.-Bl. 1948 
Dwarf shrub vegetation: Loiseleurio-Vaccinietea Eggler ex Schubert 1960 
Grassland: Carici rupestris-Kobresietea bellardii Ohba 1974, 
 Juncetea trifidi Hadač 1946 (= Caricetea curvulae Br.-

Bl. 1948) 
Snowbed vegetation Salicetea herbaceae Br.-Bl. 1948 
Tall herb vegetation: Mulgedio-Aconitetea Hadač et Klika in Klika 1948 (= 

Betulo-Adenostyletea Br.-Bl. et R. Tx.1943) 
Vegetation of springs and flushes: Montio-Cardaminetea Br.-Bl. et R. Tx. ex Klika 1948 
Mire vegetation: Scheuchzerio-Caricetea fuscae R. Tx. 1937  

Additionally in the high-mountain regions of Central and southern Europe: 
Grassland: Elyno-Seslerietea Br.-Bl. 1948 (= Seslerietea albican-

tis Oberd. 1978 corr. Oberd. 1990, Festuco-Seslerietea 
Barbéro et Bonin 1969) 

Additionally in the Mediterranean high-mountain regions (Spain): 
Grassland: Festucetea indigestae Rivas Goday et Rivas-Martínez 

in Rivas Goday et Mayor 1966  

 

Macroclimatic factors, site conditions  

Formation B is characterised particularly by low annual mean temperatures and a winter snow 
cover. Tundras differ from the southern mountain ranges by being subject to long dark winters 
and continuous summer radiation. The generally lower elevation of the sun does not produce too 
high temperatures even at midday. By contrast, the solar radiation and the mean daily temperature 
are considerably higher at more southern latitudes. The survival of the vegetation during the win-
ter is ensured mainly by the protecting closed cover of snow. On wind exposed, snow-free loca-
tions (so-called windy edges), winter-hardy specialists may dominate. In oceanic regions the snow 
cover is generally deeper and remains longer than it does in continental regions. Here a longer 
lasting ground frost occurs due to the thinner snow cover, which is the reason why permafrost 
soils are widespread there.  

A highly variable relief (alternating ridges, hilltops and depressions) results in site conditions that 
change over very short distances. Basins and ravines are usually moister, have deeper soils and 
preserve a higher and longer lasting cover of snow, while ridges and hilltops are generally drier 
and have a minor or negligible winter snow cover with shallower soils. 
 
Role in structuring the landscape, state of preservation, land use; nature conservation  

Traditionally, alpine regions have been anthropogenically exploited since ancient times as sum-
mer pastures including for the dairy industry. Sheep, goats and cattle, and reindeer in the north-
European tundra, are the most important grazing animals. Cattle are represented more frequently 
in the Alps than they are in other mountain ranges. 
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Nature conservation has a long tradition in the high-mountain regions. The first national parks in 
Europe (Switzerland, Scandinavia) were established in such areas. Today, large areas of the land-
scape above the tree line have been protected (e.g. national parks, nature reserves), and alpine 
pasturing is on the decline.  

While in the arctic tundras winter sports cause at most a local deterioration of the landscape and 
vegetation, more extensive developments in the Central and southern European mountain ranges 
(ski lifts and runs) have brought about a more severe deterioration of the alpine vegetation and 
their sites (soil compaction, erosion, disturbance). 
 
Classification into subunits  

The two main subdivisions, i.e. arctic tundras and alpine vegetation are differentiated climatically, 
physiognomically and with respect to their floristic composition.  

B.1 Arctic tundras  

This subformation includes vegetation units with mainly dwarf shrubs and creeping shrubs 
(Betula nana, Cassiope tetragona, Salix polaris, S. herbacea etc.) as well as a high proportion of 
mosses and lichens. Endemic species are rare.  

B.2 Alpine vegetation  

Grasslands and alpine mats of various forms dominate. Endemic species are numerous and often 
restricted to individual mountain ranges or massifs.  
 
B.1 Arctic tundras 

Arve Elvebakk, using contributions by Sara A. Gribova & Sergei S. Cholod 

Characterisation and typological delimitation  

The forest-free vegetation types of the Arctic region outside the arctic polar deserts are referred to 
as arctic tundras. In addition, the immediately adjacent mountain range vegetation of the Polar 
Urals as well as that of Iceland is also included here. The vegetation above the tree line in the 
Scandinavian mountain ranges is treated as B.2, since there is a close floristic relationship with 
the Central European high-mountain regions.  

The alpine vegetation of more southern lying areas is sometimes referred to by a number of authors as alpine tundra or moun-
tain tundra, but here these need to be terminologically differentiated from tundras due to the greater variety in growth forms 
and their differing species composition. The concept ‘arctic tundras’ is therefore applied for genuine tundras from now on.  

The mountain range vegetation of the northern boreal region resembles the adjacent arctic tundra and has therefore also been 
designated as ‘oroarctic’. It shows a continous transition to the actual alpine vegetation in the Scandinavian mountains and 
the Urals which are aligned north to south, but the concept is difficult to define, and is not used here.  
 
Geographical distribution  

In western Europe the arctic tundra is distributed in parts of Iceland, in a narrow strip of the 
northernmost part of mainland Norway, on the Norwegian island Jan Mayen, on the Svalbard 
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group of islands (including the largest island Spitsbergen) as well as on the isolated Bear Island 
(Bjørnøya). In Russia it occupies a strip along the northern coast of the Kola Peninsula as well as 
a considerably wider belt further to the east. It also spreads across the central and southern parts of 
Novaya Zemlya, the islands Kolguev and Vaygach as well as some smaller islands offshore from 
the Russian mainland. In the Polar as well as the Northern Urals the mountain tundras extend 
quite far to the south.  

The areas in western Europe, on Novaya Zemlya and in the Polar Urals are characterised by a 
highly variable relief, while in the rest of Russia a flat or hilly relief prevails.  
 
Floristic composition; stand structure and physiognomy  

The flora of the tundra is considered as species-poor. In the northern regions of the arctic tundra 
the number of vascular plants only just reaches that of the adjacent arctic polar deserts (60 spe-
cies), while in southern parts of the tundra region the number of species increases to 250-300 
(REBRISTAJA 1977). If all systematic groups are included, however, the number of species is much 
higher. On Svalbard, with only two sub-zones of arctic tundra (the northern and central-arctic 
tundra) the 173 vascular plant species represent less than 10 % of all botanical taxa known there, 
while mosses (373 species), lichens (593 species) and fungi (624 species) constitute a considera-
bly greater species diversity (cf. ELVEBAKK & PRESTRUD 1996).  

As a result of a marked site-determined community mosaic, the species variety increases with the 
variability of the relief. This can be explained by the more uneven snow distribution compared to 
the forested areas bordering to the south. A wind-exposed ridge can be free of snow almost the 
whole year round and can therefore have an entirely different species assemblage compared to the 
immediately adjacent snow-filled hollows, that are free of snow for only a few weeks during the 
year.  

Among the vascular plants, perennial herbs (cushion plants, rosette plants, grasses, broadleaved 
perennials) dominate. Towards the south dwarf shrubs increase in number and cover, while in the 
southernmost areas shrubs become more dominant in the stands. The shrubs and the majority of 
the dwarf shrubs are oligotraphent and able to grow on acid and leached soils (sand, peaty soils), 
often supported by mycorrhizas. In western areas many amphiatlantic species occur (e.g. Carex 
nardina, Cassiope hypnoides and Campanula uniflora) as well as some mainly American species 
(e.g. Minuartia rossii and Festuca baffinensis). In the eastern parts Siberian species occur. Other 
species have an Asiatic-north-American distribution (e.g. Geum glaciale, Tephroseris atropur-
purea and Hierochloë pauciflora). Along the north-south gradient, there is a change in the flora 
from dominance of high arctic species, which are absent in the southern parts of the Arctic, to 
primarily boreal species that barely penetrate into the Arctic.Endemic taxa are very rare and usu-
ally restricted to the level of subspecies due to the effects of apomixis, polyploidisation and hy-
bridisation (YURTSEV 1994).  
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Position in the phytosociological system (syntaxa)  

The most notable synsystematic studies on arctic vegetation were published by HOFMANN (1968), 
PHILIPPI (1973), HADAČ (1989), ELVEBAKK (1994) and MÖLLER (2000) for Svalbard. ELVEBAKK 
(1994) proposed arranging the recorded units into 17 associations, of which some should only be 
considered as provisional. Nevertheless, Svalbard is the best studied area of the Arctic, and sev-
eral of these associations are also represented in other Arctic regions. On neutral and basic soils 
the alliances Caricion nardinae Nordhagen 1935 (= Kobresio-Dryadion Nordhagen 1936), 
Luzulion nivalis Nordhagen 1936 and Drepanoclado-Poion alpinae Hadač 1946 (= Saxifrago-
Ranunculion nivalis (Nordhagen 1943) Dierssen 1984) occur along a gradient from wind-exposed 
ridges to small snow-covered valleys. On acid substrates these habitats are occupied by Luzulion 
arcuatae Elvebakk 1985 all. prov. and possibly also by the Polytrichion norvegici Gjærevoll 
1949. Tundra mires are assigned to the Eriophorion scheuchzeri Hadač 1939 (part of the Caricion 
fuscae Koch 1926), neutral to basic to the Ranunculo hyperborei-Drepanocladion revolventis 
Philippi 1973 all. prov., and spring vegetation to the Cardamino nymanii-Saxifragion foliolosae 
Hadač 1989. The grassland vegetation on bird colony rocks is assigned to the Cerastio-
Saxifragion cernuae Hartmann 1980.  

Communities of the arctic shrub tundra and the corresponding mountain tundra belong to the alli-
ances Phyllodoco-Vaccinion myrtilli Nordhagen 1936, Nardo-Caricion bigelowii Nordhagen 
1943, Cassiopo-Salicion herbaceae Nordhagen 1936 (or also Salicion herbaceae Braun-Blanquet 
in Br.-Bl. & Jenny1926) and Loiseleurio-Diapension (Braun-Blanquet et al. 1939) Daniels 1982 
(see also FREMSTAD 1997).  
 
Macroclimatic factors, site conditions  

The mean temperature of the warmest month (July) varies between 2-3 °C in the north and 
9-12 °C in the south (see Figure 5), according to continentality. The annual precipitation varies 
between 170 and 500 mm. Permafrost soils are found everywhere except for the southernmost 
parts. The thickness of the permafrost layer varies between 50 and 400 m. The thawing layer var-
ies from only 20 cm in the moss tundra to 1 m in well drained soils and reaches 2-3 m in the 
southernmost regions. Permafrost and periodic frosts lead to the development of frost fissures in 
the soil, to solifluction, cryoturbation and thereby to bulging up of the soil surface so that a nano- 
and micro-relief arises.  
In the northern parts of the Arctic, the humic soil horizon is developed only very sparsely and 
thinly (except in wet areas). For this reason the plants are rooted in close contact with the un-
weathered parent rocks that can be very different in their chemical and physical structure. The 
close relationship between the vegetation and the substrate is also determined by the strong cryo-
turbation that is frequently expressed in the form of frost-patterned (polygonal) soils. This soil 
mosaic thus increases the botanical diversity. There are also fundamental differences between the 
composition of the vegetation cover on acid, neutral and alkaline soils in the arctic tundras.  



Formation B Map of the Natural Vegetation of Europe 
 

 

120  

Phytomass production and the soil leaching processes reach their highest levels in the southern-
most areas of the Arctic. The substrate here, with its thicker peat layers and podzolic soils, resem-
bles more the adjacent boreal regions.  
 

 
Figure 5: Climate diagrams of the tundra zone (based on WALTER & LIETH 1967): Grimstadir (Iceland, moun-

tain tundra, B35), Gjesvær (Northern Norway, oceanic shrub tundra, B18), Kanin Nos (Kanin Penin-
sula, Russia, continental shrub tundra, B21), Varneka Buchta (Vaygach Island, Russia, central-Arctic 
tundra, B2).  

 
State of preservation, land use, substitute communities; nature conservation  

The status of protected areas in the Arctic was documented in a report by the CAFF (Conservation 
of Arctic Flora and Fauna), the programme for preserving Arctic flora and fauna (CAFF 1994). 
The north-western part of Iceland with arctic shrub tundra and also parts of the inland mountain 
range vegetation are protected, as are large parts of Svalbard. The middle arctic tundra zone with 
central parts of the arctic tundra, where a large number of rare vascular plants occur, is unpro-
tected over large areas where human influence is particularly great. Attempts to improve this 
situation have been undertaken, but have failed until now due to numerous conflicting interests.  

No areas are protected on Novaya Zemlya. The influence military use and atomic testing has had 
on the vegetation here is unclear. In general the Russian tundra is almost completely unprotected, 
as is the coastal tundra vegetation of the Kola Peninsula which is similar to that of adjacent areas 
in Norway. Some areas with arctic mountain tundra on the Kola Peninsula are protected, but have 
in part been damaged by emissions from local industry. Elsewhere, only the island of Vaygach 
and the western peninsula of the Pechora bay are protected. However, wide expanses of European 
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Russia have hardly or only locally been influenced my man; in this case it is hard to find any areas 
that are really under threat. The creation of a network of protected areas based on biodiversity and 
ecosystem protection was already discussed in 1996 as part of the CAFF programme (CAFF 
1996).  
 
Classification into subunits  

The zonal tundra vegetation is divided into four subgroups (see Map 6 and the general 
1 : 10000000 map): northern arctic, middle arctic and southern arctic tundras as well as shrub 
tundras which border on the northern boreal (formation D) as well as the subarctic open forests 
(formation C) to the south. These sub-zones are differentiated according to the climate and regard-
ing the growth forms of their woody plants. Along the temperature gradient, the arctic tundras are 
subdivided in 2-2.5 °C steps into four subgroups; they cover a range from 2(3) to 10(12) °C re-
garding the mean temperatures of the warmest month. These figures relate to the mean tempera-
ture of the warmest month, and vary somewhat with oceanity. An alternative characterisation with 
temperature sums (sum of all monthly positive mean values) is independent of the oceanity gradi-
ent. The northern limit with the arctic polar desert zone would then be about 5 °C, and the south-
ern limits of the four arctic tundra zones or subzones would then be about. 11, 18, 27 and 36 °C, 
respectively (ELVEBAKK in prep.).  

The southern altitudinal units marking a transition to alpine vegetation are grouped together as 
their own formation unit ‘Mountain tundras and sparse mountain vegetation’. The arctic mires are 
assigned the azonal vegetation of formation S.  
 
B.1.1 Northern arctic tundras  

Northern arctic tundras (Mapping unit B1) are distributed in the coastal regions of Spitsbergen 
and in protected areas of the eastern Svalbard islands. On Novaya Zemlya the northern arctic tun-
dra is developed in its middle parts along the coast and in the southern parts both in coastal areas 
and in the central hills. In the north they border on the polar deserts or the coasts of cold seas. In 
the south they are restricted to unprotected cold coastal strips.  

The northern arctic tundras are characterised by a sparse and discontinuous vegetation cover. In 
fresh or moderately moist stands the cover of bare mineral soil reaches 20-50 %, while on ridges it 
is usually smaller, and on wet locations higher.  

The vegetation on small elevations is formed by Dryas octopetala communities, accompanied by 
species such as Carex rupestris, C. nardina and C. misandra that are absent from the arctic polar 
deserts. Nevertheless the greater part of the landscape is covered by a vegetation related to that of 
the snowbed communities which grow in moderately moist locations. The growth period usually 
begins here at the beginning of July. Salix polaris and Saxifraga oppositifolia, as well as the li-
chen Cetrariella delisei, are characteristicspecies. On neutral soils Luzula arctica is a good char-
acter species (despite its relatively low abundance) while on acid soils Luzula confusa is domi-
nant. Another typical community of the northern arctic tundra, found in depressions on neutral to 
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alkaline substrates which remain snow-bound until July 15th, is the Poa alpina snowbed.  

A Deschampsia alpina community develops in seasonally moist hollows The climate is too cold 
for peat formation, but mixed stands of mire-specific mosses such as Drepanocladus cossonii and 
Loeskypnum badium occur as well as mosses of moist sites such as Encalypta alpina and Scor-
pidium turgescens together with Deschampsia alpina. This community is referred to as tundra 
mire, which is highly characteristic for the northern arctic tundra zone (ELVEBAKK 1994), and 
which resembles the normal peat forming mires occurring further to the south although not actu-
ally producing peat  

On slopes, a peat-producing community often occurs that is dominated by Tomentypnum nitens. 
The insulating peat layer, and the cold climate lead to the formation of just a very thin thawing 
layer (20-30 cm). The peat formation is due to the permafrost here, since the peat layers accumu-
late without anaerobic water saturation. This community is described as moss tundra instead of 
mire. The best developed moss tundras are found in the northern arctic tundras of Svalbard and 
Novaya Zemlya. Bird cliffs are widespread in areas of the Arctic where there is no sea ice because 
of the influence of the Gulf Stream. In other regions of the Arctic, the regular occurrence of sea 
ice prevents the occurrence of large populations of sea birds, so that resting places for birds are 
much rarer there.  

The average July temperature in areas with northern arctic tundra varies between 2.5 and 4-5 °C 
and permafrost soils are widespread. In the south of the northern arctic tundra the warmer climate 
produces a deeper thawing of the soil. Here, vascular plants gain an advantage over mosses on 
otherwise comparable sites. The occurrence of small rodents has a similar effect in these areas.  
 
B.1.2 Middle arctic tundras 

Middle arctic tundras (B2-B4) are distributed in inland areas of Svalbard, on Jan Mayen, on Bear 
Island (Bjørnøya), in the southern part of Novaya Zemlya and on Vaygach island. There, mean 
July temperatures range between 4-5 and 6-7 °C, the higher figures in continental areas. The vege-
tation covering is more or less closed, apart from on steep slopes, exposed ridges, wide submerged 
riverbeds and recent moraines from the small Ice Age. Such vegetation-free surfaces often occupy 
large areas of the landscape.  

Circumpolar Cassiope tetragona-tundras as zonal vegetation and well developed peat mires are 
characteristic for middle arctic tundras. Between the Kola Peninsula and the utmost north of the 
Urals Cassiope tetragona shows a gap in its distribution and is replaced on Novaya Zemlya on 
fresh to moderately moist sites by a characteristic zonal vegetation with Carex arctisibirica. This 
appears to be related to or maybe a subspecies of C. bigelowii and is known from only one place 
on Svalbard. The Carex arctisibirica community on Novaya Zemlya is also characterised by Salix 
species (particularly Salix polaris, S. nummularia, S. reticulata), by eastern species such as My-
osotis asiatica and Parrya nudicaulis, and by leguminous plants such as Hedysarum alpinum, 
Oxytropis campestris subsp. sordida and Astragalus alpinus. The family of the Fabaceae is al-
most completely absent from the west European Arctic, except in the arctic shrub tundra in the 
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extreme north of Iceland and the Norwegian mainland.  

Betula nana, Empetrum hermaphroditum and Vaccinium uliginosum subsp. microphyllum are rare 
and only local companions of the Cassiope communities. Also, the number of species increases 
(compared to northern arctic tundras) in all types of habitats. Pedicularis dasyantha, an endemic 
species for Svalbard and Novaya Zemlya, as well as numerous sedge-species grow on limestone 
ridges. Hierochloë alpina is characteristic of acidic substrates. Snowbed communities show a 
significant proportion of ‘southern’ species such as Trisetum spicatum, Minuartia biflora, Ranun-
culus pygmaeus and Taraxacum arcticum. On calcareous soils Salix reticulata is common. In 
mires, many sedge species (Carex saxatilis, C. parallela, C. marina subsp. pseudolagopina, C. 
arctisibirica) as well as Ranunculus villarsii, R. pallasii and R. spitzbergensis grow. Numerous 
Potentilla species and Polemonium boreale occur on scree slopes.  

On the west-lying oceanic islands of Jan Mayen and Bjørnøya many characteristic species such as 
Cassiope tetragona, Dryas octopetala and Carex rupestris are absent. Other species are replaced 
partially or completely (Salix polaris by S. herbacea, Luzula confusa by L. arcuata). Some 
‘southern’ elements such as Cerastium cerastoides, Ranunculus glacialis and Rhodiola rosea also 
occur. Thick moss cushions with Racomitrium lanuginosum, R. ericoides and Sanionia uncinata 
are characteristic for the young quaternary volcanic island Jan Mayen that features numerous lava 
streams and coarse-grained soils.  

Such areas have a long but cool growth period. With mean July temperatures of approximately 
4.5 °C and similar or even slightly higher mean August temperatures, they have a climate which 
shows a strong oceanic influence. The mean September temperature (2 °C) is relatively high for 
the Arctic. Numerous days with fog cover bring about a more humid situation than the mean an-
nual precipitation of 400-600 mm would suggest. On Jan Mayen this effect is reduced by the high 
porosity of the coarse-grained soils. Seasonally moist small snow-filled depressions are character-
ised here by the dark moss Arctoa anderssonii which is adapted to these variable conditions.  

The three mapping units (B2, B3, B4) reflect the different degrees of oceanicity or continentality 
determined by location and the corresponding phytogeographical differences.  
 
B.1.3 Southern arctic tundras  

Southern arctic tundras are distributed over extensive areas from the island of Kolguev and the 
adjacent mainland up to the foothills of the Polar Urals. A small part of the south-facing volcanic 
slope of Jan Mayen can also be included within the southern arctic tundra (B5). This young vol-
canic island has an impoverished flora, but in climatically favourable areas there is a more fre-
quent occurrence of Empetrum hermaphroditum that can also produce ripe fruits (LID 1964), an 
important criterion for this assignment. Snowbed communities with Sibbaldia procumbens and 
several Taraxacum species are a reminder of the vegetation of the corresponding subzone in 
neighbouring Greenland and characterise the uniqueness of the island.  

The predominance of dwarf shrub communities is typical for the southern arctic tundras of the 
European north. They are species-poor and uniform, the species saturation is lower than it is in the 
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more northern tundras. 45-75 species (17-43 vascular plants, 9-18 mosses, 10-22 lichens, KAT-

ENIN 1972) are found in different variants of the east European dwarf birch tundras. However, 
only 15-20 species are really frequent.  

The most important stand-forming elements of the southern arctic tundras are ericoid dwarf 
shrubs (Vaccinium uliginosum subsp. microphyllum, V. vitis-idaea subsp. minus, Empetrum her-
maphroditum) and hypoarctic shrubs (Betula nana, Salix phylicifolia, S. lanata, S. hastata, S. 
glauca) which grow in dwarf shrub form. Shrubs that are low-growing here such as Betula nana 
remain restricted to small depressions in the landscape, unlike the more southern shrub tundra, 
where they also grow on ridges.  

Astragalus alpinus, Carex arctisibirica, Petasites frigidus, Rubus chamaemorus, Saussurea alpina 
and Valeriana capitata are characteristic herbaceous plants. Prostrate dwarf shrubs are not as 
widespread as they are in the north, while taller shrubs (> 40 cm) are better developed along the 
southern border.  

Habitat types are distributed in a mosaic-like manner corresponding to the nanorelief: first on 
small hills the above mentioned ericoid dwarf shrubs grow together with the mosses Hylocomium 
splendens, Pleurozium schreberi, Dicranum elongatum, D. angustum and the lichens Cladina 
rangiferina, C. mitis; second in hollows, hygrophilous mosses such as Sphagnum girgensohnii, 
Aulacomnium turgidum, A. palustre and Polytrichum alpinum occur. Grasses, sedges (e.g. Carex 
arctisibirica), herbs and also lichens (Flavocetraria nivalis, F. cucullata, Cladina mitis, C. 
rangiferina, Cladonia macroceras, C. amaurocraea etc.) thrive between the ridges.  

The proportion of arctic and arctic-alpine species is much lower in the southern compared to the 
middle arctic and particularly the northern arctic tundras. Amongst the arctic-alpine geo-elements 
the following should be emphasised: the amphiatlantic Betula nana and the European-west Sibe-
rian Salix phylicifolia agg. In the pre-Ural southern arctic tundras, Siberian species such as 
Calamagrostis holmii, Salix pulchra, Tephroseris atropurpurea and Oxytropis campestris subsp 
sordida play a significant role.  

The climate of southern arctic tundras compared to that of the more northern subformations is 
characterised by higher temperature sums, a comparably longer frost-free period, mean tempera-
tures in the warmest month of 6(7) to 8(9) °C, and a relatively higher annual precipitation (350-
600 mm) that mainly falls during the winter. The mean level of snow cover is 60-70 cm, with a 
maximum of 1-1.5m where a more or less uniform distribution occurs.  

Southern arctic tundras occur in the zone of the almost completely continuous range of permafrost 
soils. The seasonal thawing depth, depending on soil texture, is 60 to 100 cm on sandy-loamy 
soils and 90-150 cm on loamy-sandy to sandy soils. On weakly to moderately loamy substrates, 
weakly podzolic gley type soils occur, while on sandy substrates podzolic ‘Podbury’ soils appear 
(IGNATENKO 1979).  

On Jan Mayen, south exposed moss-rich dwarf shrub tundras (B5) belong to the southern arctic 
form. In the southern and western part of Iceland, oceanically influenced seemingly azonal moss 
‘tundras’ (B6) cover large areas. In Russia (the Pechora region and Kolguev island) herb-moss 
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tundras (B7) are formed, whereby the complex with mires and willow shrubs characterises the 
moister areas (B8). In the Pechora region such complexes also occur with the creeping shrub li-
chen tundra (B9, B10). The Yugor Peninsula constitutes a special case. In addition to herb-moss 
tundras (B11, B12), low-growing willow tundras (B13) and moss-lichen tundras are formed with 
Dryas octopetala (B14). A hygrophilous form of the herb-moss tundras (B15) with Sphagnum 
russowii and Rubus chamaemorus occurs on the Yugor Peninsula and the west of the Pechora bay.  
 
B.1.4 Arctic shrub tundras  

The arctic shrub tundras in Russia form a continuous belt north of the northern boreal forests (D) 
and subarctic open forests (C) with its main area of distribution between 67˚ and 68˚ north. They 
extend northwards and southwards in the area of the western Urals. In the southern part of the 
Bol'sezemel'skaja tundra, where on the windward side of the Ural ridge the annual precipitation 
reaches 500-600 mm (maximum magnitude in the east European part of the tundra region), the 
arctic shrub tundras are particularly well developed. They continue to the west in the northern part 
of the Kola Peninsula and reach the northern limit of their range in northern Norway (Finnmark) 
at approximately 71˚. Shrub tundras also occur at the northernmost coastal regions of Iceland. In 
these oceanic regions Empetrum hermaphroditum predominates, while Betula nana recedes. Salix 
shrubs are widespread, but are often restricted to local damp depressions. Salix lapponum, S. 
glauca, S. lanata and S. phylicifolia are the most frequent species.  

Northern outposts of the boreal vegetation in protected valleys of river courses in northern Finnmark have Betula pubescens 
forests and riverbank scrub with Salix myrsinifolia. Also in Russia, forests accompany river courses fed from warmer waters 
from the south, thus preventing the local formation of permafrost soil. Boreal species such as Cornus suecica and Nardus 
stricta are widely distributed in Norwegian shrub tundras, the latter particularly in grazed locations that otherwise would 
normally sustain Vaccinium myrtillus. On Iceland, vast areas are overgrazed and affected by recent volcanic ash deposits and 
strong erosion. The vegetation in these situations shows a differing physiognomy with species such as Armeria maritima, 
Thymus praecox subsp. arcticus, Galium normanii and Kobresia myosuroides.  

The arctic shrub tundras are represented by communities with a well developed shrub layer con-
sisting of Betula nana (coverage 60-70%, 50-100 cm high). Admixture of one or several Salix 
species (Salix phylicifolia, S. lanata, S. lapponum, S. hastata, S. glauca) are significant. Usually 
two layers are formed: the higher (70-100 cm) with Betula nana, Salix phylicifolia, S. lanata and 
S. lapponum and the lower (50-70 cm) mainly with Salix glauca. The low annual temperature is 
insufficient for tree growth.  

The herb layer is well developed (average cover 30-35 %, 10-15 cm tall) and consists mainly of 
dwarf shrubs (Vaccinium vitis-idaea, V. uliginosum subsp. microphyllum, Empetrum hermaphro-
ditum, Ledum palustre). Regular admixtures of boreal species are characteristic: Carex globularis, 
Geranium sylvaticum, Vaccinium myrtillus, Solidago virgaurea. In the moss layer, Pleurozium 
schreberi plays the most important role.  

In arctic shrub tundra as well, small snowbeds occur often, scattered in mosaics. Snowbeds in 
oligotrophic situations are characterised by Salix herbacea, Gnaphalium supinum, Cassiope hyp-
noides and Veronica alpina. In mesotrophic snowbeds tall and bulky forbs such as Epilobium 
angustifolium, Angelica archangelica, Geranium sylvaticum and Alchemilla spp. appear. Wind-
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exposed ridges have arctic-alpine communities (Loiseleurio Diapension (Br.-Bl. et al. 1939) 
Daniëls 1982) with the characterising species Diapensia lapponica, Loiseleuria procumbens, Jun-
cus trifidus and Arctostaphylos alpinus. This ridge vegetation is absent from the boreal forests 
further to the south. Ombrotrophic mires dominated by Sphagnum species are also important 
among the vegetation.  

Shrub tundras develop in areas with island-like distributions of permafrost soils which occupy 30-
40 % of the area of this tundra type. In this unit, the seasonal thawing of sandy-loamy soils ex-
tends down to 2-3 m deep and on sandy soils down to 3-5 m. A hummocky nano- and micro-relief 
develops as a result of this. Weakly podzolic gley soils (‘Podbury’) as well as podzol-type and 
podzolic Al-Fe humus soils predominate (IGNATENKO 1979).  

The categorisation of the shrub tundras is based on the oceanic-continental climatic gradient as 
well as on the edaphic gradient from aerated to waterlogged; complexes of these forms are also 
considered in this classification. The large number of mapping units in Russia is determined by 
the great number of different species combinations and complex combinations (particularly with 
mires). An oceanic type of tundra is found on Iceland (B16). On the Kola Peninsula and in 
Finnmark either lichen-rich tundras with Calluna vulgaris (B17) or dwarf-shrub-rich tundras 
(B18) occur. Further from the coast of the Kola Peninsula dwarf birch tundras are formed with 
Cornus suecica (B19) while the type with shrub willows and Trientalis europaea reaches to the 
Yugor Peninsula (B20). Different shrub tundra complexes with willow tundras and palsa mires 
(B23) as well as with sedge and brown moss fens (B24) occur between the Kanin Peninsula and 
the Pechora bay. The dwarf birch tundras with shrub willows (B25, B26, B27) as well as those 
that alternate with palsa mires (B28) reach into the Polar Urals. The pre-Ural dwarf birch and wil-
low tundras are distinguished from the above described units particularly by species with an east-
ern distribution such as Tephroseris atropurpurea and Eritrichium villosum. Thus dwarf birch 
tundras in complex with palsa mires (B29, B32, B33) correspond to the more western units B21, 
B27 and B28 in composition and structure. The willow-dwarf birch tundras of B22 and the pre-
Ural unit B30 form a similar pair of mapping units with differing west-east distributions. Unlike 
B33, B31 and B32 are characterised by the occurrence of numerous arctic-alpine species.  
 
B.1.5 Mountain tundras and sparse mountain vegetation  

Apart from the zonal classification into arctic shrub tundras as well as northern, middle and south-
ern arctic tundras, there are also mountain tundras in the arctic and in the boreal mountain ranges 
bordering the Arctic to the south. Such tundras are closely related to the vegetation in the south-
ernmost part of the Arctic. These mountain tundras have been mapped in three different geo-
graphical areas with indistinct transitions between arctic tundras and boreal mountain vegetation: 
on Iceland, on the Kola Peninsula as well as in the Polar and Northern Urals.  

On Iceland a tundra-like mountain vegetation (B34, B35) occupies large areas from the north 
coast (above 300 m) to the glacier regions. The sites are strongly influenced by volcanic sedi-
ments. Large areas of central Iceland, however, have a very sparse vegetation cover, especially 
where gritty-sandy soils are rapidly formed by rain and wind erosion (B35). The ample mineral 
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content of the soils with their weakly acid to neutral reaction explains the concurrence of ‘neutro-
philous’ and ‘basiphilous’ species (e.g. Silene acaulis, Dryas octopetala and Saxifraga oppositifo-
lia) with acidophilous indicators such as Luzula spicata, Salix herbacea and Alchemilla alpina. 
Somewhat unusual, but exceptionally characteristic for Iceland, is the frequent ocurrence of Ar-
meria maritima, Thymus praecox subsp. arcticus, Cardaminopsis petraea and the extensive cover 
of Racomitrium species (cf. B34). In the western part of the Kola Peninsula, mountain tundra 
(B36) develops above the northern boreal open birch forests (C2) as well as above the spruce and 
pine forests (D2, D42, D44).  

Mountain tundras of the Kola Peninsula are characterised by a high diversity in the vegetation 
cover and a relatively high species number. Dwarf shrub-lichen tundras are dominant. One can 
distinguish two altitudinal belts within the mountain tundras. The lower altitudinal belt ascends to 
700 m and is mainly represented by species with a hypoarctic distribution. It is made up of dwarf 
shrub, dwarf shrub-lichen and shrub tundra (Betula nana, Salix glauca, S. lanata). In the higher 
mountain tundras (700-900 m) one finds arctic alpine species (Salix herbacea, Carex bigelowii, 
Cassiope hypnoides) in addition to the dwarf shrubs and lichens that are typical for the lower belt. 
Even higher up (above 900 m) the proportion of flowering plants is very small. Mosses and li-
chens play the leading role here. Not uncommonly, herb-moss and dwarf shrub-moss communities 
develop in flat terrain near mountain peaks (primarily with Dicranum fuscescens), reaching a 60-
70 % degree of cover. On slope terraces and saddles, small-sized mires have formed in depres-
sions: Moss-rich types with Calliergon sarmentosum, Hypnum sp., Warnstorfia fluitans and often 
with additional dwarf shrubs and herbs.  

The mountain tundras of the Paj-Choj, the Polar and Northern Urals are represented by three map-
ping units: Lichen high-mountain vegetation (B37), Dwarf shrub-moss-lichen tundras (B38) and 
Herb-moss mountain tundras (B39). The lichen tundras on screes in the uppermost altitudinal belt 
(B37) are typologically very closely related to the arctic polar deserts of mountains. Crustose 
lichens play an important role in their composition. In places with mainly shallow soils shrub li-
chens prevail. The most frequent mosses include Racomitrium lanuginosum, R. microcarpon, 
Andreaea rupestris and Tetralophozia setiformis, while flowering plants include Ranunculus 
pygmaeus, Oxygraphis glacialis, Geum glaciale and Cardamine bellidifolia. The cover of lichens 
and bryophytes varies between 30 and 60 %, while that of vascular plants never exceeds 5 %. All 
communities reflect the extreme environmental conditions with a very short growth period and a 
particularly unfavourable moisture regime.  

Well developed soils are lacking, and fine soil is found only between blocks of stone and in rock 
fissures. Lichen tundras occupy the highest altitudes: in the Polar Urals at altitudes between 700 
and 1895 m; in the Northern Urals they are found at peaks as small islands between altitudes of 
1100 and 1200 m.  

In the Dwarf shrub-moss-lichen mountain tundras (B38), bryophytes and lichens cover 20-80 % 
of the surface. Among the dwarf shrubs Dryas octopetala, Arctostaphylos alpinus, Empetrum 
hermaphroditum, Vaccinium uliginosum, V. vitis-idaea, Loiseleuria procumbens, Ledum palustre 
and Phyllodoce caerulea predominate.  
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These mountain tundras can be further subdivided into genuine lichen tundras (with a small pro-
portion of mosses, dwarf shrubs and herbs) and dwarf shrub-moss tundras. Lichen tundras are 
primarily represented by Arctostaphylos-Cladonia tundras, and dwarf shrub moss tundras by 
Dryas- and Racomitrium- rich forms.  

Mountain tundras are distributed in the Polar Urals at altitudes between 300 and 900 m below the 
unit B37. They occupy ridges, projections of mountain terraces and weakly inclined slopes. Skele-
tal-rich, shallow and oligotrophic soils are typical. There are scattered debris surfaces free of 
vegetation or overgrown with mosses.  

In the Herb-moss mountain tundras (B39) with a degree of cover of 30-70 % the following mosses 
dominate: Rhytidium rugosum, Polytrichum alpinum, Racomitrium lanuginosum, Hylocomium 
splendens, Pleurozium schreberi, Aulacomnium turgidum. Lichens are less common (Cladonia 
amaurocraea, Cetraria islandica, Thamnolia vermicularis). The shrub layer is only weakly de-
veloped and is formed from Betula nana, Salix lanata, S. arctica, S. arbuscula and S. glauca, its 
cover hardly reaches 10 % and seldom exceeds 20 %. In the herb layer (cover 30-70 %) dwarf 
shrubs play only a minor role. Herbs such as Hedysarum arcticum, Pedicularis oederi, Oxytropis 
campestris subsp. sordida, Bistorta vivipara, B. officinalis, Valeriana capitata, Saxifraga hircu-
lus, S. hieraciifolia, Lloydia serotina, Hieracium alpinum, Rumex arifolius, Pachypleurum 
alpinum as well as Carex bigelowii predominate.  

Herb-moss tundras occupy flat mountain terraces at altitudes between 900 and 1200 m. The sites 
have mountain tundra soils which are locally wet and peaty. These tundras are distributed primar-
ily in the southern part of the Polar Urals and in the Northern Urals (according to GORČAKOVSKIJ 

1975).  

This unit has also been mapped within the arctic zone in lower mountainous locations of the Paj-
Choj, east of the Pechora bay and on the Kanin Peninsula.  
 
B.2 Alpine vegetation (alpine grasslands, low creeping shrub, dwarf shrub and shrub vege-
tation, rock and scree vegetation) in the boreal, nemoral and Mediterranean zone  

Paul Heiselmayer, with contributions by H. Wagner and D. Bedošvili  

Characterisation and typological delimitation  

The formation of the alpine belt outside of the Arctic is designated as alpine vegetation. Its distri-
bution is restricted to the high-mountain regions of Scandinavia, the Pyrenees, the Alps and the 
Carpathian Mountains, as well as the high-mountain regions of Spain, the Apennines, the Balkans 
and the Caucasus (see Map 6: B5). The forest-free high locations of Iceland and the Urals are not 
included: because of their transitional nature these were assigned to the subformation B.1.5 
(mountain tundras and sparse mountain vegetation). Apart from the zonal alpine grasslands, the 
edaphically-determined alpine rock and scree vegetation as well as the plant communities of 
snowbeds, windswept tops, spring vegetation and mires are also considered in these mapping 
units. All these habitats lie above the tree line. The alpine zonal dwarf shrub formation with Rho-
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dodendron ferrugineum and R. hirsutum is not included. This unit occurs mostly in the subalpine 
belt as a result of the anthropozoogenic lowering of the climatic tree line (alpine meadow zone), 
and thus closely resembles the forests and scrub in this belt. Such vegetation types are dealt with 
in formation C.  

Lower down, formation B borders on either the subalpine forests (mainly coniferous forests or 
deciduous broadleaved forests of formation D), or on shrub, dwarf shrub and tall-forb communi-
ties that usually occur together with such forests (formation C). The altitudinal limit where the 
closed grass cover is replaced by open vegetation occurrence with cushion plants, is defined as the 
upper limit (border to the subnival and nival belts – formation A).  

Different opinions exist regarding the categorisation and mapping of zonal vegetation in the al-
pine belt. As already mentioned, dwarf shrubs (Rhododendron ferrugineum and R. hirsutum) in 
the Alps are assigned to different altitudinal belts. While some authors (OZENDA 1988, WAGNER 

1970) relate the species composition of this ‘dwarf shrub belt’ and assign them to the forests that 
occur at the tree line (and therefore count them in the Alps as belonging to the subalpine belt), 
other authors (e.g. SCHRÖTER 1926) consider the actual tree line as the dividing line between the 
subalpine and alpine belts. With this definition the dwarf shrub formation is assigned to the lower 
alpine belt. In the Scandinavian mountains, the dwarf shrub vegetation with Betula nana also be-
longs to the lower alpine belt.  

The altitudinal range of the alpine belt varies according to latitude and whether the location is at 
the margin or the interior of a high-mountain region. In Scandinavia for instance it lies between 
(800)1200 and 1700 m, in the northern alps and Carpathian Mountains between (1900)2000 and 
2500(2700) m, in the interior and southern Alps between (2200)2300 and 2800(3000) m, in the 
Pyrenees between 2400 and 3200 m, and in the Caucasus between (2400)2500 and 
3000(3100) m. A general overview of the various altitudinal belts with their zonal vegetation is 
provided in Table 4.  
 
Geographical distribution  

The main distribution area of formation B.2 is in the high-mountain regions of Europe above the 
tree line. They occur from the Scottish and Scandinavian mountains all the way to the south-
European high-mountain regions and the Caucasus, wherever a winter rain climate does not pre-
vail (such as in the mountains of southern Greece, in southern Italy and Sicily, and in southern 
Spain). The ocurrences of the formation are spread over the whole of Europe; larger continuous 
areas are found in the Scandinavian mountains, the Alps, the Pyrenees and the Caucasus.  
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Table 4: Altitudinal distribution of the alpine vegetation in the high-mountain regions of Europe (Formation 
B.2) 

 Scandinavian  
mountains 

Alps, Carpathian  
Mountains, Pyrenees 

Apennines, Dinarides, 
Balkans, Spain Caucasus 

Upper limit 1700 m 2500–3200 m 2500–3400 m 3000–3100 m 

High-alpine Grassland fragments Grassland fragments Grassland fragments Alpine mats 

Carbon-
ate 

Grassland  
(Kobresio-Dryadion) 
 

Grassland  
(Seslerion albicantis, 
Caricion ferrugineae; 
Carici rupestris-
Kobresietea bellardii) 

Grassland  
(Seslerietalia albicantis, 
Seslerietalia tenuifoliae, 
Onobrychido-Seslerietalia, 
Daphno-Festucetalia) 

Grassland  
(Carici rupestris-
Kobresietea bellardii, 
Kobresietalia capilliformis) 
Grassland with Geum 
speciosum (to low-alpine) 

M
id

dl
e-
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Silicate  Grassland 
(Nardo-Caricion 
bigelowii, Juncion 
trifidi, Phyllodoco-
Vaccinion myrtilli, 
Loiseleurio-Arctosta-
phylion) 

Grassland 
(Festucion variae,  
Caricion curvulae;  
Loiseleurio-Vaccinion) 
 
 

Grassland 
(Ranunculo-Nardion,  
Seslerietalia comosae, 
Trifolietalia parnassii,  
Festucetea indigestae in 
Spain) 

Alpine mats 
(Salicetea herbaceae, 
Sibbaldion semiglabrae) 
Grassland 
(Juncetea trifidi,  
Festucetalia woronowii, 
Carex tristis grassland) 

 
Lower-alpine 

 
Dwarf shrubs with 
Betula nana 

Grassland,  
dwarf shrubs with Rhodo-
dendron species 

Grassland, 
Scrub, sometimes with 
Pinus mugo 

Nardus grassland,  
Scrub with Rhododendron 
caucasicum 

Lower limit 1200 m 1900–2300 m 1800–2300 m 2400–2500 m 

 

Stand structure and physiognomy  

Variously closed grassland communities with dominant grasses and graminoids are the character-
istic vegetation types in the alpine belt. Chamaephytes are almost exclusively low creeping 
shrubs, while in pioneer communities and near transitions to the subnival belt cushion plants also 
appear. At lower levels near to the edge of the subalpine belt, upright dwarf shrubs may penetrate 
into areas occupied by grassland; such stands then show a clear layering. A marked moss layer is 
found outside fens and spring bogs only in areas long covered by snow.  

The dominant growth forms are hemicryptophytes and chamaephytes (here especially low creep-
ing and dwarf shrubs). Other growth form types are rare. Therophytes are restricted mostly to the 
genera Melampyrum and Euphrasia. The numerous incidences of winter-green species in the 
grass-heaths and evergreens in the dwarf and low creeping shrub communities is especially char-
acteristic for the alpine vegetation types. In the Scandinavian mountains Betula nana as the most 
common shrub, sheds its leaves in winter. While dwarf shrubs as well as creeping shrubs recede in 
the Apennines and Dinaric mountains, they are quite common in the mountains of the Balkans 
(outside of the Dinaric alps, including the Greek mountains) on carbonate rock in individual 
communities (e.g. Salix retusa, S. reticulata).  

The brief summer growth period also leads to a shortening of the individual seasonally determined 
phenological phases. By the time of snowmelt, spring (prevernal) plants are already well devel-
oped. Soldanella species start blooming in the Alps when there is still a thin cover of snow (2-3 
cm). Additional spring bloomers include Primula, Crocus and Pulsatilla. In the early summer 
(aesteval), Asteraceae (composites) start to bloom, while Euphrasia flowers during the late sum-
mer (serotinal). As a rule, herbaceous plants start to retract after the first severe frosts set in (in the 
Alps at the end of August or the beginning of September). In the alpine belt (particularly the upper 
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alpine belt) a delay of the phenological phases can occur due to the unfavourable climatic condi-
tions (shortness of the vegetation period), so that flowering starts only in the 2nd year (e.g. 
Ranunculus glacialis).  
 
Floristic composition  

Because of the separation of the individual mountain ranges and the development of endemic spe-
cies, no characterising species are known that pertain to all mountain ranges. Common genera 
with many alpine species might include: Androsace, Astragalus, Draba, Festuca, Gentiana, Pedi-
cularis, Phyteuma, Potentilla, Primula, Saxifraga, Veronica. Considering the entire flora, the 
families of the Cyperaceae and the Brassicacea are overrepresented, and in the same way four 
fifths of all the European Primulaceae are high-mountain plants. In addition to zonal vegetation 
species, a large number of specialists sometimes have specifically adapted growth forms (rock 
fissure plants: chasmophytes). The species differentiation arising from the geographical isolation 
of the mountain ranges (altitudinal belts, forest cover) was also increased by the ice-ages. It was 
even possible for endemic species to develop within a single mountain range in certain areas. The 
north-east, south-east and the maritime Alps remained unglaciated during the last ice-age and are 
particularly rich in endemics. Larger similarities are found again and again due to floristic rela-
tionships between mountain ranges. Hence there are floral relationships between the Alps and the 
Arctic region (alpine-arctic elements) as well as with the Himalayas and the Altai (alpine-altaic 
and alpine-arctic-altaic elements). With respect to these relationships, the Alps occupy a central 
position, while in remoter mountain ranges (Caucasus, Pyrenees, Sierra Nevada) other endemic 
species occur.  
 
Position in the phytosociological system (syntaxa)  

Phytosociologically, the formation group is exceptionally complex. In addition to the zonal vege-
tation units of the alpine heaths, azonal units (chionophobes, chionophiles, scree and rock vegeta-
tion and mires) also occur, so that a number of classes need to be considered together here. Even 
more complicated is the fact that a huge number of vegetation units in these habitats are defined 
by a high proportion of endemic species. Added to this is the large extent of the formation and the 
long distances, from the Scandinavian mountains in the north to the Sierra Nevada in the south-
west and the Rhodopes and Caucasus in the south-east. This fact, together with the differing opin-
ions of the individual authors, has led to a heterogeneous terminology. The chionophilous com-
munities of the class Salicetea herbaceae Br.-Bl 1948 are highly comparable, and these can be 
subdivided into the orders Arabidetalia caeruleae Rübel ex Br.-Bl. 1949 (calcareous snow soils) 
and Salicetalia herbaceae Br.-Bl. in Br.-Bl. et Jenny 1926 (siliceous snow soils). In Central and 
southern Europe only the Arabidion caeruleae Br.-Bl. in Br.-Bl. et Jenny 1926 and the Salicion 
herbaceae Br.-Bl. in Br.-Bl. et Jenny 1926 occur, while in Scandinavia a Cassiopo-Salicion her-
baceae Nordhagen 1936 and a Saxifrago-Ranunculion nivalis (Nordhagen 1943) Dierssen 1984 
also appear. The scree communities of the class Thlaspietea rotundifolii Br.-Bl. 1948 and the rock 
fissure communities of the class Asplenietea trichomanis (Br.-Bl. in Meier et Br.-Bl. 1934) Ober-
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dorfer 1977 in Europe can be sensibly split into orders. An increasing number of alliances have 
been listed.  

According to classical vegetation classification, alpine grasslands in the Alps are represented on 
the one hand by the calcareous grasslands of the class Seslerietea albicantis Oberdorfer 1978 corr. 
Oberdorfer 1990 and on the other by the acidophilous grasslands of the class Juncetea trifidi Ha-
dač in Klika et Hadač 1944 (= Caricetea curvulae Br.-Bl. 1948). The number of associations and 
alliances of these grasslands reaches its peak in south-east Europe (particularly the Balkans), 
where a great diversity already arises from the large number of Sesleria species. Here calcareous 
grasslands are assigned to the class Elyno-Seslerietea Br.-Bl. 1948, and the acidophilous grass-
lands to the class Juncetea trifidi. In the Apennines (Abruzzia) the Sesleria grasslands typical for 
the region belong to the order Seslerietalia tenuifoliae Horvat 1930.  

In the Scandinavian mountains and the Alps, the class Carici rupestris-Kobresietea bellardii 
Ohba 1974 is also represented, particularly on carbonate-silicate mixed rocks. Kobresia spp. and 
Carex tristis grasslands in the Caucasus can be assigned to this class, but those with Festuca 
woronowii on the other hand belong to the Juncetea trifidi (see Table 4). Within these grasslands 
there is a west-east differentiation. In the western Caucasus species of the subalpine summer-
green grasslands penetrate into the alpine grasslands, whereas in the eastern Caucasus steppe ele-
ments occur.  
 
Macroclimatic factors  

The various mountain ranges are located in different climatic zones. Subdivision into zonobiomes 
(ZB) can be performed here according to WALTER & BRECKLE (1999) (see Map 2):  
 
Table 5: Participating zonobiomes and their corresponding mountain ranges. 

Zonobiome 
number 

Name of the zonobiome (ZB) Range of the zonobiome (ZB) 

IV 
Arid-humid (Mediterranean) ZB with winter 
rain and summer aridity 

Central and southern Spanish mountains, Pyrenees, Cor-
sica, Central and southern Apennines, southern Dinarides, 
southern Balkans 

V Warm temperate (oceanic), humid ZB Cantabrian mountain range (partly), western Caucasus 

VI Nemoral ZB, typically moderate with a brief 
frost period 

Alps, Carpathian Mountains, northern Balkans, northern 
parts of the Dinarides 

VII Continental ZB, arid-moderate with cold 
winters and drier-warm summers 

Eastern Balkans (partly), eastern Caucasus 

VIII Boreal ZB, cold-moderate with cool summers 
and cold winters 

Scottish mountains (partly), Scandinavian mountains 

IX Arctic ZB Northernmost part of the Scandinavian mountains 

 

The highest parts of all these mountain ranges extend above the tree line and feature an alpine 
altitudinal belt.  

Within the nemoral region there is a gradient from an oceanic climate in the west to subcontinen-
tal in the east. Most mountain ranges also show continentality gradients over small distances, that 
on the one hand are based on exposure to wind (e.g. the Cantabrian mountains range with calm 
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locations on the northern side, the Pyrenees), and on the other hand on the shielding of the central 
intramontane landscapes by the surrounding mountains (for example the inner dry valleys of the 
Alps, or interior areas of the Scandinavian mountains such as parts of the Gudbrandsdalen or the 
Rondane mountains). Similar conditions are found in the interior of the Caucasus, where the ex-
treme differentiation between the western and eastern side (Colchic and Caspian regions) is in-
creased. The alpine vegetation of the mountains in zonobiome IV is often closely related to forma-
tion N (oroxerophytic vegetation). This applies particularly to the Sierra Nevada and the central 
Greek mountains (B49, B54, B55).  
 
Site conditions  

A brief growth period and a long lasting snow cover are characteristic for the alpine belt of boreal 
and temperate mountains. An increase in altitude of around 100 m leads to a reduction of the 
growth period by 6-7 days. SCHRÖTER (1926) calculated a theoretical vegetation period for the 
Swiss alps of approximately 5 months at 2000 m and 2 months at 3000 m on a south exposed 
slope; north facing slopes have a shorter vegetation period of around 6-8 weeks. Since in most 
mountains, depending on altitude, the snow begins to melt at the end of May or the beginning of 
June, and the first frost and snow cover can be expected by the end of August or the beginning of 
September (even during the day), the phytomass production is then greatly reduced. Most of the 
plants withdraw their biomass from above-ground organs in September. A maximum of 4 months 
therefore remains as a productive vegetation period. The strong radiation results in a very rapid 
soil temperature increase in the summer during the day, which produces a favourable microcli-
mate, but which can lead to overheating and desiccation on south-facing slopes and more southern 
latitudes. In the night, however, strong terrestrial radiation can lead to morning frosts even during 
summer. The increased proportion of ultraviolet radition with altitude also has an impact on the 
site conditions.  

The snow cover varies greatly both with respect to thickness and duration. In theory the duration 
of the snow cover increases with altitude, but this effect is highly modified by the landscape. In 
addition to the differences between warm southern slopes and cooler northern slopes, this effect is 
seen in the form of windswept projections and ridges (arêtes) or wind-protected basins and gul-
leys: The locations that are heavily exposed to wind are frequently snow-free even during winter, 
while wind protected locations are heavily covered by snow in the winter and correspondingly 
moister in the summer. This leads to the formation of wind-exposed ‘windy edges’ with winter 
snow cover lasting only one month (frost aridity!) and protected, long-lasting snowbeds that are 
often snow-free for less than 8 weeks. In addition, the degree of shelter (including snow cornices 
and avalanches) also influence the vegetation pattern. Precipitation in the mountains is rarely a 
limiting factor, only in areas with winter rain is there summer water stress.  
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Figure 6: Climate diagrams of mountain stations within the domains of alpine vegetation (based on WALTER & 

LIETH 1967): Norway (Sikkisdalsseter, B40), Switzerland (St. Bernhard, B43, Säntis, B44), Poland 
(Schneekoppe, B45), Bulgaria (Sitniakowo, B54).  

In addition to topography, wind effects are also of decisive importance and often need to be taken 
into account in combination with other factors (e.g. ‘windy edges’). An increase in wind velocity 
is generally associated with increasing altitude, reaching particularly extreme levels around arêtes. 
This leads to winter snow movements and even soil erosion. In addition, locally occurring glacier 
winds lead to unfavourable growth conditions and a differentiation of the vegetation in glaciated 
areas. During winter, apart from the increased appearance of frost aridity, wind loaded with snow 
can lead to corrosion. In the upper alpine and the nival belt,freeze-thaw greatly influences the 
habitats, so solifluction is common and the development of a closed plant cover is prevented.  

The differences in bedrock leads to a differentiation into an acidophilous series of vegetation 
types on silicate and a calciphilous series on carbonate or dolomite bedrock. Despite a certain 
degree of floristic specialism, forms on mixed rocks (e.g. calciphyllite) are assigned to calciphi-
lous or basiphilous vegetation because of their more favourable nutrient regime.  

Due to unfavourable climatic conditions, the soil formation is usually slow so that shallow soils 
predominate. The main soil types on acid, silicate rock are alpine rankers and on basic rocks 
(limestone, dolomite) are alpine rendzinas that tend towards protorendzinas. On strongly dolo-
mitised bedrock there is frequent decalcification of the uppermost soil layers so that a surface 
acidification results. Alpine pseudogleys are the predominant soil types in the snowbeds.  
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Role in structuring the landscape; substitute communities  

In the alpine altitudinal belt of the temperate and boreal mountain ranges, ericaceous heath, 
‘grassland’ and snowbeds predominate as the zonal vegetation types. The geomorphology deter-
mines the pattern of zonal vegetation types in the complex. Apart from variations in the snow 
cover, rocks and scree also greatly influence the differentiation. In combination with the azonal 
vegetation of fens and spring mires, all this leads to a complex vegetation pattern.  

The vegetation of the alpine belt has been exploited by man (in the Alps since the Neolithic pe-
riod). Due to traditional summer grazing by cattle, sheep and goats, the vegetation has changed 
and substitute communities have developed particularly in the Central and southern European 
mountain ranges: Nardus-rich short-grass meadows, Crepis-rich fodder pastures as well as 
overmanured vegetation (‘Lägerfluren’) with Rumex species now predominate in the landscape. 
Enlargement of grazing areas was already started in the Neolithic, particularly as a result of forest 
grazing and clearing of the uppermost forest areas. After this the dwarf shrub belt expanded and 
extended to lower altitudes and the forest line was artificially lowered. With respect to floristics 
and structure, this vegetation of dominating dwarf shrubs belongs to the subalpine belt (formation 
C). In recent decades, the alpine belt has changed greatly due to winter tourism, particularly in the 
Alps. Buildings have been constructed in the heart of the alpine zone and numerous ski lifts and 
runs have been established. Not only have winter sports centres destroyed the natural vegetation, 
but ski runs have been cleared and resown, which has led to the development of substitute com-
munities with a strongly differing flora.  
 
Classification into subunits  

The Alpine vegetation shows a great diversity due to its widely separated and discontinuous dis-
tribution and its occurrence in different climates. In addition, each mapping unit consists of a col-
ourful mosaic of the most varied of plant communities. A standard classification can therefore 
only be made on the basis of geographical distribution, species assemblage and rock substratum.  

The following geographical-typological groups are distinguished in the European map:  

– Scottish and Scandinavian, oceanically to sub-continentally influenced grassland and dwarf 
shrub vegetation predominantly on silicate rock; 

– Alpine, Carpathian and Pyrenean vegetation on carbonate and silcate rock; 

– Iberian, Apennine, Illyrian-Dinaric and Balkanic vegetation on carbonate and silicate rock; 

– Caucasian vegetation on carbonate and silicate rock.  

All of these geographical-typological groups are not only characterised by different plant commu-
nities, but also by a large number of endemic species so a great phytogeographical diversity is 
also reflected.  

The classification of the units within one group is based either on the rock type (carbonate or sili-
cate rock) or the humidity/continentality.  
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Scottish and Scandinavian, oceanically to continentally influenced grassland and dwarf 
shrub vegetation predominantly on silicate rock (B40-B42)  

These units are distributed in the Scottish highlands, the Scandinavian mountains and in northern 
Scandinavia up to the interior mountains of the Kola Peninsula. While the dwarf shrub vegetation 
(B40) that needs snow cover is concentrated on the oceanically influenced west Scandinavian 
mountains and the western part of the Scottish highlands, the unit B42 with north European dwarf 
shrubs is typical for the more continental and less snow-bound areas. Due to the anthropogenic 
lowering of the tree line, dwarf shrub heaths develop within the area once occupied by open for-
ests. The windswept and grass heaths (B41) are limited to wind-exposed situations and higher 
altitudes. Table 6 shows the ecological organisation and geographical distribution of the plant 
communities.  
 
Table 6: The structure, substrate and distribution of alpine communities in Scotland and Scandinavia. 

  Scotland Scandinavia 

Dwarf shrub 
communities 

Silicate  Phyllodoco-Vaccinion myrtilli Phyllodoco-Vaccinion myrtilli 

Carbonate Festuca ovina-Gesellschaften Kobresio-Dryadion (Caricion nardinae) Grassland 

Silicate  Nardus stricta-Carex bigelowii 
communities 
Carex bigelowii-Polytrichum alpinum 
communities 

Caricetalia curvulae 
Nardo-Caricion bigelowii 
 

Carbonate  Caricion nardinae, Elynion bellardii Wind heaths 

Silicate 
mineral 

Juncus trifidus-Racomitrium lanuginosum 
communities 

Loiseleurio-Arctostaphylion (Loiseleurio-
Diapension) 

Carbonate  Saxifrago-Ranunculion nivalis Snowbed 
vegetation 

Silicate  Salicetalia herbaceae Cassiopo-Salicion herbaceae 

Carbonate  Cystopteridion fragilis Rock vegetation 

Silicate   Androsacion vandellii 

Carbonate  Thlaspietalia rotundifolii, Arenarion norvegicae Scree vegetation  

Silicate   Androsacetalia alpinae, Saxifrago stellaris-
Oxyrion digynae 

 

The most important dwarf shrubs are Vaccinium species, Phyllodoce caerulea (in oceanic parts 
also Cornus suecica) and Betula nana. In wind-exposed situations, Vaccinium myrtillus recedes 
and low creeping shrubs such as Loiseleuria procumbens, Arctostaphylos alpinus and Diapensia 
lapponica take their place, while lichen species replace the mosses. Snow cover and wind expo-
sure as functions of the relief, determine the structure, and produce vegetation mosaics; as a result, 
even small differences in elevation between depressions and elevations can be decisive in deter-
mining the vegetation. Among the most important soil types are podzols where adequate snow 
cover exists, and brown earths and ranker where there is wind exposure. Basiphilous communities 
are rare and characterised by Dryas heaths. At higher altitudes of the Scandinavian mountains, 
communities with Carex rupestris and Kobresia myosuroides occur.  

The Scandinavian grassland communities also show a relief differentiation: protected hollows are 
colonised by Nardus grasslands, while on wind exposed projections Festuca ovina dominates. 
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Since the oceanic areas have more snow-cover on the western side of the Scandinavian moun-
tains, grasslands with Nardus stricta and Carex bigelowii predominate there (particularly near the 
coast) while Festuca ovina grasslands dominate in the more continental areas.  
 
Alpine, Carpathian and Pyrenean alpine vegetation on carbonate and silicate rock (B43-
B48)  

These units occur mainly in the Central European mountain ranges with their main distribution in 
the Alps (B43, B44) and the Pyrenees (B48). They are restricted in the Carpathian arch to the 
highest mountain locations such as the High Tatra (B45), the Rodna mountains (B46), the eastern 
Carpathian Mountains, and the southern Carpathian Mountains (B46, B47) with the Făgăraşului, 
Bucegi, Lotrului and Retezatului mountains. Such alpine communities occur in small areas, reach-
ing into the subalpine belt, but also occur in peak locations of lower mountain ranges (Riesenge-
birge, Babia Gora, Fatra etc. – too small to be represented in the map).  
 
Table 7: Classification and distribution of the alpine communities in the Pyrenees, the Alps, the Sudeten, and 

the Carpathian Mountains. 

  Pyrenäen Alpen Sudeten, Karpaten 

Carbonate Seslerietalia coeruleae Seslerion albicantis 
Caricion ferrugineae 

Festucetalia versicoloris 
Seslerion tatrae 
Festucion tatrae 

Grassland 

Silicate  
 

Festucion eskiae 
Festucion supinae 

Festucion variae 
Caricion curvulae 
Nardion strictae 

Nardion strictae 
Caricion curvulae 

Carbonate Oxytropido-Elynion Oxytropido-Elynion Oxytropido-Kobresietalia Wind heaths 

Silicate  Loiseleurio-Vaccinion Loiseleurio-Vaccinion Loiseleurio-Vaccinion 

Carbonate Arabidion caeruleae Arabidion caeruleae Arabidion caeruleae Snowbed 
vegetation 

Silicate  Salicion herbaceae Salicion herbaceae Salicion herbaceae 

Carbonate Potentilletalia caulescentis Potentilletalia caulescentis Potentilletalia caulescentis Rock 
vegetation 

Silicate  Androsacetalia vandellii Androsacetalia vandellii Androsacetalia vandellii 

Carbonate Thlaspietalia rotundifolii Thlaspietalia rotundifolii Thlaspietalia rotundifolii Scree  
vegetation 

Silicate  Androsacetalia alpinae Drabetalia hoppeanae 
Androsacetalia alpinae 

Androsacetalia alpinae 

 

The broad geographical range and the geographical separation of the individual mountain ranges 
in the Carpathian arch has led to a floristic differentiation and the development of endemic spe-
cies. In all mountain ranges different rocks (carbonate and silicate rock) appear that also serve as a 
differentiating factor. In the Pyrenees silicate rocks predominate (B48) while in the western Car-
pathian Mountains carbonate and silicate sites are also grouped together in one mapping unit 
(B45). Due to the large-area occurrences of both substrates they can be cartographically dissoci-
ated in the Alps (B43, B44) as well as in the eastern and southern Carpathian Mountains (B46, 
B47). The occurrence of the Caricetum curvulae on silicate and the Seslerio-Caricetum semper-
virentis on carbonate sites in the zonal vegetation is common to all three mountain ranges (see 
Table 7). However, the species assemblages vary between the individual mountain ranges. Com-
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pared to the Scandinavian mountains the summer temperature is considerably higher so that the 
productivity is also sufficient for Carex curvula. The soils of the zonal vegetation are either rank-
ers, brown earths or rendzinas.  
 
Iberian, Apennine, Illyrian-Dinaric and Balkan alpine vegetation on carbonate and silicate 
rock (B49-B55)  

These units are distributed very unevenly in southern Europe. In addition to the mountain ranges 
of central and southern Spain as well as the Apennines, the range also includes the mountains of 
the Balkan Peninsula (see Table 8). The location at the border between the moderate climate (zo-
nobiome VI) and the Mediterranean winter rain region (zonobiome IV) is common to all of them. 
In Spain and especially south-east Europe these vegetation units are rich in endemic species.  

In Spain the highest elevations of the Sierra de Gredos and the Sierra de Guadarrama are colo-
nised by siliceous grassland with Festuca indigesta, Hieracium myriadenum and Jasione crispa 
(B49) as well as rock and scree vegetation with endemic species. Grasslands with Festuca 
clementei and Erigeron frigidus appear in addition to the rock and scree vegetation in the Sierra 
Nevada (B50).  
 
Table 8: Classification and distribution of alpine communities in Spain, the Apennines, the Dinarides and in 

the Balkans. 

  Spain Apennines Dinarides Balkans (east-south) 

Carbonate Seslerietalia 
albicantis 
(= S. coeruleae) 

Seslerietalia 
tenuifoliae 
Seslerion apenninae 
 

Seslerion tenuifoliae 
Oxytropidion dinaricae 
Festucion pungentis 
Edraianthion nivei 

Onobrychido-
Seslerietalia 
Daphno-Festucetalia 

Grassland  

Silicate  Festucetalia 
indigestae 

Ranunculo-Nardion Seslerietalia comosae 
Jasionion orbiculatae 

Seslerietalia comosae 
Trifolietalia parnassii 

Carbonate Arabidion 
caeruleae 

 Arabidion caeruleae  Snowbed 
Vegetation 

Silicate  Salicion herbaceae  Salicion herbaceae  

Carbonate Potentilletalia 
caulescentis 

Potentilletalia 
caulescentis 

Potentilletalia 
caulescentis 

Potentilletalia 
caulescentis 

Rock 
vegetation 

Silicate  Androsacetalia 
vandellii 

Androsacetalia 
vandellii 

Androsacetalia 
vandellii 

Androsacetalia vandellii

Carbonate Thlaspietalia 
rotundifolii 

Thlaspietalia 
rotundifolii 

Thlaspietalia 
rotundifolii 

Thlaspietalia rotundifoliiScree 
vegetation 

Silikat Androsacetalia 
alpinae 

Androsacetalia 
alpinae 

Androsacetalia alpinae Androsacetalia alpinae 

 

In the Apennines the alpine vegetation on silicate rocks is closely related to that of the Alps (B51), 
while the carbonate vegetation of central and southern Apennines (B52) includes species such as 
Sesleria tenuifolia (= S. apennina), that are also represented in the north-west Dinaric mountains 
(B53) where they occur on numerous peaks over small areas. Somewhat different vegetation types 
are harboured by the central and south Balkan Mountains. On silicate subsoil (B54) Carex curvula 
and Juncus trifidus indicate a close relationship to the vegetation of the Alps, but form their own 
communities with species shared with the central and southern Balkans (Sesleria comosa, Festuca 
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riloensis, F. valida etc.). Their occurrence is restricted to peak areas of mountains in Bosnia-
Herzegovina, Yugoslavia (Serbia & Montenegro), Albania, Macedonia, Bulgaria and Greece. The 
vegetation on carbonate rock (B55) is characterised above all by grasslands with endemic Festuca 
and Sesleria species as well as Kobresia myosuroides. Larger occurrences are found in Yugosla-
via (Prokletije mountains), Albania, Macedonia (Šar Planina), Bulgaria (Pirin mountains) and 
Greece (Grammos, Pindos, Olympus).  
 
Caucasian alpine vegetation on carbonate and silicate rock (D. Bedosvili)  

There are four main types of alpine vegetation in the Caucasus: alpine grasslands, carpet-like al-
pine mats, oval or long-outstretched low scrub consisting of Rhododendron caucasicum, and scree 
vegetation. The alpine belt extends between (2400)2500 and 3000(3100) m above sea level.  

Alpine grasslands are widespread in the Caucasus and occur in all parts of the mountains. The 
most important stand-forming species are grasses and sedges: Festuca woronowii, Nardus stricta, 
Festuca airoides (= F. supina), F. djimilensis, Carex tristis, Kobresia capilliformis, K. persica 
and Sesleria anatolica, and also Geranium gymnocaulon.  

Alpine mats consist mainly of low-growing dicotyledons with ground-lying rosette plants: Cam-
panula biebersteiniana, Carum caucasicum, Gnaphalium supinum, Pedicularis crassirostris, P. 
armena, Sibbaldia semiglabra, Taraxacum stevenii (= T. crepidiforme), Veronica gentianoides 
and some grasses (Poa alpina, Phleum alpinum, Festuca airoides). Their sites have long-lasting 
snow cover and the vegetation period is correspondingly short.  

Rhododendron caucasicum scrub occurs in lee-sided slope hollows that are covered with deep 
snow in the winter, and which are the last sites to become free of snow.  

Scree (alluvial) fans are colonised mainly by tall forbs: e.g. Heracleum calcareum, Campanula 
schistosa, Athyrium distentifolium, Anthemis sosnowskyana.  
 
Structure and floristic composition  

Festuca woronowii grasslands extend over the widest range of altitudes for all forms of alpine 
vegetation: they are distributed from the upper zone of the subalpine belt (from 2000 m) to the 
subnival belt at 3250 m, i.e. the upper limit for a closed (continuous) vegetation cover. Optimal 
sites for the Festuca woronowii communities are steep south and east facing slopes (inclination 
>30˚) between 2500 and 2900 m, and in drier locations they also occur on northern slopes.  

These communities form an irregular microrelief whereby the grass clumps are 30-40 cm tall and sometimes reach a diameter 
of 50 cm. They often stand only 20-40 cm apart from eachother. Dead organic material remaining in the horsts determines the 
physiognomy of this Festuca grasslands.  

Clump forming grasses and sedges (Festuca ovina, Carex tristis, C. huetiana etc.) dominate in the 
upper zone of the alpine belt, while in the lower zone grasses and herbaceous plants of subalpine 
communities intermingle (Stachys macrantha, Geranium platypetalum, Calamagrostis arundina-
cea, Helictotrichon pubescens etc.).  
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Grasslands with Festuca djimilensis as the dominating species in the western Caucasus colonise 
the upper subalpine belt and the lower alpine belt up to an altitude of 2700 m (KIMERIDZE 1987). 
Grasslands with Woronowia speciosa and Carex pontica are distributed over the same altitude 
range on carbonate locations.  

Geranium gymnocaulon communities are optimally distributed between 2500 and 2900 m. They 
are associated with 25-35˚ inclined steep slopes (facing the west and east in particular) with very 
stony soils (KOLAKOVSKIJ 1935; DOLUCHANOV et al. 1946).  

Matgrass meadows (Nardus stricta) grow preferably on north exposed, up to 25˚ inclined slopes 
and mainly below 2800 m. They often occur in alternation with Rhododendron caucasicum scrub. 
Floristically they consist of the following species: Deschampsia flexuosa, Carex medwedewii, 
Luzula spp., Alchemilla spp., Carum caucasicum, Sibbaldia parviflora. The low and long-
outstretched scrub consisting of Rhododendron caucasicum forms its own coenoses and also con-
tains dwarf shrubs: Vaccinium myrtillus, V. vitis-idaea and Empetrum hermaphroditum.  

Kobresia communities occur mainly in the uppermost zone of the alpine belt. In the western Cau-
casus communities with dominant Kobresia schoenoides reach higher altitudes than those with 
dominant Kobresia capilliformis. Their upper distribution limit lies at 3200 m. Carex tristis grass-
lands have about the same distribution limit.  
 
Table 9: The alpine plant communities in the Caucasus in relation to altitude and aspect.  

 
Northern exposure Southern exposure 

 

3000 m 

Upper alpine 

Alpine Mats 

chionophilous mats with Sibbaldia semiglabra, 
Campanula biebersteiniana u. a. 

Alpine Grassland 

Grassland with Festuca woronowii 
Grassland with Carex tristis 
Grassland with Kobresia spp. 

3200 m 
 

2700 m 
 
 
middle to 
low alpine 

 

2400 m 

Nardus grassland 
 
Rhododendron causasicum scrub, 
Vaccinium communities 
Nardus grassland 
 
Scrub 

Grassland with Festuca woronowii 
Grassland with Festuca djimilensis * 
Grassland with Festuca valesiaca ** 
 

Grassland with Geum speciosum,  
Carex pontica 
 
 

2900 m 
 
 
 
 
 
 
2600 m 

 
Bold: Grassland on carbonate * Exclusively in the western Great Caucasus (B56) 
  ** Exclusively in the southern Lesser Caucasus (B59) 

 

Alpine mats are optimally distributed in snow-rich locations. These moisture-demanding commu-
nities prefer hollows such as saddles of mountain ridges and glaciated depressions. In the Lesser 
Caucasus, where glaciation never left any mark, they develop in landscape depressions.  

Alpine mats occur especially in the upper alpine zone and are optimally developed between 2800-
3100 m. Unlike the alpine grasslands, the mats consist of perennial dicotyledons among which 
semi-rosette and rosette plants predominate. Alpine mats typically occur on well developed soils 
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that are almost completely (up to 70-80 %) covered with vegetation. The remaining soil surface is 
overgrown by mosses.  

Meadow steppes characteristic for the alpine belt of the southern Caucasus reach up only as far as 
the lower alpine zone.  

Rhododendron caucasicum-scrub is widespread in the Great Caucasus as well as in parts of the 
north and north-west of the Lesser Caucasus. They cover the steep north-facing slopes where the 
high winter snow coverage also protects isolated shrubs against frost damage.  

Rhododendron caucasicum- and Vaccinium communities are characteristic both for the alpine and 
subalpine belts. In the southern part of their range (in northern Armenia) they occur mainly on 
deforested areas of the subalpine belt and in the lower alpine zone up to 2720 m (MAGAK'JAN 
1953).  
 
Soils  

The soils of the alpine belt are dark brown to black and characterised by a high proportion of hu-
mus (about 10-12 %); they are moderately thick or thin (on average 20-40 cm), slightly acidic 
(pH 6-6.5), well supplied with nitrogen, moderately supplied with potassium and contain only 
small amounts of phosphorus. As a rule they are skeletal and overgrown by dense sods of grass. 
Rather acid soils (pH 5-5.5) develop with a raw humus layer under Rhododendron caucasicum 
scrub.  
 
Position in the phytosociological system (syntaxa)  

The synsystematic assignment of the alpine vegetation of the Caucasus is difficult since it has not 
yet been adequately investigated regarding its phytogeography. The floristic composition would 
seem to suggest that communities of wind-influenced sites (Kobresia spp. and Carex tristis as 
dominant species) belong to the class of the Carici rupestris-Kobresietea bellardii Ohba 1974. 
This is supported by the occurrence of a wide range of holarctic species.  

The Festuca woronowii communities are quite remarkable for their great diversity. The alpine 
form shows similarities to alpine Festuca varia communities; for this reason they could be as-
signed to the class Juncetea trifidi Hadač in Klika et Hadač 1944. Such communities are also en-
riched by steppe elements under the arid conditions of the Lesser Caucasus.  

The most unambiguous relationship is that between the Caucasian mats and the class of the Sali-
cetea herbaceae Br.-Bl. 1948. The communities with Geranium gymnocaulon in the western Cau-
casus and those with Bellardiochloa polychroa in the northern Lesser Caucasus (whose incidence 
is associated with the presence of a considerable snow coverage) can also apparently be assigned 
to this class, as can the alpine chionophilous communities with Nardus stricta which are rich in 
alpine mat elements. The Caucasian scrub and dwarf shrub communities rich in arctic-alpine spe-
cies undoubtedly belong to the class of the Loiseleurio-Vaccinietea Eggler ex Schubert 1960.  
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Another picture is presented by the debris-scree vegetation, the floristic composition of which is 
unique, so that no shared diagnostically important species from the class Thlaspietea rotundifolii 
Br.-Bl. 1948 can be found.  
 
Classification into mapping units  

The highest annual precipitation (2000-2500 mm) falls in the western Great Caucasus. Low herb-
rich grasslands with dominating Geranium gymnocaulon are typical for this part of the Caucasus 
(B56). Festuca djimilensis communities, that are replaced by xerophilic Festuca woronowii grass-
lands in other parts of the Caucasus, appear as a further type of mesophilous grassland here.  

In the western Caucasus carbonate-containing soils also play an important role. Endemic commu-
nities with Geum speciosum and Carex pontica occur on these. While in the subalpine belt Col-
chic relicts appear, species of Caucasia and Asia Minor predominate in the alpine belt (e.g. Tri-
folium polyphyllum, Ranunculus brachylobus, R. helenae, Paracolpodium colchicum).  

Kobresia communities are widespread in the alpine belt of the eastern Great Caucasus (B57) (Ko-
bresia capilliformis, sometimes K. schoenoides, K. persica), which then lead into the Central Asi-
atic Kobresia vegetation (GROSSGEJM 1948). In addition, Carex tristis grasslands occur fre-
quently, in parts (especially in the northern part of the Lesser Caucasus) this species almost com-
pletely replace the Kobresia genus and form a monodominant phytocoenosis.  

Kobresia and Carex tristis grasslands are also widespread in the Lesser Caucasus (B58). Typical 
habitats include flat mountain ridges, plateaus and rounded mountain-tops with moister soils that 
are susceptible to desiccating winds in the summer and frosts in the winter. Mats with Carum 
caucasicum, Campanula tridentata and Gentiana pontica alternating with Rhododendron cau-
casicum scrub also play an important role.  

The markedly continental climatic influence of the uplands of Iran and Asia Minor becomes no-
ticeable in the south-east Lesser Caucasus (B59). Here the average annual precipitation amounts 
to less than 1000 mm. In this region, mats with Nardus stricta and Rhododendron caucasicum 
scrub, that are widespread in other parts of the Caucasus, are absent. Instead, meadow steppes 
with Festuca valesiaca, Sesleria phleoides, Thymus kotschyanus etc. predominate on the south-
exposed slopes up to the highest altitudes.  
 
Literature  

CONSERVATION OF ARCTIC FLORA AND FAUNA (CAFF) 1994, 1996; DOLUCHANOV, SACHOKIA & 

CHARADZE 1946; ELVEBAKK 1994; ELVEBAKK & PRESTRUD (Ed.) 1996; FREMSTAD 1997; GOR-

ČAKOVSKIJ 1975; HADAČ 1989; HOFMANN 1968; IGNATENKO 1979; KATENIN 1972; KOLAKOVSKIJ 

1935; LID 1964; MAGAK’JAN 1953; MÖLLER 2000; MUCINA 1997; NACHUCRIŠVILI 1999; OZENDA 

1988; PHILIPPI 1973; REBRISTAJA 1977; SCHRÖTER 1926; WAGNER 1970; WALTER & BRECKLE 
1999; WALTER & LIETH 1967; YURTSEV 1994.  



Map of the Natural Vegetation of Europe Formation C 
 

 143  

C Subarctic, boreal and nemoral-montane open woodlands as well as subal-
pine and oro-Mediterranean vegetation 

Paul Heiselmayer, Heinrich Wagner, with contributions by Sara A. Gribova (C.1), Odd Vevle 
(C.2) and Nugzar Zazanasvili (C.3/Caucasus) 

Characterisation and typological delimitation; geographical distribution 

This formation represents the most extreme outpost of upright and more or less closed forest 
vegetation both in the extreme north and in the boreal, nemoral and Mediterranean mountains. 
While in the subarctic-northern boreal region birches, particularly Betula pubescens subsp. czere-
panovii and sometimes Picea obovata dominate, Pinus cembra and Larix decidua as well as the 
two subspecies of Pinus mugo agg. (P. uncinata and P. mugo) become important in open wood-
lands of the Central and southern European mountains (Pyrenees, Alps, Carpathian Mountains). In 
the Alps, shrub communities with Rhododendron spp., Salix spp. and Alnus alnobetula are added. 
In the southern European mountains from Spain to the Balkans the following species form the 
stands, depending on the region; Pinus uncinata (Pyrenees, SW Alps), P. mugo (eastern Alps, 
Apennines, Balkans), P. sylvestris (central Spain), P. peuce (Balkans) or Juniperus communis 
subsp. alpina. The Caucasus has its own tree and shrub species in the subalpine belt, particularly 
Betula litwinowii, Acer trautvetteri, Rhododendron caucasicum and Quercus macranthera. 

A smooth transition to southern arctic and shrub tundras as well as to the mountain tundras (sub-
formation B.1) exists in the north, while in the Alps and the other mountains ranges of the 
nemoral zone the subalpine belt is occupied by shrub and dwarf shrub-vegetation and the adja-
cent, higher alpine belt has alpine vegetation without trees and shrubs (subformation B.2). At the 
border between the open woodlands (formation C) and the arctic tundras (formation B) the occur-
rence of an open and low-growing tree layer is characteristic. Differentiation from the northern 
boreal coniferous (mixed) forests (Formation D) is problematic because of these transitions. 

The main occurrences of formation C are north of the northern limit of the boreal region (also 
termed the subarctic sub-zone), in the Scandinavian mountains, in Iceland and in the subalpine 
belt of the southern high-mountain ranges (Pyrenees, Alps, Carpathian Mountains, Balkan Moun-
tains, Caucasus) (see Map 6). The range extending from the Scandinavian mountains via the Kola 
Peninsula to the Polar Urals is particularly expansive and almost continuous. The occurrences are 
rather small-sized and isolated in the other European uplands and high mountain ranges outside of 
the Pyrenees, Alps and Caucasus. 
 
Stand structure and physiognomy 

Open woodlands show a three to four-layered standstructure. In addition to the usually sparse tree 
layer, a shrub layer is also often present, the herb layer is frequently dwarf-shrub-rich and may 
also be multi-layered, and the ground (moss) layer consists of mosses and lichens. In addition to 
summer-green tree and shrub species, stands are formed especially by conifers as well as many 
evergreen shrubs and dwarf shrubs (especially Ericaceae), the proportions of which increase to-
wards the south. Alongside dwarf shrubs, scapigerous herbs (‘Schaftpflanzen’) also occur in the 
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herb layer, particularly where moisture is sufficient. Open woodland, as its name suggests, has for 
the most part an incomplete canopy so adequate amounts of light reach the shrubs and dwarf-
shrubs in the undergrowth, which are thus mostly heliophilous. However, dense and shady forests 
can also occur in the formation, this as is the case with closed arolla (cembra) pine forests in the 
Alps. 
 
Floristic composition 

Floristically, this formation showsa number of common characteristics. Boreal floral elements are 
widespread within Europe and can occur in almost all parts of the formation’s range (e.g. Vaccin-
ium myrtillus, V. uliginosum, Arctostaphylos uva-ursi, Empetrum nigrum, Trientalis europaea 
etc.). While the formation in the northern mountains is quite uniformly developed, the floristic 
differentiation increases towards the south, and in addition to endemic species other floral ele-
ments occur (e.g. oro-Mediterranean or Colchic). 
 
Position in the phytosociological system (syntaxa) 

The sociological position of the vegetation units within the formation varies considerably, but all 
units have plant communities belonging to the class Vaccinio-Piceetea Br.-Bl. 1939. However, 
communities from several other classes can be recognised in the natural accompanying vegetation 
within the group of the subalpine and oro-Mediterranean vegetation (subdivision C.2 of the for-
mation): Betulo-Adenostyletea Br.-Bl. et Tx. 1943, Loiseleurio-Vaccinietea Eggler ex Schubert 
1960, Junipero sabinae-Pinetea Rivas-Martínez 1964, Erico-Pinetea Horvat 1959 and (depending 
on phytosociological opinion) also the Seslerietea albicantis Oberdorfer 1978 corr. Oberdorfer 
1990. 
 
Macroclimatic factors 

Some of this formation belongs to the boreal climatic region and occupies the northernmost and/or 
highest ranges near to the tree line. The mean annualtemperature lies between -1 and 2 °C, the 
mean annual precipitation between 400 mm and 2000 mm, and the vegetation growth period is 
relatively short. In the southern temperate zone similar climatic conditions are found in the subal-
pine belt of the mountains. In the Mediterranean mountains the mean annual temperature in-
creases (Spain to 9 °C, Apennines to 5 °C); here, significant climatic features include the small 
reduction of precipitation through the summer and the cold winter temperatures. The continental-
ity that increases from west to east is an important climatic differentiating factor within the forma-
tion. In addition to the hygric continentality (reflected as ‘dry valleys’ within the mountains where 
summer rain maxima prevail), the thermal continentality with its large temperature fluctuations 
also affects the composition of the vegetation. The mean January minimum in oceanic areas (Ice-
land, western Norway) lies at -5 °C to 2 °C, while in continental areas (the Norwegian, Finnish 
and Russian parts of Lappland) it is usually less than -10 °C. The dominant tree species must 
therefore show a significant frost resistance, particularly in the more continental areas. 
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Site conditions 

The edaphic properties of the entire formation vary considerably. Podzols are the commonest 
soils, particularly under coniferous forests. The ground relief causes a strong differentiation be-
tween rock outcrops and moist, often paludified depressions. 
 
Role in structuring the landscape 

Open woodlands form the climatically determined tree line in all regions, i.e. where vegetation 
borders on tundra or alpine vegetationof formation B. In the subarctic lowlands they form the 
zonal vegetation, while in the mountains they form the altitudinal belt which serves as a transi-
tional region between the coniferous forests (formation D) and the open alpine heaths, meadows 
and grasslands. 
 
State of preservation, land use, substitute communities; nature conservation 

Open woodlands are mostly well preserved in the boreal region. In the southern mountain ranges 
they have been greatly reduced as a result of exploitation for alpine pasturing. Here various dwarf 
shrub communities, grasslands, tall-herbs and dung fertilised vegetation (‘Lägerflur’) appear as 
substitute communities. 
 
Classification into subunits 

Formation C is divided into three subformations: 

C.1 Eastern boreal open woodlands (Betula pubescens subsp. czerepanovii, Picea obovata, 
Pinus sylvestris) 

Distributed from the Kola Peninsula to the Urals. To the east, towards the Urals, the proportion of 
Picea obovata, Larix sibirica and Abies sibirica increases. Usually Betula nana and Ledum palus-
tre in addition to Vaccinium species are present in the undergrowth. 

C.2 Western boreal and nemoral-montane birch forests (Betula pubescens s.l.), partly with pine 
forests (Pinus sylvestris) 

These are almost pure birch forests with their main range in oceanically influenced areas. In 
Scandinavia the pine also contributes. In the more continental regions the forests are lichen-rich, 
while in the oceanic west they are fern- and tall-herb-rich. In southern Scandinavia nemoral sum-
mer-green tree species also occur in complex with the birch and birch-pine forests. 

C.3 Subalpine and oro-Mediterranean vegetation (forests, krummholz scrub and dwarf shrub 
communities in combination with grasslands and tall-herb communities) 

These forests and scrub are distributed in the high-mountain regions of Central, southern and 
south-east Europe (in particular the Pyrenees, Alps and Caucasus) and form there the uppermost 
forest/woodland belt. The most important coniferous trees and shrubs are Larix decidua, Pinus 
cembra, P. mugo, P. uncinata, P. sylvestris and Juniperus communis, while summer-green broad-
leaved trees (Betula spp., Salix spp., Sorbus spp., Acer spp., Rhododendron spp.) and dwarf 
shrubs also play an important role. 
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C.1 Eastern boreal open woodlands (Betula pubescens subsp. czerepanovii, Picea obovata, 
Pinus sylvestris) (C1-C6) 

Paul Heiselmayer, Heinrich Wagner according to documents supplied by Sara A. Gribova 

Characterisation and typological delimitation 

Eastern boreal open and krummholz forests are summarised in this group, and they form the 
northernmost fringes of forest vegetation in the lowland and the uppermost forest belts in the 
mountains of the boreal region (GRIBOVA et al. 1980). As their structure and physiognomy indi-
cate they are unique open woodlands, which in the east European part of their range consist 
mostly of the two tree species Betula pubescens subsp. czerepanovii and Picea obovata. Picea 
obovata, an east European Siberian boreal tree species, forms the coniferous forests of the north-
east Russian lowlands and the montane belt of the Urals. Betula pubescens subsp. czerepanovii, 
an atlantic-subatlantic-subarctic tree species, forms the open and krummholz forests in the more 
oceanically influenced parts of northern Europe (Iceland, Scandinavia, Kola Peninsula, the area 
west of the Pechora). In the eastern boreal region Larix sibirica-open woodlands penetrate from 
Siberia as small-sized isolated stands on sandy soils within the unit up to the left bank of the 
Pechora (illustrated using symbols in the map). 
 
Geographical distribution 

The range of the eastern boreal open woodlands extends from the Kola Peninsula and northern 
Karelia along the northern polar circle to the Polar Urals. The continuous range is interrupted only 
by the boggy lowlands in the southern part of the Kanin Peninsula. In mountainous countries, 
open woodlands form the highest forest belt, as they do on the Timan ridge and in the northern 
and Polar Urals. The altitudinal range of the eastern boreal open woodlands extends from sea level 
to 500 m, and even higher (up to 900 m) in the Northern Urals. 
 
Stand structure and physiognomy 

A very open stand (10-30% canopy closure) with a sparse cover of stems and a low tree growth 
(4-6 m, a maximum of 12 m) is characteristic for these open woodlands. Apart from summer-
green birches, conifers also contribute to the stands, usually spruce (Picea obovata), or in the 
Urals and Ural foreland also Siberian larch (Larix sibirica) and Siberian fir (Abies sibirica). Open 
woodlands are 3-4-layered with a tree-, a shrub-, a dwarf-shrub- or a dwarf-shrub-rich herb-layer, 
and a moss-layer dominated by mosses and lichens. 
 
Floristic composition 

Boreal and subarctic species are represented to almost the same extent. Among the boreal species 
dwarf-shrubs (Vaccinium-species, Ledum palustre etc.), sedges and grasses (Carex globularis, 
Deschampsia flexuosa) as well as mosses (Pleurozium schreberi, Polytrichum commune) play the 
leading roles alongside the spruce. The most predominant subarctic species include Betula pubes-
cens subsp. czerepanovii, B. nana, Empetrum hermaphroditum and Rubus chamaemorus. Within 
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the spectrum of geographic floral elements there are high proportions of circumpolar (Vaccinium 
spp., Arctostaphylos spp., Rubus chamaemorus) and Eurasian species (Equisetum sylvaticum, 
Picea obovata, Betula nana, Ledum palustre, Trientalis europaea, Carex globularis). Siberian 
elements (Larix sibirica, Abies sibirica, Calamagrostis holmii among others) penetrate from the 
east. 
 
Position in the phytosociological system (syntaxa) 

The eastern boreal open woodlands are classified as associations that to some extent can be as-
signed to alliances shared with Central Europe. All belong to the class Vaccinio-Piceetea and to 
the orders Cladonio-Vaccinietalia and Vaccinio-Piceetalia. The following communities can be 
assigned to the association Empetro-Betuletum pubescentis (Phyllodoco-Vaccinion alliance): 
Betula pubescens subsp. czerepanovii-Empetrum hermaphroditum-Cladina sp.-Cladonia sp.-
comm., Betuletum empetroso-myrtillosum, Betuletum hylocomioso-cladinosum, Betuletum 
cladinosum, Betuletum herbosum (C1, C2, C3). The stands with Picea obovata should probably 
be placed within their own alliance (within the Vaccinio-Piceetalia?). The communities with 
Picea obovata, Betula nana, Ledum palustre, Carex globularis and Vaccinium species (C4, C5) as 
well as those with Picea obovata, Abies sibirica, Vaccinium myrtillus and west Siberian species 
(C6) also belong here. 
 
Syntaxonomic overview of the eastern boreal open woodlands (C.1) (with assignment of the mapping 
units) 
Vaccinio-Piceetea Br.-Bl. 1939 

Cladonio-Vaccinietalia Kielland-Lund 1967 
Phyllodoco-Vaccinion Nordhagen 1936 

Empetro-Betuletum pubescentis Nordhagen 1943 – (C1, C2, C3) 
 Vaccinio-Piceetalia Br.-Bl. 1939 

Piceion obovatae all. prov. 
Picea obovata-Betula nana-Ledum palustre communits – (C4) 
Picea obovata-Betula nana-Carex globularis communits – (C5) 
Picea obovata-Abies sibirica-Vaccinium myrtillis communits – (C6) 

 
Macroclimatic factors 

Subarctic open woodlands are associated with moderately cold and sufficiently moist climates 
influenced by alternations between Atlantic depressions and Arctic anticyclones. In the winter, 
relatively warm and moist air masses often influence the climate, whereas cool and dry Arctic air 
masses prevail during the summer. The mean annual precipitation varies between 700 mm on the 
Kola Peninsula and 500-550 mm east of the Pechora. The mean annual temperature is between -1 
and -2 °C on the Kola Peninsula, -2 to -4 °C in the northern Russian lowland, the January mean in 
these regions lies between -10 and -12 °C and -14 to -17 °C, and the July mean lies between 
9-12 °C and 11-12.5 °C (see Figure 7). Permafrost is either lacking (Kola Peninsula) or occurs 
only in small ‘islands’ (open woodlands are associated with areas without permafrost or with a 
seasonal thawing depth of a few metres). 



Formation C Map of the Natural Vegetation of Europe 
 

148  

 
Figure 7: Climate diagrams (based on WALTER & LIETH 1967) of Kola (Kola Peninsula – D44/C1), Oksino 

(lower course of the Pechora – C4/C5/B25) and Ust-Sylma (Pechora depression –D3/C5). 

Site conditions 

Geomorphologicall, the area of the eastern boreal open woodlands is heterogeneous. On the Kola 
Peninsula the plateau-like ‘peneplains’ of the Northern Sheet (150-300 m) predominate with 
stony, shallow soils; in the north of the Russian lowlands hilly or raised (former) glacial sea plains 
with sandy-loamy or loamy-sandy quaternary sediments predominate over the silicate bedrock. 
Here, iron-humus-podzols, podzolic gley soils and occasionally peaty soils develop (IGNATENKO 

1979). Cryogenic soil processes form a pronounced microrelief. The soils are strongly (pH 4.3) to 
moderately acid, and locally also neutral. Their humus content can be as high as 95 %. 
 
Role in structuring the landscape 

The eastern boreal open woodlands belong to the forest tundra zone and adjoin on to the northern 
boreal birch-spruce forests. In the southern part of their range they colonise slopes, ridges and 
plateaus; in the range of the arctic shrub tundras (subgroup B.1.4 of formation B) the open wood-
lands form isolated stands usually in favourable situations (alluvial terraces, southern slopes) on 
sandy soils. Due to the undulating relief of the landscape they are frequently mixed with subarctic 
palsa mires that occupy wet depressions, while the open woodlands colonise the drier marginal 
zones. The northernmost occurrences of open spruce woodlands in Europe lie in the More Yu 
Massif (67˚ 50’ N). Towards the south the eastern boreal open woodlands remain restricted to 
more extreme sites and/or higher altitudes where they form a transition between the coniferous 
mixed forests (formation D) and the mountain tundras (formation B). 
 
State of preservation, land use, substitute communities; nature conservation 

Wide expanses of the eastern boreal open woodlands have been transformed into meadows and 
scrub communities by deforestation and intensive reindeer grazing. In addition, the deposition of 
air pollutants has had a particularly negative influence on the stands present at forest border sites. 
Protected areas have been set up on the Kola Peninsula and in the Urals with representative stands 
of the eastern boreal open woodlands. 
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Classification into subunits 

The north-east European open woodlands can be subdivided into 3 subunits: 

– The birch forests of the Kola Peninsula (C1, C2) are characterised by the occurrence of dwarf 
shrubs (Empetrum hermaphroditum, Vaccinium spp., Calluna vulgaris, Cornus suecica) and 
grow on sandy soils. The stands of mapping unit C2 colonise more the central, higher lying ar-
eas. Here, Picea obovata occurs regularly, while Carex globularis is characteristic. In the unit 
C1 Picea obovata occurs only in some places and Loiseleuria procumbens is an admixture in 
the herb layer. 

– In the eastern wing of the open woodlands (C3, C4, C5) Picea obovata is regularly present 
alongside the birch in changing proportions; it dominates in C4 and C5. C5 forms a forest tun-
dra complex with palsa mires. Also, forest sites are considerably moister here than they are in 
the other units. 

– In the open woodlands situated near and within the Urals (C6), west Siberian floral geoele-
ments (Abies sibirica, Larix sibirica) contribute more and more to the tree layer, and tall-herb 
communities also belong to the vegetation complex. 
 
C.2 Western boreal and nemoral-montane birch forests, sometimes with pine forests 

(Betula pubescens s.l., Pinus sylvestris) (C7-C16) 

Paul Heiselmayer according to documents provided by Odd Vevle, with contributions by Udo 
Bohn 

Characterisation and typological delimitation 

This group contains forests dominated by birches (Betula pubescens s.l.) that occur in the oceani-
cally influenced mountains of north-west and west Europe south of the arctic tundra zone and 
below the tree-free alpine altitudinal belt (formation B). They consist of birch shrub forests, birch 
forests and complexes of dominant birch forests with scattered pine forests. Generally, low-alpine 
dwarf shrub heaths, subalpine willow scrub and tall-herb communities as well as (ombro-)minero-
trophic mires are all included within the mapping unit since it represents a naturally occurring 
habitatmosaic and the scale of the map does not allow any more detailed presentation. 

The zonal vegetation consists in most areas of birch forests (Betula pubescens subsp. pubescens 
and subsp. czerepanovii), in some places in complex with pine forests (Pinus sylvestris), and lo-
cally with Sorbus aucuparia, Populus tremula or Alnus incana. In addition, more demanding and 
thermophilous deciduous trees and shrubs (such as Alnus glutinosa, Fraxinus excelsior, Ulmus 
glabra, Quercus robur, Prunus padus and Corylus avellana) occur in the vegetation complexes of 
the hemiboreally- and nemorally-toned west and south-west Norwegian fjord landscape. 
 
Geographical distribution 

The range of the western boreal and nemoral-montane birch forests extends from north-west Fen-
noscandia to southern Norway, and from Iceland to the British Isles with south-west Ireland, with 
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its distribution stronghold in the mountains of Scandinavia as well as in Iceland. The altitude 
range varies between 0 and 1000 m, whereby the upper altitudinal limit increases from north to 
south: Finnmark (northern Norway) about 250-300 m, Iceland 400 m, southern Norway and Swe-
den up to 1000 m. Birch forests descend to lowland sites on the strongly oceanically influenced 
west coasts of Norway and Iceland. 
 
Stand structure and physiognomy 

The western boreal and nemoral-montane birch forests are developed as open shrub forests, open 
woodlands or closed forest stands. They also occur in complex with pine forests, willow scrub, 
dwarf shrub heaths, tall-herb communities and mires as well as (in climatically warmer areas) 
with nemoral deciduous trees and shrubs. Physiognomically dominant growth forms include short 
to medium height trees (2-12 m), shrubs and dwarf shrubs. In addition to dwarf shrubs, the field 
layer consists of herbs and grasses, sometimes also with tall-herbs, as well as mosses and lichens. 
 
Floristic composition (species composition) 

The tree layer is mostly species-poor and dominated by birches (Betula pubescens subsp. pubes-
cens and subsp. czerepanovii), whereby occasionally ubiquitists such as Prunus padus, Sorbus 
aucuparia, Populus tremula occur. Betula nana, Juniperus communis subsp, alpina, Salix phylici-
folia, S. glauca, S. lapponum, S. lanata, S. myrsinifolia, S. borealis are widespread shrub species. 
The dwarf-shrub layer consists of Vaccinium myrtillus, V. vitis-idaea, V. uliginosum, Calluna 
vulgaris, Empetrum hermaphroditum, E. nigrum, Arctostaphylos uva-ursi, A. alpinus, Cornus 
suecica. Geranium sylvaticum, Rubus saxatilis, Ranunculus acris, Solidago virgaurea, Linnaea 
borealis, Equisetum pratense, Melampyrum sylvaticum, Alchemilla spp., Oxalis acetosella, Trien-
talis europaea, Pyrola minor, Agrostis capillaris, Anthoxanthum odoratum, Deschampsia flexu-
osa, Poa nemoralis, Festuca rubra, Carex vaginata, Luzula sylvatica, locally Melica nutans, Vi-
ola riviniana, Paris quadrifolia and the ferns Gymnocarpium dryopteris, Dryopteris expansa, 
Phegopteris connectilis, Blechnum spicant are typical species of the herb layer. Numerous moss 
species are represented in the moss layer (e.g. Hylocomium splendens, Pleurozium schreberi, Di-
cranum scoparium, D. fuscescens, Rhytidiadelphus loreus, R. triquetrus, Polytrichum formosum, 
P. commune, P. juniperinum, Barbilophozia barbata, Plagiothecium undulatum, Sphagnum spp.) 
in addition to various lichen taxa (e.g. Peltigera aphthosa, Cetraria spp., Cladina spp., Cladonia 
spp., Nephroma arcticum). 

In the Atlantic region (British Isles, western Norway) deciduous trees and shrubs of the temperate 
zone are added (Alnus glutinosa, Fraxinus excelsior, Ulmus glabra, Acer pseudoplatanus, Quer-
cus petraea, Q. robur, Ilex aquifolium, Corylus avellana). In addition, nemoral herbs (Galium 
odoratum, Primula acaulis amongst others) occur as well as European-oceanically (Blechnum 
spicant, Luzula sylvatica, Oreopteris limbosperma) and Atlantically distributed species (Narthe-
cium ossifragum); in the moss layer these are Hymenophyllum wilsonii, Anastrepta orcadensis, 
Mylia taylorii. The flora is lacking regional endemic species due to the quaternary glaciation his-
tory of this region, and for this reason Eurasian species predominate. 
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Position in the phytosociological system (syntaxa) 

The subformation C.2 with western boreal and nemoral-montane open woodlands is quite poly-
morphous: in addition to more or less closed birch forest formations, birch shrub forests and vege-
tation complexes with other forest communities also occur. These stands were studied by a num-
ber of researchers and classified in different ways syntaxonomically, i.e. by NORDHAGEN 1943, 
AUNE 1973, KIELLAND-LUND 1967, 1973, 1981, 1994, STEINDÓRSSON 1974?, HÄMET-AHTI 1963?, 
GLAWION 1985, DIERSSEN 1996 and RODWELL 1991a. The western boreal birch forests of Iceland 
and Scandinavia are generally assigned to the class Vaccinio-Piceetea. Birch and pine forests of 
oligotrophic acid habitats belong according to KIELLAND-LUND (1967) to the order Cladonio-
Vaccinietalia. Within this order the poor, dwarf shrub-rich birch open woodlands of the Phyllo-
doco-Vaccinion alliance can be assigned to the Empetro-Betuletum and Cladonio-Betuletum 
communities. Of the pine forests scattered in complex units on oligotrophic, shallow soils the 
Bazzanio-Pinetum is especially characteristic for the oceanic areas of Norway, while other 
Pineteae appear as complex communities. The birch forests on more eutrophic soils are assigned 
to the order Vaccinio-Piceetalia. These include the Corno-Betuletum of the (oceanic) fjord region 
as well as the more widespread Geranio-Betuletum. The west Norwegian fjord complexes (C14, 
C15) with their nemoral mixed deciduous forests (Fagetalia p.p., Querco-Fagetea Br.-Bl. et 
Vlieger in Vlieger 1937) show affinities to formation F, as do the acidophilous Anglo-Irish birch 
forests with Ilex aquifolium (C16). 
 
Syntaxonomic overview of the vegetation units of C.2 (with assignment of the mapping units) 

Vaccinio-Piceetea Br.-Bl. 1939 
Cladonio-Vaccinietalia Kielland-Lund 1967 

Phyllodoco-Vaccinion Nordhagen 1936 (incl. Cladonio-Pinion Kielland-Lund 1986) 
Cladonio-Betuletum (Nordh. 1943) K.-Lund 1973 – (C10, C11) 
Empetro-Betuletum Nordh. 1943 – (C 8, C9, C10, C11) 
Bazzanio-Pinetum K.-Lund 1981 – (C12, C13, C14) 

Vaccinio-Piceetalia Br.-Bl. 1939 (Piceetalia excelsae Paw≈owski in Paw≈owski et al. 1928) 
Vaccinio-Piceion Br.-Bl. 1939 (Piceion excelsae Paw≈owski in Paw≈owski et al. 1928) 

Corno-Betuletum Aune 1973 – (C9, C12, C13, C14) 
Geranio-Betuletum Nordh. (1928) 1943 corr. Dierßen 1982 (Syn.: Melico-Betuletum Aune 1973) – 
(C7) Iceland, (C9, C12, C13, C15) Scandinavia 

Giving way to Quercion roboris s. l.: 
Quercus petraea-Betula pubescens-Oxalis acetosella com. Rodwell 1991 – (C16) 
 

Macroclimatic factors 

The units on Iceland and in Scandinavia are assigned primarily to the boreal climatic and floral 
zones, while those of the British Isles and Ireland belong to the northern temperate zone. They are 
all influenced in a highly oceanic manner. A macroclimatic differentiation is provided by thermal 
gradients running from north to south, and by a hygric gradient (hyper- to suboce-
anic/subcontinental) from west to east. The markedly oceanic regions (Iceland, western part of 
Ireland and the British Isles, western Coast of Norway) are characterised by high precipitation 
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with a winter maximum, mild winters and cool summers as well as by a sufficient winter cover of 
snow. The more continental areas on the eastern sides of the islands and east of the main ridge of 
the Scandinavian mountains receive little precipitation with a summer maximum and are charac-
terised by colder winters and warmer summers (Figure 8). The mean annual temperatures vary in 
the oceanic region between 2 and 6 °C, and in the more continental areas between -3 and 2 °C. 
The mean temperature of the coldest month in the oceanic region is between -3 and +1 °C, and in 
the continental region between -16 and -10 °C. For the warmest month 9-15 °C is reported for the 
oceanic region, and 10-14 °C for the continental. The mean annual precipitation is between 700 
and 2400 mm in the oceanic region, and 200 and 1200 mm in the continental. 

Within the birch forests an altitudinal differentiation exists, as expressed by the stand structure 
and species composition. In the subalpine belt the shortened growth period and the longer dura-
tion of snow cover are limiting factors of the site conditions. The (alpine and northern boreal) tree 
line of the birch in Scandinavia is correlated with the +10 °C isotherm for the warmest month 
according to TRETER (1984). 
 

 
Figure 8: Climatic diagrams (based on WALTER & LIETH 1967) for Reykjavik (Iceland), Tromsø (northern 

Norway), Josendal (southern Norway) and Dalwhinnie (Scotland). 

Site conditions 

Apart from climatic factors, others such as bedrock type (mostly silicates with a varying calcium 
content) differentiate the formation of these open woodlands. The relief sequence with the follow-
ing elements, i.e. hill > slope > basin, affects the formation of trophic stages of birch forest com-
munities due to variations in soil depth, moisture and nutrition and fertility (e.g. Cladonio-
Betuletum > Empetro-Betuletum > Vaccinio myrtilli-Betuletum > Geranio-Betuletum). Increasing 
soil depth and moisture are correlated with an increasing nutrient content. The predominant soil 
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types are podzols with a raw-humus horizon (Empetro-Betuletum), podzolic brown earths (Corno-
Betuletum) and base-rich mull brown earths to slope gleys (Geranio-Betuletum). 
 
Role in structuring the landscape 

Birch forests form the uppermost forested belt in the mountains where they cover slopes and 
ridges and reach up to dwarf shrub tundras as well as alpine dwarf shrub heaths and grasslands of 
formation B. In the north-east of Scandinavia, forest-free palsa- and aapa-mires are scattered in 
the birch forest areas. At lower locations pine and spruce forests occur as ‘islands’. In north-west 
Norway and on Iceland small-sedge brown-moss fens occur in complex with birch forests. In the 
area of the fjords of western Norway nemoral deciduous woods and boreal pine forests occur as 
complex units. Near the coast, birch forests occur in close contact with Atlantic dwarf shrub 
heaths and/or with raised- or blanket-bogs as they also do in England and Ireland. In Scandinavia, 
boreal pine and spruce forests lie adjacently to the east. 
 
State of preservation, land use, substitute communities; nature conservation 

Birch forests in large parts of Scandinavia are hardly endangered but nevertheless protected in 
some national parks. In some regions, i.e. in Lappland, they have been cleared, reduced and 
pushed back by reindeer grazing and timber use. Silvicultural exploitation occurs mainly in west-
ern Norway, where the herb layer has also been damaged due to the dense cultivation of foreign 
conifers. Within the birch forest belt there are also areas of agriculturally exploited grassland, 
particularly meadows and pastures. In Iceland the birch forests have been destroyed by grazing 
and soil erosion over large areas and only remain preserved at a few locations (cf. GLAWION 
1985). Only a third of the plantations have been established here with native birches. The state of 
preservation is similarly poor in the British Isles, where the original birch forests have been al-
most completely transformed into mountain heaths. Plantations here have also been established 
using non-native pines and spruces. 
 
Classification into subunits 

The floristic-sociological differentiation of the mapping units reflects differences in habitat condi-
tions and climate. Some mapping units are characterised by a specific physiognomy and by phy-
togeographical peculiarities. Because of the small scale of the map, the units of the Norwegian 
fjord landscapes with their rapidly changing relief had to be designated as complexes. The map-
ping units are subdivided into three groups depending on habitat and species assemblage: 

1) Low-growing birch shrub forest on shallow soils (C8, C11) 

These shrub forests occupy immature, shallow and sometimes dry soils. The undergrowth is dwarf 
shrub- and sometimes lichen-rich (C11). 

2) Taller growing birch forests, varyingly rich in herbs, grasses or tall-herbs (C7, C9, C10) 

These birch forests on fresh, relatively base-rich soils are either rich in herbs and grasses (C7, 
Iceland) or locally tall-herb and fern-rich (C9, C10). 
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3) Vegetation complexes of birch and pine forests and partly nemoral mixed deciduous forests 
(C12-C16) 

These include forests of an oceanic character along the west Norwegian coast in particular. The 
western and south-west Norwegian vegetation complexes contain also species of the nemoral de-
ciduous forests (C13, C15), while in the north-west Norwegian birch forests hardly any nemoral 
species occur (C12, C14). The Anglo-Irish birch forests (C16) differ from the other units due to 
the presence of atlantic-subatlantic trees such as Ilex aquifolium, Taxus baccata, Salix atrocinerea 
and Lonicera periclymenum as well as Erica cinerea and E. tetralix. 
 
C.3 Subalpine and oro-Mediterranean vegetation (forests, krummholz and dwarf shrub 

communities in combination with grasslands and tall–herb communities) (C 17-C 47) 

Paul Heiselmayer, with contributions by Nugzar Zazanasvili (Caucasus) 

Characterisation and typological delimitation 

In this sub-formation, vegetation units of the subalpine and oro-Mediterranean belt of the high-
mountain chains in the south temperate and the submeridional to the meridional zones of Europe 
are put together. The zonal vegetation consists in most of these areas of coniferous open wood-
lands and scrub with prevailing pines and larches as well as juniper, while in the Caucasus it con-
sists mainly of birches, maple and oaks. In addition, krummholz-scrub formations with dominant 
dwarf pine, green alder or in some mountains also junipers also occur. Partly evergreen dwarf 
shrubs of the genera Rhododendron and Daphne are added to or lie in front of the krummholz, but 
they also occur outside of the range of Pinus mugo in the south-east (Greece) and in the Caucasus. 
The ‘alpine’ dwarf shrub communities with the genera Vaccinium, Empetrum and Arctostaphylos 
are also included, although their stands lie in part above the current tree line. They are closely 
related to the forest belt in their floristic composition and have expanded greatly due to human 
influence at the expense of the forests. The subalpine belt can be divided according to this defini-
tion into three sub-belts: In the upper part tree-free shrub- and dwarf-shrub communities dominate 
(mostly with Pinus mugo and/or Rhododendron species), in the middle sub-belt Larix and Pinus 
rich forests (Larix decidua, Pinus cembra, Pinus uncinata) prevail, and in the lowest sub-belt (e.g. 
Alps, Carpathian Mountains) subalpine spruce forests (‘Piceetum subalpinum’) predominate in 
areas with indistinct transitions to montane spruce forests. 

The forests occurring here form the climatic (upper) tree, line facing the alpine vegetation (with 
grassland, low-creeping shrub and dwarf shrub vegetation: formation B). Below this subalpine 
formation, altimontane spruce, fir and pine forests of formation D or deciduous forests of forma-
tion F follow on. 

The altitudinal range varies in the Hercynian mountains and the northern marginal Alps between 
(1400)1500 and 1900(2000) m, ascends in the central and southern Alps to between (1600)1700 
and 2200(2400) m and reaches up to 2400 m in the mountains of the southern Balkans and the 
Caucasus. Apart from climate and vegetation history, differences in bedrock (e.g. between car-
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bonate and silicate rocks) also serve to differentiate the form of the vegetation cover and the map-
ping units. 
 
Geographical distribution 

A subalpine and/or oro-Mediterranean vegetation is found in all mountains that extend above the 
tree line: the Hercynian mountains, the Carpathians, the Massif Central, the Alps, the Dinaric 
mountains, the Balkans, the Rhodopes, the Cantabrian mountains, the Pyrenees, the Central and 
southern Spanish mountains (including the Sierra da Estrêla), Corsica, the Apennines, the Greek 
Mountains, and the Caucasus. In the southern, sub-Mediterranean-Mediterranean regions there are 
only scattered mountains at this altitude, so that the range of this formation is very dispersed and 
insular. 
 
Stand structure and physiognomy 

The subformation C.3 has a highly heteromorphous structure because of its wide distribution: In 
addition to woodlands (Pinus cembra, P. uncinata, P. sylvestris, Fagus, Acer, Betula, Sorbus 
communities), scrub communities (Pinus mugo, Juniperus communis, Alnus alnobetula), dwarf 
shrub communities (Ericaceae) and tall-herb communities are represented. In the tree layer, co-
niferous trees dominate in the Central and southern European mountains, while in the Caucasus 
summer-green deciduous trees prevail. In the shrub layer the mugo pine (Pinus mugo) dominates, 
and with sufficient moisture the summer-green green alder (Alnus alnobetula) also becomes more 
common. Ericaceae occur as stand forming chamaephytes, particularly Rhododendron and Vac-
cinium species, that frequently form a dense carpet that herbaceous plants can barely penetrate. In 
the southern mountains (Spain, Balkans) junipers (Juniperus communis subsp. alpina) and 
Daphne oleoides usually occur as dominant evergreen species. As in the alpine belt, most dwarf 
shrubs are evergreen. This is especially marked with the Rhododendron species, that are relatively 
small-leaved in the Alps and adjacent areas (Rhododendron hirsutum, R. ferrugineum, R. myrti-
folium), while in the Caucasus Rhododendron caucasicum has considerably larger leaves. The 
frequent occurrence of tall-herbs in shaded and seeping moist hollows slope basins and ravines, is 
a further physiognomic structural element. Hemicryptophytes such as grasses, sedges and rushes 
also appear in the forest stands. A moss layer is usually well developed. 
 
Floristic composition 

The subalpine as well as the oro-Mediterranean belt in all mountains shows floristic peculiarities 
brought about by their isolation and location near the forest boundaries, which is also the case 
with the alpine belts. The floristic peculiarity of the individual mountains increases from north to 
south and is most clearly developed in the central and southern Spanish, central Balkan and Greek 
mountains as well as in the Caucasus. In the Caucasus the adjacent areas with a different climate 
and flora bring about an even more pronounced local differentiation. Even if the number of en-
demic species is not as great as it is in the alpine belt, the subalpine and oro-Mediterranean vege-
tation nevertheless both have their own character. Genera common to several mountain ranges 
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include: Pinus with P. cembra (Alps, Tatra, Carpathian Mountains), P. uncinata (Pyrenees, west-
ern and Central Alps), P. mugo (Hercynian mountains, Central and eastern Alps, Carpathian 
Mountains, Balkan Mountains, Apennines), P. sylvestris (Spain, Balkans), Pinus peuce (Central 
Balkans with formation D) and P. kochiana (Caucasus). The genus Sorbus is also frequently rep-
resented: S. aucuparia, especially subsp. glabrata, S. aria, S. mougeotii, S. chamaemespilus. The 
latter occur for example in the Pyrenees, Alps, northern Apennines and in the Dinarides. Erica-
ceae play an important role in the entire formation: Vaccinium myrtillus and V. vitis-idaea are 
typical boreal-temperate Eurasian species, and the circumboreal V. uliginosum. Rhododendron 
species have a smaller range: R. ferrugineum in the Pyrenees, the Alps, in the northernmost Apen-
nines and as an exclave in the Dinaric mountains; R. hirsutum in the Central and eastern Alps 
excluding the siliceous inner Alps as well as in the north-west Dinarides; R. myrtifolium in the 
Carpathian Mountains and the central Balkan Mountains; R. caucasium in the Caucasus, and R. 
ungernii as a Colchic element. Bruckenthalia spiculifolia occurs only in the southern Carpathian 
Mountains and the Balkan Mountains. A further prominent genus is Daphne: in the south Euro-
pean mountains (Spain, southern Apennines, Balkan and Greek mountains) the xeromorphically 
formed dwarf shrub Daphne oleoides occurs. Separate groups are constituted by the subalpine 
krummholz-scrub and open woodlands of the Caucasus with endemic tree species such as Acer 
trautvetteri, Betula litwinowii, B. megrelica, B. medwediewii, Quercus pontica and Q. macran-
thera comprise further distinct groups. 
 
Position in the phytosociological system (syntaxa) 

The communities of this subformation C.3 are assigned to different classes. In the Alps, the class 
Vaccinio-Piceetea (Vaccinio-Piceetalia) contains on acid substrate the larch-arolla pine forests 
(Piceion abietis), the bog pine forests (Pinion uncinatae) and dwarf pine scrub (Pinion mugi) 
without Erica carnea. The alpine hairy alpenrose scrub is assigned by some authors to the Vac-
cinio-Piceetea (Rhododendro-Vaccinietalia), and by others (GRABHERR & MUCINA 1993) to the 
Loiseleurio-Vaccinietea. 

Within the range of Erica carnea, the forests on limestone and dolomite (arolla pine forests, bog 
pine forests) as well as the dwarf pine scrub are assigned to the class Erico-Pinetea (Erico-
Pinetalia, Erico-Pinion), while the hairy alpenrose-scrub on limestone are assigned either to the 
Erico-Pinion or to the Seslerietea albicantis (according to GRABHERR & MUCINA (1993)). 

In the mountains of southern Europe, particularly in Spain, but also in the southern Balkans, forest 
and shrub communities occur with different Juniperus species that are assigned to the class Pino-
Juniperetea. While the forest communities are assigned to the order Pino-Juniperetalia, the scrub 
is classified in the Juniperetalia hemisphaericae or the Vaccinio microphylli-Juniperetalia nanae 
(Juniperion nanae). In the southern Balkans and in the Apennines the genus Juniperus with J. 
communis subsp. hemisphaerica and subsp. nana is represented in the shrub formation, often ac-
companied by Daphne oleoides and woody leguminous plants (Chamaecytisus spinescens in the 
Apennines, C. eriocarpus and C. polytrichus in the Balkans). In the Greek mountains Juniperus 
foetidissima penetrates into these stands. A Daphno oleoides-Juniperetum has been reported from 
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the Apennines. The tall-herb and tall-grass communities occurring in formation C.3 should be 
assigned to the class Betulo-Adenostyletea with its different orders. 

Somewhat differing forms of the krummholz-scrub and open woodlands are developed at the tree 
lines in the Caucasus. Here numerous deciduous tree species also act as companions. These wood-
lands can be assigned primarily to the class Betulo-Adenostyletea. While Fagus sylvatica subsp. 
orientalis is found in the western Caucasus in stands with Acer trautvetteri and Betula litwinowii, 
it is absent from the eastern and southern Caucasus. Evergreens such as Rhododendron caucasi-
cum are also present in the undergrowth. 
 
Syntaxonomic overview of the vegetation units of C.3 

Vaccinio-Piceetea in Br.-Bl. et al. 1939 
Vaccinio-Piceetalia Br.-Bl. 1939 (Piceetalia abietis Paw≈. in Paw≈. et al. 1928) 

Piceion abietis Paw≈. in Paw≈. et al. 1928 (incl. acidophilous Pinus mugo scrub communities) 
Pinion uncinatae Rivas-Martínez & Costa 1998 
Pinion mugi Gams 1936 

Loiseleurio-Vaccinietea Eggler ex Schubert 1960 
Rhododendro-Vaccinietalia Br.-Bl. in Br.-Bl. et Jenny 1926 

Rhododendro-Vaccinion J. Br.-Bl. ex G. et J. Br.-Bl. 1931 
Loiseleurio-Vaccinion Br.-Bl. in Br.-Bl. et Jenny 1926 

(Vaccinio microphylli-Juniperetalia nanae Rivas-Martínez & Costa 1998) 
Juniperion nanae Br.-Bl. in Br.-Bl. et al. 1939 

Pino-Juniperetea Rivas-Martínez 1965 
Pino-Juniperetalia Rivas-Martínez 1965 

Pino ibericae-Juniperion sabinae Rivas Goday ex Rivas Goday & Borja corr. Rivas-Martínez & J.A. 
Molina in Rivaz-Martínez et al. 1999 

Juniperetalia hemisphaericae Rivas-Martínez & J.A. Molina in Rivas-Martínez et al. 1999 
Genisto vericoloris-Juniperetum hemisphaerici Quézel 1953 corr. Rivas-Martínez et al. 1999 

Cytision oromediterranei Tüxen in Tüxen & Oberdorfer 1958 corr. Rivas-Martínez 1987 
Erico-Pinetea Horvat 1959, partly Seslerietea albicantis Oberd. 1978 corr. Oberd. 1990 

Erico-Pinetalia Horvat 1959, partly Rhododendro hirsuti-Ericetalia carneae Grabherr et al. 1993 
Erico-Pinion sylvestris Br.-Bl. in Br.-Bl. et al. 1939 
Erico-Pinion mugo Leibundgut 1948 

Betulo-Adenostyletea Br.-Bl. et Tx. 1943 (Mulgedio-Aconitetea Hadac et Klika 1944) 
Adenostyletalia G. et J. Br.-Bl. 1931 

Adenostylion alliaria Br.-Bl. 1926 
Alnion viridis Aichinger 1933 

Calamagrostietalia villosae Paw≈owski et al. 1928 
Calamagrostion villosae Paw≈owski et al. 1928 

Rumicetalia alpini Mucina in Karner et Mucina 1993 
Rumicion alpini Rübel ex Klika in Klika et Hadac 1944 
 

Macroclimatic factors 

The units of subalpine and oro-Mediterranean vegetation (subformation C.3) lie within the range 
of the montane climates (climate type X); like those of the alpine belt they extend over several 
climatic zones (subformation B.2) and can be assigned the corresponding climate types IV, VI, 
VII (see Map 2). The vegetation units form the tree line, which as a rule is macroclimatically de-
termined: by an inadequate too short growing period for tree growth and/or by temperatures that 
are too low during the vegetation period. The continentality increases from the margins to the 
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interior of the mountains. This leads in the Alps to the formation of ‘inner Alpine dry valleys’. In 
the highly oceanically influenced marginal zones the tree line is lower than it is in the more conti-
nental central regions, and is correlated with the mean elevation of the massif – ‘Massenerhe-
bung’. According to REHDER (1965) the tree line correlates with the mean annual temperature of 
between -1 and 0 °C in the continental regions of the Alps, whereas in the oceanic parts it corre-
lates with the temperatures between 0 and 1 °C. The climate of the temperate zone usually gives 
sufficient rainfall in the mountains of Central Europe (800-3000 mm), but in the mountains of the 
submeridional and meridional zone (central and southern Spain, southern Italy, southern Balkans 
and Greece) the precipitation is lower (500-1500 mm) and its seasonal distribution is less favour-
able because of the summer-drought (Figure 9). The annual mean temperature in the subalpine 
belt of the Alps and Carpathian Mountains lies between 0 and 4 °C, while in the southern moun-
tain ranges it rests between 4 and 10 °C. A higher summer temperature (mean temperature of the 
warmest month 15 °C) is also typical for these areas. 
 

 
Figure 9: Climate diagrams (based on WALTER & LIETH 1967) of Prinz-Heinrich-Baude (Giant Mountains), 

Vent (Oetztal Alps), Sierra da Estrêla (Portugal), Prados de Cuenca (Serrania de Cuenca), and Sitnia-
kowo (Pirin Mountains, Bulgaria). 

Site conditions 

As with the alpine belt, a brief growing period together with a long-lasting snow cover are charac-
teristic of this kind of habitat. All plants that project above the winter snow cover are exposed to 
the low winter temperatures, which demands an effective resistance to frost. As investigations on 
Pinus cembra at the inner eastern Alps (SCHWARZ 1968, 1970) have shown, temperature minima 
during the winter can reach to below -40 °C. The frosting of juvenile trees can occur when after a 
number of years with sufficient snow cover, there is suddenly a year with a snow-poor winter. 
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when they are not yet sufficiently adapted to the winter temperature. 

Apart from the macroclimate, relief also has a major influence on the habitat. Hollows have a 
longer snow cover and higher soil moisture, a combination that favours the formation of tall-herb 
communities and willow scrub (Salix waldsteiniana). Exposed slopes, hilltops and ridges have 
frost- and wind-resistant species. 

The bedrock, differentiated into carbonate an silicate types also influences the habitat in the open 
woodlands and shrub formations of the subalpine belt. Common soils of the shrub and dwarf 
shrub formations include rankers, rendzinas and protorendzinas, and occasionally also brown 
earths; under coniferous forests on silicate rocks podzols usually occur. The summer-green open 
woodlands in the Caucasus mostly grow on brown soils, and more rarely on rendzinas or rankers. 
 
Role in structuring the landscape 

In the subalpine altitudinal belt of the Central and southern European mountains, forest, shrub and 
dwarf shrub communities prevail as the zonal vegetation forms. They form the transition from the 
montane deciduous and coniferous forests to the alpine belt and represent the upper tree line. 
Snow-poor and snow-rich habitats form as a result of the varied relief and the different steepnes 
and aspect that follow from this. Large accumulations of snow on the lee sides of mountains can 
cause forest-free habitats to develop among the subalpine forests (e.g. in the Riesengebirge). In 
addition spring bogs and fens are important components of the subalpine and alpine altitudinal 
belts. Tall-herb communities and green alder scrub are more frequently encountered because of 
the greater soil moisture on silicate bedrock compared to limestone or dolomite. 
 
State of preservation, land use, substitute communities; nature conservation 

In addition to the alpine belt, the forest line forms the traditional zone of the uppermost human 
settlements and the alpine pasturing in the high mountains. In this transitional region which pro-
vides both fodder for grazing animals and timber for huts, the tree line was already being dis-
placed downwards long ago (already since the Iron Age in Dachstein in the eastern Alps, KRAL 
1971) to the benefit of dwarf shrub heaths and grazing areas. Matgrass communities (in the alli-
ance Nardion strictae Br.-Bl. in Br.-Bl. et Jenny 1926) as well as alpine milkwort meadows (in 
the Poion alpinae Oberdorfer 1950) have developed on intensively grazed areas. While traditional 
pasturing mainly occurred with sheep, goats (extensively) and cattle (intensively) in the Alps, 
grazing by sheep and goats predominated in the other mountains of Europe. In the Central Euro-
pean mountains firewood collection has not played any major role, but in the southern European 
mountains, particularly in the Caucasus, it has a long-standing tradition. 

Over the last decades the construction of ski lifts and downhill runs at winter sport centres has led 
to a further change in the subalpine landscape, often resulting in a deterioration of the light forests 
that can no longer fulfil their protective function against avalanches. Avalanches, which occur 
repeatedly even in natural landscapes, usually penetrate deep into forested areas and produce for-
est-free gulleys that reach as far as the montane belt, i.e. so-called ‘avalanche tracks’ in which 
tall-herb communities and scrub form the natural vegetation. The influence of summer tourism is 
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also significant. Damage to vegetation and soils made by traffic and trampling heals very slowly. 

Representative near-natural vegetation complexes and zonations of the subalpine belt are repre-
sented and strictly protected in numerous national parks and nature reserves within the mountain 
ranges of Europe. 
 
Classification into subunits 

No further sub-division of the mapping units was carried out in the legend. As with the alpine 
zone, the vegetation of the sub-alpine zone is influenced by the separation of the mountain ranges, 
the varying vegetation history, and the influence of different climates differentiating the vegeta-
tion units. Because of their species composition and the area-specific combination of plant com-
munities the mapping units were put into geographical groups as follows: 

1) Sycamore-beech forests and mountain ash forests of the Massif Central and Cevennes (C18) 

In the subalpine belt of the Massif Central (Auvergne) and the Cevennes, coniferous trees are 
largely missing and summer-green deciduous forests (Aceri-Fagetum) and Sorbus spp. – trees 
dominate that form complexes with tall-grass and tall-herb communities, dwarf shrub heaths and 
matgrass communities. Special species include Sorbus mougeotii, Genista pilosa and Cicerbita 
plumieri. Similar units also occur in small areas at higher altitudes in the Vosges and the Black 
Forest. 

2) Hercynian, west Carpathian, Alpine and Pyrenean pine forests and dwarf pine scrub (C17, 
C19-C24) 

For these mountains, subalpine coniferous woods (Pinus cembra, Larix decidua, Pinus uncinata) 
and dwarf pine scrub (Pinus mugo) in combination with hairy alpenrose scrub (Rhododendron 
ferrugineum, R. hirsutum) and other dwarf shrub communities are characteristic. Clear differences 
in the species composition exist between stands on silicate and carbonate rocks. The main and 
most widespread unit is C19 with larch-arolla pine forests (Larici-Cembretum) of the more conti-
nental interior Alps which mainly occur on silicate rocks. These often form complexes with dwarf 
pine (Pinus mugo) or green alder (Alnus alnobetula) scrub and tall-herb communities. Dwarf 
shrubs with hairy alpenrose and bilberry are always present here and form a narrow belt above the 
larch-arolla pine forests. Hollows in nutrient-rich situations are usually colonised by tall-herb 
communities. These units can be further subdivided according to bedrock (silicate versus carbon-
ate). In the more oceanically influenced marginal Alps, hairy alpenrose dwarf pine scrub plays the 
leading role mainly on carbonate rocks (C20), while in the western Alps Pinus uncinata forests 
predominate both on siliceous and carbonate rocks (C21, C22). They characterise the subalpine 
belt above the usually narrow or non-existent spruce forest belt. In the eastern Alps Pinus mugo-
stands grow particularly on edaphically dry sites (limestones, dolomites, quartzites, gneisses). At 
corresponding sites in the western Alps the dwarf pine is replaced by the bog pine (Pinus unci-
nata). 

The Pyrenees show similarities with the western Alps: Pinus uncinata forms the tree layer. Un-
dergrowth species on silicate rock include Rhododendron ferrugineum and Juniperus communis 
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subsp. alpina (C23), and on carbonate rock Juniperus communis subsp. hemisphaerica, Arc-
tostaphylos uva-ursi and Pulsatilla alpina subsp. font-queri (C24). 

Pinus mugo is accompanied by Vaccinium myrtillus in the subalpine belt of the Sudeten moun-
tains and north-west Carpathian Mountains (C17). Depending on substrate and landscape, such 
dwarf pine scrub forms a complex either with tall-herb communities (Adenostylion), tall-grass 
communities (Calamagrostion villosae) or short-grass meadows (Nardion strictae), often with 
boreal elements. In the western Carpathian Mountains there are also forms on limestone, and in 
the High Tatra there are forests with Pinus cembra and Larix decidua. 

3) Orocantabrian scrub communities with Juniperus communis subsp. alpina, Cotoneaster inte-
gerrimus and Daphne laureola (C25, C26) 

The Cantabrian mountains form the continuation of the Pyrenees towards the west, but border on 
the Atlantic in the north so that they are directly exposed to the rain-bearing north-west winds, a 
situation that has led to a marked windward-leeward differentiation. The subalpine belt does not 
include any forest here. Above the tree line (birch and beech forests), scrub and dwarf shrub for-
mations are formed in which Juniperus communis subsp. alpina, Cotoneaster integerrimus and 
Vaccinium myrtillus are important constituents both on limestone and silicate rocks. Vaccinium 
uliginosum subsp microphyllum and Calluna vulgaris are important differentiating species on 
silicate subsoil (C25). Daphne laureola var. cantabrica and Arctostaphylos uva-ursi occur on 
carbonate rock (C26), while Juniperus sabina is an admixture in more continental areas. 

4) Iberian oro-Mediterranean pine forests and juniper scrub (Pinus sylvestris, P. uncinata, Junipe-
rus communis subsp. alpina) (C27-C34) 

Within the area of the central and southern Iberian Peninsula, the high-mountain regions and 
peaks lie isolated from one another so the group shows hardly any shared features. The climatic 
gradients from oceanic (west and north) to continental (the central part to the east), as well as 
from north to south (with an increasing degree of summer aridity), have led to a further differen-
tiation of the mapping units of the various mountain ranges. As an example, the seemingly iso-
lated Sierra Nevada in the south of the peninsula contains numerous endemic species. The oro-
Mediterranean units of the Iberian Peninsula can be subdivided into those with pine forests (Pinus 
sylvestris var. iberica and var. nevadensis) on siliceous and carbonate rocks (C27-C30) and into 
those with Genista-juniper scrub on siliceous rocks (C31-C34). A further subdivision of the map-
ping units is based on geographical differential species. 

5) Apennine, Illyric-Dinaric, south Carpathian and Balkan shrub and dwarf shrub formations 
(C35-C39) 

The special case of the Balkan Peninsula is illustrated by the combination of Pinus mugo with 
southern and south-east European species (e.g. Daphne oleoides, D. blagayana, Bruckenthalia 
spiculifolia, Rhododendron myrtifolium). Mapping units occur in only small areas, from the cen-
tral Apennines to the south (particularly in Abruzzia, C36). In the western Dinarides Rhododen-
dron hirsutum also occurs in the dwarf shrub layer (C37), while in the eastern and southern Car-
pathian Mountains as well as the Balkan Mountains Rhododendron myrtifolium and Bruckenthalia 
spiculifolia occur in C38. Pinus mugo is replaced by Genista species in the Greek form of the 
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Balkan-Macedonian krummholz-scrub (C39) (Genista depressa, Chamaecytisus polytrichus, C. 
eriocarpus). 

6) Greek evergreen scrub (C40) 

The Mediterranean influenced Greek subalpine evergreen scrub (C40) forms its own mapping 
unit. In the tree layer Juniperus foetidissima occasionally occurs, while in the shrub layer, other 
evergreen shrubs such as Buxus sempervirens and Daphne oleoides appear in addition to Junipe-
rus communis subsp. alpina. 

7) Caucasian krummholz- and open woodlands (C41-C47) (N. Zazanasvili) 

The subalpine vegetation of the Caucasus is usually established between 1800(2000) and 
2400(2700) m and shows a great variety in form, determined by its vegetation history, the ecol-
ogy and particularly by climatic gradients. The influence of more humid Atlantic-Mediterranean 
air masses leads to a decrease in the annual precipitation in the Great Caucasus from the west to 
east. In the Lesser Caucasus this decrease runs from the north-west to the south-east. As a result 
mesophilous elements such as krummholz-forests, Acer trautvetteri-forests, Rhododendron cau-
casicum scrub, tall-herb communities and grasslands are replaced more and more by meso-
xerophilic and xerophilic communities. Among these are Quercus macranthera-forests, meadow 
steppes and mountain steppes that dominate in the Armenian highlands and in the southern part of 
the Lesser Caucasus (C46, C47). In the latter area, subalpine formations typically extend 200-300 
m higher than they do in the Great Caucasus. The annual precipitation varies between 2000 mm 
and more in the south-west (C42, parts of C41, C45) to 550-650 mm in the east and south-east 
(parts of C46, C47, C43). The mean annual temperature varies between 1 and 4 °C depending on 
aspect and altitude. 

In addition to climate, the most important ecological factor for differentiating subalpine plant 
communities is the occurrence of limestones1. On calcareous substrates, there is a high proportion 
of endemic species. In the biotopes of boulder debris in the limestone mountains in south-west 
Caucasia (C42) the endemism approaches 84 % of the total flora (SOCHADZE 1982). On the cher-
nozem-type soils, the local-endemic communities are developed such as Corylus colchica-scrub, 
grasslands with Woronowia speciosa and Carex pontica, and tall-herb communities with Hera-
cleum aconitifolium, Ligusticum arafoe etc. (KOLAKOVSKIJ 1961). 

The historical development of the Caucasian flora and vegetation played a decisive role in the 
formation of present-day plant communities in the subalpine belt. This influence becomes notice-
able particularly in the western part of the Lesser and Great Caucasus, where a group of commu-
nity-forming species also belong to the Colchic relict flora: e.g. Quercus pontica (C42, C45), 
Betula megrelica (C42), B. medwediewii, Rhododendron ungernii (C45). On the other hand in the 
central and southern parts of the Lesser Caucasus the number of species of Asian or Iranian origin 
increases. This is still being promoted by the anthropogenic destruction of climax forests with 
Quercus macranthera (TACHTADŽJAN 1941b). 

                                                            
1  Carbonate rocks are not widely distributed in the Large Caucasus, where Jurassic schists and sandstones 

dominate; in the Small Caucasus quaternary Vulkanite prevails 
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The altitudinal zonation of the subalpine formations reveals regional differences determined by 
differences in soil moisture. In areas with high precipitation (Great Caucasus, western Lesser 
Caucasus) the uppermost belt (above 2000 m) is characterised by birch-krummholz forests, Rho-
dodendron caucasicum scrub and alpine grassland, while the lower belt is characterised by Fagus 
sylvatica subsp. orientalis, Acer trautvetteri-krummholz forests, tall-herb communities and in 
some areas by pine forests. In dry areas (central and southern Lesser Caucasus), the above men-
tioned forests, scrub communities and tall-herb communities are absent due to the reduced snow 
cover; here the uppermost belt consists exclusively of alpine grasslands, and the lower belt (below 
2200 m) has mountain steppes and forests with xerophilic tree species (Acer hyrcanum, Pyrus 
zangezura etc.). Meadow steppes, montane xerophytic vegetation and oak forests can occur here 
in both altitudinal belts. 

The most widespread subalpine forest communities are birch-krummholz forests (Betula litwi-
nowii) and oak forests (Quercus macranthera); however, their distribution areas overlap only in 
the eastern Caucasus. The oak forests are absent from the rainy western regions and the birch for-
ests are missing from the dry southern regions (C47). For birch-krummholz forests occurring 
mostly on steep, north-exposed slopes, a tree composition consisting of Betula litwinowii, Sorbus 
aucuparia, Acer trautvetteri, Populus tremula and Salix caprea is typical. Their regeneration usu-
ally proceeds vegetatively. Mesophilous forms of the Quercus macranthera forests occur in the 
Lesser Caucasus preferring north-facing slopes which decrease in extent from north-west to south-
east until they completely disappear (MACHATADZE 1957). Xerophilic oak forests alternating with 
meadow steppes, steppes and juniper scrub are more typical for this area. The oak forests usually 
lack a shrub layer and natural regeneration hardly ever occurs. 
Scrub communities with Rhododendron caucasicum and low juniper are widespread. The Rhodo-
dendron scrub colonises patchily on shaded slopes and in sloping depressions with deep snow 
cover and late snow-melt which thus protects the wintergreen shrubs. Juniper scrub, mainly con-
sisting of Juniperus communis subsp. hemisphaerica, as well as of J. sabina and J. communis 
subsp. oblonga, occur in all areas and are closely associated with rocky habitats and scree slopes. 

Tall-herb communities often occur in krummholz and maple woodland as well as in forest clear-
ings. Outside of the forests, tall-herb communities are found on shady slopes and the banks of 
small brooks. Tall-herbs such as Aconitum variegatum subsp. nasutum, Cephalaria gigantea, Si-
lene multifida, Symphytum asperum and Anthriscus nemorosa are the most widespread in the 
Caucasus (GAGNIDZE 1974). As with the rock vegetation, the subalpine tall-herb vegetation shows 
a high proportion of endemic species, particularly regarding the gen Delphinium, Heracleum and 
Senecio. 

Bromus variegatus- and Agrostis planifolia-grasslands are also widespread in the subalpine belt of 
the Caucasus. They occur preferably at the foot of slopes, on alluvial (scree) fans, colluvia and 
floodplain terraces. Festuca woronowii communities are characteristic for steep slopes. 

Typical subalpine mesophilous grasslands consist mainly of the following herbs: Stachys macran-
tha, Geranium ibericum, Anemone fasciculata, Trollius ranunculinus, Inula grandiflora, the 
grasses Calamagrostis arundinacea, Helictotrichon pubescens, Poa iberica and leguminous 



Formation C Map of the Natural Vegetation of Europe 
 

164  

plants such as Trifolium canescens, T. trichocephalum etc. Dominant species of the damp grass-
lands include Deschampsia cespitosa, sometimes hummock forming, Agrostis stolonifera .agg., 
Alopecurus arundinaceus and Carex dacica. Fen vegetation with sedges (Carex acuta, C. acuti-
formis, C. cespitosa, C. vesicaria, C. atherodes, C. lasiocarpa) and peat mosses is formed only in 
small areas. 

Hemixerophilic and xerophilic grassland communities are represented by meadow steppes and 
steppes. Meadow steppes in the subalpine belt are restricted to dry situations and are typical for 
subcontinental areas (C43, C46, C47). Three types of meadow steppes can be distinguished: grass, 
sedge and herb steppes. In all three types Festuca ovina, F. valesiaca, Koeleria macrantha and 
Phleum phleoides are regularly represented. Species such as Bromus riparius, Carex humilis, C. 
buschiorum, Thymus nummularius, T. collinus, Alchemilla sericata all reach dominance in the 
various forms. 

Steppe communities are concentrated in the Djavakhetic-Armenian highlands and in the southern 
Lesser Caucasus on the lower part of the subalpine belt (below 2100-2200 m) (C46, C47). In 
drier areas grass steppe species together with thorny Astragalus species (Astragalus aureus etc.) 
occur and form a kind of thorn-cushion steppe on stony sites. 

The Caucasian subalpine communities have been assigned to the phytosociological classes in Ta-
ble 10: 
 
Table 10: Assignment of the Caucasian subalpine vegetation to phytosociological classes 

Birch-krummholz forests and maple forests with tall-herb 
communities 

Betulo-Adenostyletea Br.-Bl. et Tx. 1943 
Querco-Fagetea Br.-Bl. et Vlieger in Vlieger 1937 

Rhododendron caucasicum scrub ? Vaccinio-Piceetea Br.-Bl. et al. 1939 

Alpine mesophilous lawns on carbonate-free soils Junceta trifidi Hadac et Klika 1944 
Festucetalia woronowii Tzepkova 1987 

Alpine grasslands with Geum speciosum and Carex pontica Elyno-Seslerietea Br.-Bl. 1948 

Moist to wet meadows (aquiprata) Molinio-Arrhenatheretea Tx. 1937 
Molinietalia Koch 1926 

Mire vegetation Scheuchzerio-Caricetea fuscae (Nordh. 1936) Tx. 
1937 

Meadow steppes and steppes Festuco-Brometea Br.-Bl. et Tx. 1943 

 

Subalpine vegetation is also here subject to heavy anthropogenic influence that includes grazing, 
hay production, timber usage and tourism. Mat grass meadows (Nardus stricta) that have devel-
oped within the range of the former birch forests are the most widespread secondary communities. 
Shortgrass-meadows with elements of alpine meadows (e.g. Sibbaldia parviflora, 
Chamaesciadium acaule, Carum caucasicum, Alchemilla caucasica) represent the last stage of 
degradation by grazing in flat locations. In drier areas, formerly covered by pine and oak forests, 
secondary meadow steppes and steppes have developed. 
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Forest grazing and firewood collection by the population have caused an enormous decline in the 
subalpine forests. Hence the tree line has been lowered by around 200 m (locally 300-400 m) 
compared to the natural (potential) upper limit of the krummholz forests. Restriction of grazing 
and restoration of subalpine forests are therefore matters that require urgent attention. The rem-
nants of subalpine forests should also be protected as rapidly and completely as possible. 
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D Mesophytic and hygromesophytic coniferous and mixed broadleaved-coni-
ferous forests  

Vladislav I. Vasilevic, Udo Bohn, with contributions by Kurt Zukrigl, Odd Vevle & Heinrich 
Wagner 

Characterisation and typological delimitation; geographical distribution 

The formation includes coniferous and mixed broadleaved-coniferous forests/coniferous-
broadleaved forests on dry to wet, and base-poor to base-rich soils in the boreal to the nemoral 
zones as well as in the mountains of the temperate and submeridional zones (see Map 7). 

The conditions underlying the occurrence of natural coniferous forests in Europe are of a climatic 
and edaphic nature. The sclerenchyma-rich needles of conifers are able to survive (except those of 
larch, Larix) for several years. They start photosynthesis as soon as the climatic conditions allow, 
and can also use warmer periods during cold seasons for assimilation. Coniferous trees therefore 
have a competitive advantage over broadleaved forests in areas with a short growth period, i.e. 
in the north and at high locations on mountain ranges. 

Coniferous trees – Picea abies, Pinus sylvestris, Larix europaea and particularly the north-east 
European/Siberian species Picea obovata, Larix sibirica, Abies sibirica and Pinus sibirica – occur 
more frequently and abundantly the more continental the climate is under otherwise comparable 
conditions. More severe winter frosts, a greater risk of late-spring frosts, stronger irradiation due 
to reduced cloud cover, rapid transitions between seasons and the at times greater aridity all 
together convey an advantage to them. Such promotion, however, may also be of only an indirect 
nature, since these factors are generally unfavourable for pests which would otherwise infest the 
conifers (ELLENBERG 1996). 

However, this rule does not apply to all conifers and areas: hence the silver fir (Abies alba), unlike 
the Siberian fir (Abies sibirica), does not prefer continental climates, but it does advance in the 
Alps further into the continental interior than the beech. Abies nordmanniana and Picea orientalis 
in the Caucasus region are restricted to western, more oceanically influenced parts. In the same 
way the genus Taxus has a marked oceanic-suboceanic distribution. 

The more base-poor the soil is, the larger is the role that conifers play (particularly spruce and 
pine) in an otherwise similar climate. This applies particularly to soils that are also wet, e.g. at the 
edge of raised bogs, where spruce and pine, albeit barely, can grow even in oceanic areas almost 
without any competition. Water-logging also favours the root-active fir over broadleaved trees. 

Pines (Pinus sylvestris, P. mugo agg., P. kochiana) on dry (shallow, sandy or gravelly) soils have 
a competitive advantage over spruces and firs. 

All the named site properties inhibit humus decomposition and promote the formation of raw 
humus, which conifers also tolerate better than broadleaved trees. 

Boreal coniferous forests (Map 7: D1-D7, D10, D11) together with the substituting small-leaved 
forests of birches (Betula spp.) and aspen (Populus tremula) form a broad belt in the northern part 
of the forest zone. They verge in the north on tundra as well as on a narrow belt of open birch 
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forests (formations B, C), while in the south they border on deciduous broadleaved forests 
(formation F). 

Boreal and hemiboreal forests occupy the greater part of Fennoscandia. In eastern Europe, 
coniferous forests are distributed more or less contiguously from 52˚ to 69˚ N in the western part 
and from 52˚ to 66˚ N in the eastern part. They continue onwards – with altered tree species 
combinations – beyond the Urals in a broad front to Siberia. On sandy soils and shallow limestone 
soils, pine forests advance in the lowlands of Central and eastern Europe towards the south as far 
as the forest steppe and steppe zones (Map 7: D12a). 

In the higher mountain ranges of the nemoral zone – provided that no pronounced oceanic 
climate prevails there (Pyrenees, Alps, Hercynian mountain ranges, Carpathian Mountains, 
Balkans and Caucasus) – coniferous forests form the upper forest belt. They are then replaced 
higher up by open forests, krummholz scrub, dwarf shrub communities and alpine grasslands 
(Formations B, C). Further down, the proportion of broadleaved trees increases so that they 
usually change via mixed coniferous-broadleaved forests to pure broadleaved forests, or in the 
climatically continental interior of the mountain ranges (e.g. the Alps) they descend into the 
valleys. 

In the Alps, the spruce forest belt occupies an altitudinal belt between (1300)1500 and 
1700(2000) m. Fir forests as a rule lie below that, and only in the western Alps and Pyrenees do 
they reach the altimontane (often termed ‘subalpine’) belt. Higher up, dwarf pine scrub and larch-
arolla pine forests continue on. In the Carpathian Mountains, natural spruce forests form in part a 
large area contiguous belt, that depending on region lies between (920)1100 and 1470(1600) m. 
In the high mountains of the Balkan Peninsula, altitude-zonal spruce and pine forests only occur 
as ‘islands’, and this is where they reach their southern limit in Europe. 

In the western part of the Caucasus, fir-spruce forests are distributed at altitudes between 
1100(1500) and 2000(2200) m; there they form the upper montane forest belt. 

Amongst the hemiboreal mixed broadleaved-coniferous forests there are communities with a 
mixed tree layer, and those where coniferous and decidous broadleaved forests alternate 
depending on site conditions. 

The European hemiboreal mixed broadleaved-coniferous forests occupy the transition zone 
between the boreal coniferous forests (the taiga) and the nemoral broadleaved forests, but still 
belong to the temperate zone. Their range extends from southern Scandinavia, over the eastern 
Baltic and the central Russian lowlands to the Central and Southern Urals (Map 7: D8a, b). 
Corresponding mixed forests occur in the European mountain ranges in transitional belts between 
broadleaved and coniferous forests. 
 
Stand structure, physiognomy and floristic composition  

The coniferous forest formation distributed as it is over various climatic zones and regions from 
the arctic tree line to the mountains of the Mediterranean countries, and from western Central 
Europe to the markedly continental east, obviously shows considerable differences in the species 
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composition and structure of the forests. A relatively species-poor, and even almost single-
species-tree layer in which conifers dominate is common to all units (especially Picea abies, 
replaced by Picea obovata and its hybrids with Picea abies to the north-east and east). 
Transitional forms of these two species occupy an extensive area between the north-west of the 
Russian lowlands and the pre-Uralian region. 

On sandy, very dry or even oligotrophic wet soils (e.g. at the edge of mires), pines predominate, 
particularly Pinus sylvestris. In the Urals and pre-Uralian region additional Siberian conifer 
species (Abies sibirica, Pinus sibirica and Larix sibirica) are represented in the spruce forests, but 
in European Russia these species dominate only seldom in the tree layer (Map 7: D4-D7, D8b). 
The coniferous forests dominated by spruces (Picea abies, P. obovata), Siberian fir (Abies 
sibirica) and Siberian pine (Pinus sibirica) were designated as ‘dark taiga’ by Russian authors, 
while those dominated by common (Scots) pine (Pinus sylvestris) and larches (Larix sibirica) 
were designated as ‘light taiga’ because of their more open tree layer. In the southern part of the 
boreal and in the hemiboreal zone the conifers mix increasingly with broadleaved tree species 
such as Quercus robur, Tilia cordata, Ulmus glabra and Acer platanoides, and in the Central 
European mountains with Fagus sylvatica, Acer pseudoplatanus and Ulmus glabra. In the western 
part of the Greater and Lesser Caucasus the montane fir and spruce forests are formed by Abies 
nordmanniana and Picea orientalis, while in the Alps, Carpathian Mountains and in the 
Hercynian mountains they consist of Picea abies and Abies alba. In the montane coniferous 
forests of the Balkans, Picea abies sometimes combined with Abies alba are the tone-setting 
species. With the mountain range pine forests, Pinus peuce and P. sylvestris dominate in the 
Balkans, and P. kochiana prevails in the Caucasus. 

In the whole distribution area, pioneer tree species such as Sorbus aucuparia, Betula pubescens 
s.l., Betula pendula, Populus tremula, Alnus incana as well as Larix and Pinus species can appear 
more strongly at specific stages of development of the coniferous forests, particularly after fire, 
gale damage and clear felling. 

The tree layer tends to form a usually rather uniform canopy without any marked layering, 
provided that the site conditions are not heterogeneous. In the boreal zone the trees achieve a 
canopy cover of 70-80 % and 20-25 m in height; in the Central European mountains even more. 
Towards the arctic and alpine tree lines, an opening of the stands occurs and groups of trees form 
‘tussocks’, which with the spruce can also grow vegetatively from the rooting of decumbent 
branches. 

A shrub layer is as a rule only poorly developed (mostly less than 10 % cover) and species- poor. 
Species which are involved (apart from those involved in stand regeneration) include Juniperus 
communis, Betula nana, Rosa majalis, R. acicularis, Lonicera pallasii (the latter two in the 
eastern part), Rubus idaeus and Frangula alnus in the boreal lowlands, and Lonicera nigra, L. 
caerulea, Rosa pendulina, Juniperus communis in the mountains, with Frangula alnus and Salix 
aurita at wetter sites. 

The field- and herb-layers in the individual coniferous forest types are particularly 
polymorphous; common characteristics are hard to find for all the mapping units. Generally, 
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holarctic and Eurasian species prevail. In the boreal zone (as with the mountain ranges), the 
species-rich, herb-rich types on nutrient and base-rich sites, e.g. with Melica nutans, Convallaria 
majalis, Hepatica nobilis, Paris quadrifolia, Geranium sylvaticum etc., can be differentiated from 
a more common form dominated by acidophytes, particularly dwarf shrubs, on base- poor, acidic 
sites; the latter also frequently occur in the mountain ranges. Vaccinium myrtillus, V. vitis-idaea, 
Deschampsia flexuosa, Luzula pilosa, Melampyrum pratense, Maianthemum bifolium, Solidago 
virgaurea, Rubus saxatilis and Oxalis acetosella figure among the most widespread, while 
Empetrum hermaphroditum, E. nigrum, Cornus suecica, Listera cordata, Melampyrum 
sylvaticum, Linnaea borealis, Trientalis europaea, Pyrola rotundifolia, P. minor, Goodyera 
repens, Lycopodium annotinum, Huperzia selago represent the particularly characteristic species 
of the formation. Also ferns (Athyrium filix-femina, Gymnocarpium dryopteris, Dryopteris 
expansa, D. carthusiana, D. dilatata, Phegopteris connectilis), horsetails (Equisetum pratense, E. 
sylvaticum) as well as tall herbs (such as Adenostyles alliariae, Aconitum spp., Cicerbita alpina, 
Cirsium heterophyllum etc.) can locally play a greater role on moist and nutrient-richer soils. 

On peaty and mire sites, the field layer is dominated by mire plants – dwarf shrubs, cotton grasses 
and sedges – such as Vaccinium uliginosum, V. oxycoccus, Ledum palustre, Chamaedaphne 
calyculata, Rubus chamaemorus, Eriophorum vaginatum, Carex globularis. 

For Central European montane coniferous forests, *locally also in northern Europe, the following 
species of the herb layer are particularly characteristic: Homogyne alpina, *Luzula sylvatica, 
Calamagrostis villosa, *Athyrium distentifolium, Luzula luzulina, *Blechnum spicant, 
*Thelypteris limbosperma, Melampyrum sylvaticum, and partially (in the south-east) Soldanella 
hungarica, as well as the widespread acid indicators and many of the species already mentioned 
above such as Listera cordata, Lycopodium annotinum, Huperzia selago, Oxalis acetosella, 
Athyrium filix-femina, Gymnocarpium dryopteris etc. 

A well developed moss layer is characteristic for most units, particularly in the acidic and poorer 
types such as Hylocomium splendens, Pleurozium schreberi, Polytrichum formosum, Dicranum 
scoparium, D. polysetum, on moist-acidic sites with Sphagnum angustifolium, S. girgensohnii, 
Polytrichum commune, P. strictum etc. On dry soils, lichens are frequent or even dominant, 
especially Cladina, Cladonia and Cetraria species. 
 
Position in the phytosociological system (syntaxa) 

Up to now there has been no comprehensive, generally accepted and satisfactory system for a 
synsystematical classification of the coniferous forests of Europe. On the one hand, concepts 
applied for the boreal coniferous forests and the nemoral-sub-Mediterranean montane coniferous 
forests differ, while on the other many of the coniferous forest communities of northern and 
eastern Europe have not yet been recorded, defined and compared (to the north-west and Central 
European communities) using the Braun-Blanquet method, so that the common characteristics and 
differences cannot be clearly identified. 

This applies to the Swedish, Finnish and Baltic units, and especially to the Russian and Caucasian 
forest communities. For most of these there are neither published vegetation tables nor useful 
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scientific names. The designation and synsystematic classification of the hemiboreal broadleaved 
and mixed coniferous forests also remains a largely unresolved issue. For other regions such as 
the Carpathian Mountains and the Balkan Peninsula, an excessive number of regional types 
(associations) exist, which can only be included with difficulty into a common system. A 
consistent and comprehensive system does not even exist for the well studied forest vegetation of 
the Alps. The one submitted by MAYER 1984 is the most comprehensive and sensibly, especially 
for the Alps. In this respect only a rough and incomplete survey can be provided, concentrating on 
the Central European/Scandinavian system and its main units. 

A major problem with the classification of the coniferous forest communities in the Braun-
Blanquet system is presented generally by the basiphilous and meso- to eutrophic units – with 
both fir and spruce as well as pine forests – since the acidophilous character species of the class 
and order strongly recede to the benefit of Querco-Fagetea- and Fagetalia species. However, a 
useful approach can be formulated if the dominant tree species initially represent the main 
organising and binding element (corresponding to the situation with broadleaved forests). In this 
respect we would also contend that the herb-rich basiphilous mixed spruce-fir forests in which 
conifers naturally predominate should be assigned synsystematically to the coniferous forests 
(Vaccinio-Piceetea). 

In the following review we have basically followed the approach of OBERDORFER (2001), who 
also included the boreal syntaxa. We have also integrated the reviews for the boreal to the 
hemiboreal regions from KIELLAND-LUND (1981), DIERSSEN (1986) and BJØRNDALEN (1980), and 
those for the Central and south-east European region from EWALD (1997), ELLENBERG & KLÖTZLI 
(1972), ZUKRIGL (1973) and BORHIDI (1971). 

The list encompasses only the most important coniferous forest associations of formation D, and 
no dwarf shrub, scrub or forest communities of formations B, C or T that also belong to the class 
Vaccinio-Piceatea. 

The underlying and consistent principle for classifying the coniferous forest communities – as 
used in the vegetation map of Europe – is firstly 

1) differentiation according to the dominant main tree species – fir, spruce, pine, 

2) the subclassification within each group according to the trophic state, acidity and moisture 
levels of the sites – from strongly acidic to basic, from nutrient-poor to rich, from dry or fresh 
to wet – with the aid of appropriate indicator species, 

3) further subdivision into altitudinal belts as well as climatic sub-zones (e.g. north, central, south 
boreal as well as hemiboreal), and 

4) differentiation into geographic variants (regional associations, races) from north to south and 
west to east, (according to the increasing warmth and continentality of the climate) based on 
geographic character and differential species. 

(The two last aspects – 3 and 4 – are hardly dealt with in this review). 
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Syntaxonomical survey of European coniferous forests 
Vaccinio-Piceetea Br.-Bl. in Br.-Bl. et al. 1939 
Boreal coniferous forests and dwarf shrub heaths 

Cladonio-Vaccinietalia Kielland-Lund 1967 
  Phyllodoco-Vaccinion Nordhagen 1936 

 Boreal subalpine-alpine oligotrophic dwarf shrub heaths and open pine forests 
Cladonio (stellaris)-Pinetum (Cajander 1921) Kielland-Lund 1967 

   Boreal subcontinental lichen-pine forests 
Barbilophozio (lycopodioides)-Pinetum (lapponicae) Br.-Bl. et al. 1939 em. Kielland-Lund 1967 

   Moss-dwarf shrub-pine forests 
Bazzanio-Pinetum Kielland-Lund 1981 
Atlantic moss-dwarf shrub-pine forests 

Dicrano-Pinion (Libbert 1933) Matuszkiewicz 1962 em. Oberdorfer 1979 
Acidophilous moss-dwarf shrub-pine forests and mire forests  

Dicrano-Pinenion Seibert in Oberdorfer 1992 
Acidophilous pine forests and birch forests 

Vaccinio vitis-idaeae-Pinetum Cajander 1921 
Vaccinium vitis-idaea-pine forests 
Empetro nigri-Pinetum (Libbert et Sissingh 1939) Wojterski 1964 
Crowberry-pine forests (on coastal dunes) 
Leucobryo-Pinetum Matuszkiewicz (1962) 1973 
Leucobryum- pine forests 

Piceo-Vaccinienion uliginosi Seibert in Oberdorfer 1992 
Pine forests on bogs and mires 

Oxycocco quadripetali-Pinetum sylvestris Kielland-Lund 1981 
Boreal cranberry-pine forests on bogs 
Vaccinio uliginosi-Pinetum sylvestris De Kleist 1929 em. Matuszkiewicz 1962 
(= Ledo-Pinetum sylvestris Tüxen 1955) 
Bog bilberry-pine forests on bogs 

Piceetalia Paw≈owski in Paw≈owski et al. 1928 
(= Vaccinio-Piceetalia Br.-Bl. 1939 em. Kielland-Lund 1967) 

Linnaeo-Piceion Br.-Bl. et Siss. in Br.-Bl. et al. 1939 corr. Oberdorfer 1979 
North European spruce forests  

Eu-Piceetum abietis (Cajander 1921) Kielland-Lund 1962 
(= Linnaeo-Piceetum (Cajander 1921) Kielland-Lund 1962 em. Dierßen 1996) 
Moss- and fern-rich spruce forests on raw humus in cool-humid climates 
Rubo chamaemori-Piceetum Kielland-Lund 1962 
Boreal spruce forests on peaty soils 
Melico nutantis-Piceetum (Cajander 1921) Kielland-Lund 1962 
Herb- and tall-herb-rich spruce forests on base-rich soils 

Piceion abietis Paw≈owski in Paw≈owski et al. 1928 
Montane spruce-fir- and spruce forests in southern (nemoral and sub-Mediterranean) mountains 

Vaccinio-Abietenion Oberdorfer 1962 
Dwarf shrub-rich spruce-fir forests 

Vaccinio-Abietetum Oberdorfer 1957 
Cowberry-spruce-fir forests 
Luzulo-Abietetum Oberdorfer 1957 
Woodrush-spruce-fir forests 
Calamagrostio villosae-Abietetum Ellenberg et Klötzli 1972 
Small reed-spruce-fir forests 
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Vaccinio-Piceenion Oberdorfer 1957 (= Eu-Vaccinio-Piceion Oberdorfer 1957) 
Dwarf shrub-rich spruce forests 

Calamagrostio villosae-Piceetum (Tx. 1937) Hartmann 1953 ex Schlüter 1969 
Small reed -spruce forests 
Homogyno-Piceetum Zukrigl 1973 
Homogyne alpina-spruce forests 

Hieracio rotundati-Piceetum (Zlatnik 1935) Paw≈. et Br.-Bl. 1939 em. Borhidi 1957 
Hawkweed-spruce forests in east and south Carpathians on siliceous rocks 
Bazzanio-Piceetum (Schmid et Gaisberg 1936) Br.-Bl. et Sissingh in Br.-Bl. et al. 1939 
Peat moss-rich Bazzania-spruce forests 
Sphagno acutifolii-Piceetum abietis (Tüxen 1937) Hartmann 1953 
Peat moss-spruce forests 

Adenostylo-Piceion Borhidi 1969 (= Athyrio-Piceetalia Hada  1962) 
Athyrio distentifolii-Piceetum Hartmann 1959 
Alpine lady fern- spruce forests 
Adenostylo alliariae-Piceetum Zukrigl 1973 
Adenostyles-spruce forests on siliceous rocks 
Chrysanthemo rotundifolii-Piceetum Krajina 1933 em. Borhidi 1957 
Fern- and tall-herb-rich spruce forests in the east and south Carpathians 
Adenostylo glabrae-Piceetum (Wraber 1960) Mayer 1969 
Adenostyles-spruce forests on limestone sites 

Galio rotundifolii-Abietenion Oberdorfer 1962 
Herb-rich mixed spruce and fir forests on base-rich soil 

Galio rotundifolii-Abietetum Wraber 1955 ex 1959 
Bedstraw-fir forests 
Pyrolo-Abietetum Oberdorfer ex Stoffl. 1955 
Winter green-fir forests 
Adenostylo glabrae-Abietetum Mayer et Hofmann 1969 
Adenostyles mixed spruce-fir forests on carbonate rocks 

Pulsatillo-Pinetea (E. Schmid 1936) Oberdorfer in Oberdorfer et al. 1967 
Pulsatillo-Pinetalia Oberdorfer apud Th. Müller 1966 

Cytiso ruthenici-Pinion Krausch 1962 
(Boreal-) subcontinental steppic pine forests 

Pyrolo-Pinetum E. Schmid 1936 
Winter green-pine forests 
Peucedano-Pinetum Matuszkiewicz (1962) 1973 
Subcontinental Hog’s fennel-pine forests 
Melico nutantis-Pinetum Marker 1969 
(incl. Seslerio-Pinetum, Convallario-Pinetum Bjørndalen 1980) 
Hemiboreal herb- and grass-rich pine forests on shallow soil on carbonate rocks 

 
 

Macroclimatic factors 

The climate of the coniferous forest regions is characterised by a short and cool vegetation period, 
by snow-rich and long-lasting winters and especially by the surplus of precipitation over 
evaporation. This humidity has led to a partial wetting and paludification of the areas. 

Boreal coniferous forests occupy areas that are restricted to a July isotherm of between 14 and 
18 °C. North of the July isotherm of 10 °C, no trees grow anymore (PARMUZIN 1985). For major 
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parts of the distribution area of boreal coniferous forests, a high humidity is typical. The radiation 
balance amounts to between 20 and 35 kcal/cm²/year, and the sum of the annual solar radiation 
corresponds to 80-94 kcal/cm² (PROTOPOV 1975). 

With the increase in continentality and the shortening of the vegetation period, the participation of 
coniferous tree species increases (ELLENBERG 1996), since both factors contribute to the decrease 
in competitiveness of broadleaved tree species. 

In areas with short and cool summers, coniferous forests are substantially more productive than 
broadleaved forests, since evergreen woody plants/trees can keep photosynthesis going during 
cool prevernal and late autumnal periods, and they also have a lower respiratory activity (DYLIS et 
al. 1964). 

In the Central and southern European mountain ranges, spruce forests colonise mainly the 
altimontane (also known as subalpine) belt, which depending on geographic location, exposure 
and substrate can lie between (900)1100-1400 m (Hercynian mountain ranges) and (1200)1500-
1600(2300) m (Alps, south European mountain ranges). However, in cold-air depressions (‘cold-
air lakes’) they can also occur further down, in the same way that they do in the continental inner 
Alps. OBERDORFER (1957) observed an insularisation and impoverishment of spruce-rich 
coniferous forests towards the Atlantic west. 

In the central Alps, a marked zoning is recognisable: in the most continental valleys with annual 
precipitation of around 600 mm and relatively high summer temperatures (e.g. Valais, Engadin, 
Vinschgau), even the spruce stays away and makes way for pines (Pinus sylvestris, P. uncinata, P. 
cembra). With decreasing continentality, the spruce dominates unchallenged in the valleys, while 
in the transitional region to the oceanic ‘Randalpen’ (Zwischenalpen) it is accompanied by fir and 
towards the margins increasingly also by beech (MAYER 1974). 

Mixed fir forests occur as a rule in the montane belt below the spruce forests and can also under 
suitable substrate and climatic conditions go down to the colline belt. In the western Alps, 
Pyrenees and south-east European mountain ranges (Albania) they also reach the altimontane belt. 

Because of the wide range of climatic conditions for coniferous forests in the mountain ranges, no 
universally valid climate data can be given. 
 
Site conditions 

The climatic conditions in the boreal zone cause a leaching of the soil and its podzolisation. 
Aluminium-iron-podzols with a strongly acid soil reaction and a low base content are typical for 
the coniferous forests here. In forests with a well developed herb layer, and with admixtures of 
broadleaved trees species in the tree layer, the soils are richer in nutrients; they correspond to 
podzolic brown earths as well as pale earths (Dystric Cambisols, Eutric Podzoluvisols) and also 
rendzinas on carbonate rocks (Rendzic Leptosols) or base-rich brown earths (Eutric Cambisols). 

Regarding the total amount of organic substance, coniferous forests do not differ considerably 
from boreal broadleaved forests. RODIN & BAZILEVIC (1965) state 50-350 t/ha for coniferous 
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forests and 150-300 t/ha for broadleaved forests, whereby the green assimilation organs (leaves of 
the tree and shrub species as well as the herb and moss layers) in broadleaved forests with 1.5-3% 
of the entire biomass represent on average half that of the coniferous forests. 

Spruce forests form the climax communities on relatively fresh to moist and base-richer soils; 
Pinus sylvestris prevails on base-poor and dry, sandy to gravelly soils as well as on shallow rock 
sites. Wood cutting/logging and forest fires favour the spreading of pines in sites initially 
occupied by spruce. Pine forests represent replacement communities here. 

In the Russian lowlands, mixed broadleaved-coniferous forests are restricted to slopes and river 
valleys as well as to richer and well drained soils. On carbonate soils, broadleaved tree species 
and their accompanying herbs are more common and can even attain dominance. 

On sites with high groundwater level peat formation is starting, a moss layer with Polytrichum 
commune, Sphagnum girgensohnii and to a lesser extent Sphagnum angustifolium and S. fallax is 
present. On seeping water soils one finds forests with a well developed herb layer in which 
Equisetum sylvaticum, Filipendula ulmaria, Caltha palustris, Calamagrostis canescens and 
Phragmites australis are frequent. 

In the Central and southern European mountain ranges, coniferous and coniferous-broadleaved 
forests occur on various substrates with suitable climates. Typical podzols in the coniferous 
forests occur here only on base-poor rocks. Otherwise semipodzols, brown earths, brown loams, 
rankers and rendzinas, which usually have a acidic humus layer of varying thickness, can also be 
found. At the climatic borderline of coniferous forests (Zwischenalpen), the substrates determine 
the distribution of the forest communities: on poor, acidic, dry or moist, cold soils support 
coniferous forests while base-rich, warmer, better aerated soils bear mixed coniferous-
broadleaved forests with beech (MAYER & ZUKRIGL 1975). 
 
State of preservation, land use, substitute communities; nature conservation 

The range of the boreal coniferous forests and the hemiboreal mixed broadleaved coniferous 
forests has already been used since early times over wide areas for intensive agriculture and 
forestry. 

Before the start of human exploitation, coniferous forests prevailed everywhere in the boreal zone, 
except on raised bogs and in river flood plains where broadleaved forests and scrub also belonged 
to the natural vegetation. Forest fires, wood cutting/logging and clearings gradually led to a 
considerable reduction in of the area covered by coniferous forests. Birches (Betula pendula, B. 
pubescens) and aspens (Populus tremula) spread out on clearings. This led to secondary, small-
leaved deciduous forests distinguished from the primary coniferous forests by their more 
favourable light regime and a more base-rich leaf litter. Correspondingly, the secondary deciduous 
forests are characterised by a more luxuriant herb layer with a significant proportion of fringe and 
meadow plants. On the other hand, the moss layer in these forests is much more weakly developed 
since the moss growth is inhibited by the broadleaved litter, a closed herb layer and a higher and 
denser shrub layer. 
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If the spontaneous spruce rejuvenation is maintained and a sufficient supply of seeds is 
guaranteed, it results in a relatively quick conversion of pioneer broadleaved forests into spruce 
forests. Recently, however, large-area clearcuts or burnt surfaces have arisen upon which the 
young spruce growth has been destroyed completely and the soil cover including the humus bed 
has been removed to a very large extent. Since under these conditions spruce seedlings are 
completely absent from large areas, regeneration of spruce forests is complicated and at best most 
uncertain. 

On abandoned arable fields and meadows, grey alder forests (Alnus incana) with their own unique 
type of herb layer often arise since alder enriches the soil with nitrogen. 

In the Central, southern and south-east European mountain ranges, the use of timber and forest 
grazing has played an important role in the coniferous forest belt for a long time. Large areas on 
hillsides and in valleys were cleared in order to establish meadows and pastures, and today they 
are covered by grassland or dwarfshrub communities. In some regions ‘larch-meadows’ 
developed and became characteristic features of the landscape that have proved very attractive for 
recreational purposes. On fallow agricultural areas, reforestation is often pioneered by the grey 
alder (Alnus incana), and at high altitudes by the green alder (Alnus alnobetula = A. viridis). 

The clear-felling industry in combination with increased browsing by game animals has largely 
destroyed and pushed back the fir so that its natural participation in the forest canopy can often 
only be roughly estimated from historical sources and pollen analyses. 

In more recent times, considerable incursions into the forests has been made due to the 
construction of forest roadways, ski runs and cable car routes for tourism, which have negatively 
affected the water balance and the stability of the slopes. 

Montane to subalpine forests have important functions in protecting against soil erosion, 
avalanches and rockfalls, in providing an equilibrated water balance, for the livelihood of 
settlements and traffic routes in the mountains. Apart from the alpine and subalpine belt, the 
coniferous forest belt here – in avalanche–protection-forests and at inaccessible places – still 
constitutes the parts of nature that are the least influenced by man. These remnants are of great 
importance for nature conservation, especially as a habitat for rare and threatened animal species 
(grouses, brown bear, lynx, wildcat, woodpeckers) as well as for the preservation of fir that 
regionally is already under considerable threat. 
 
Classification into subunits 

Within the coniferous and mixed broadleaved-coniferous forests, a subclassification is first made 
into the mainly zonal (and altitudinally-related) spruce and fir forests, the so-called ‘dark taiga’ 
(D.1 to D.4 in the overall legend as well as D1 to D9 in the general map), and the so-called ‘light 
taiga’ of the Russians (D.5 and D.6 in the overall legend), the more translucent pine forests that 
are widely distributed on the more extreme sites (oligotrophic sand, peaty soils as well as shallow 
soils on rock sites, D10 to D12 in the general map). 

The spruce and fir forests are arranged from north to south in several parallel running zones and 
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sub-zones: north, middle and south-boreal coniferous forests, hemiboreal mixed broadleaved-
coniferous forests as well as nemoral montane coniferous forests. 

With the boreal coniferous forests, a further subdivision has been made into the west-boreal 
spruce forests (subformation D.1) and the east boreal pine-spruce and fir-spruce forests with 
predominating Siberian tree species (D.2). The pine forests are also zonally subdivided and 
arranged from north to south. Because they are poor in species and have a uniform structure they 
cannot be so clearly differentiated zonally, and on oligotrophic and dry sites they extend much 
further south into the nemoral zone. They are organised into three zonal subgroups: 1) the 
northern boreal, 2) the middle and southern boreal to hemiboreal and 3) the nemoral pine forests, 
whereby the last two subgroups can be differentiated into two altitudinal belts. 
 
D.1 Western boreal spruce forests (Picea abies, P. obovata, Picea abies x P. obovata), 

partly with Pinus sylvestris, locally with birch (Betula pubescens s.l., B. pendula), 
alder (Alnus incana) or mixed forests 

The western boreal coniferous forests occupy a broad belt in the north of the European forest 
zone; further to the north they cross over into the tundra zone (B). In the European part of Russia 
they are separated by a narrow belt of open forests (subformation C.1, forest tundra) from the 
tundra, while in the Scandinavian mountains birch forests border to the north (C.2, Betula 
pubescens subsp. czerepanovii). In the south they verge on the hemiboreal mixed broadleaved-
coniferous forests (D.3) of the northern temperate zone. 

Climatically, the area of the western boreal coniferous forests is restricted to between the July 
isotherms of 14 and 18 °C; the average seasonal temperature ranges from -3 to 6 °C. The soil 
development is characterised by more or less strong podzolisation, and at sites near groundwater 
by peat formation and gleying. Forested as well as open mires occupy a large portion of the boreal 
zone (often 30-40 %). 

In the forest stands Picea abies dominates in the west and the mainly Siberian P. obovata together 
with hybrids of the two tree species prevail in the north-east of the range. 

Division into the three sub-zones of the northern, middle and southern boreal is above all 
climatically based, but their delimitation is also based on floristic, phytogeographical and 
ecological features (different plant communities and community complexes as well as stand 
structures). The boundaries between the sub-zones are however indistinct and fluid; opinions also 
differ between Fennoscandian and Russian scientists regarding their characterisation and 
delimitation which in Russia has presumably led to a more southern displacement of the sub-
zones, and has complicated attempts at harmonising knowledge between the West and the East 
(Fennoscandia and Russia). 

AHTI et al. (1968) concluded from their comparative studies of the Fennoscandian and Russian zonal divisions of the boreal 
vegetation, that the northern taiga of Russia can be united with the northern and middle boreal zone of Fennoscandia, that the 
central taiga corresponds to the southern boreal zone, and that the southern taiga corresponds to the hemiboreal zone of 
Scandinavia. The extent to which this might be true, however, could still not be clarified and in any case requires more 
precise analysis of the underlying features. We have accepted the ideas of both of these schools of thought in the zonal 
assignment of the mapping units. 
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A further obvious difference between the mapping units of Sweden and Finland compared to Russia was that more and 
smaller sized complex areas were charted by the Russian authors, whereas in Finland and Sweden (except for the mire units) 
large areas predominate, consistent with the locally dominant forest vegetation. However, the mapped and delineated 
polygons always pertain to complexes formed by forests on dry and moist mineral soils, anmoor and mire soils as well as 
small-sized open mires and lakes. 

The eastern border of the western boreal coniferous forests is marked by the replacement of the 
European spruce (Picea abies) by Siberian tree species (Picea obovata, Abies sibirica, Larix 
sibirica and Pinus sibirica). Their west to east differentiation according to the increasing 
continentality of the climate (see Figure 9 in AHTI et al. 1968) is only partly expressed in the 
mapping units. The local occurrence of Siberian tree species (e.g. Larix sibirica) and units within 
the western boreal spruce forests is displayed in the small-scale vegetation map (1:2500000) with 
the use of coloured markings. 
 
D.1.1 Northern boreal types 

Geographical distribution 

The northern boreal spruce forests form a broadening belt towards the east, between 60˚ and 
69˚ N. They cover larger areas in northern Fennoscandia, on the Kola Peninsula, in northern 
Karelia and in the north Russian lowlands and extend to the south-western base of the Polar Urals. 
A narrow belt of eastern boreal open forests with Picea obovata (C.1) follows in European Russia 
as a transition to the southern arctic tundra. 
 
Climate, site conditions 

Low summer temperatures and a considerable water surplus has led to waterlogging and to a 
large-scale development of gley podzols and peat soils which are especially typical for the 
northern boreal forests. 

Permafrost conditions east of the river Mezen have aggravated the effect of soil moisture. The 
root systems of the trees can only utilise a thin layer of the upper soil under these conditions, 
which has led to the formation of open stands. Drier forms are associated with well drained and 
better warmed sites: particularly subglacial sediments such as eskers (oser) and drumlins and 
ridges of terminal moraine, and in the east particularly on elevated interfluves. 
 
Stand structure, floristic composition 

The northern boreal spruce forests are characterised by reduced growth, a reduced canopy closure 
and a low timber yield. The average height of spruce in mature stands amounts to only 15-17 m. 
In general one can find quite pronounced admixtures of birch (particularly Betula pubescens 
subsp. czerepanovii), presumably due to the open tree layer. Because of their limited productivity 
(site class IV-V), the spruce is of relatively minor economic value. 

Under the special site conditions, species occur also on non-paludified sites in the dwarf-shrub-
rich field layer that in more southern areas are associated only with mires or anmoor forests (e.g. 
Ledum palustre, Betula nana, Vaccinium uliginosum, Rubus chamaemorus). 
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There are only a few species specific to the northern boreal sub-zone, especially those with their 
main area of distribution in the tundra zone: Loiseleuria procumbens, Phyllodoce caerulea and 
amongst the lichens Nephroma arcticum. In the west, Calluna vulgaris plays a larger role in the 
dwarf shrub layer. The shrub layer is not usually very well developed in the northern boreal 
spruce forests, but on dry sites Sorbus aucuparia, Juniperus communis and Rosa acicularis (a 
Siberian species extending to Finland in the west) occur, while in wet forests the shrub layer 
consists of Betula nana, Salix lapponum and S. phylicifolia. 

In stead of natural spruce forests, birch forests arise as pioneer vegetation after forest fires and 
clear-cutting. 
 
Mapping units 

The northern boreal zone contains three mapping units of spruce forests (D1 to D3). Unit D1 is 
the most widespread: from the eastern slopes of the Scandinavian mountains to the north Russian 
lowlands with strongholds in Fennoscandia. Their tree layer is dominated in the west 
(Scandinavia) by Picea abies and in the east (from Lapland and Finland) by Picea obovata and P. 
abies x P. obovata. The unit is characterised by a high proportion of dwarf shrubs, an abundance 
of mosses and regular alternation with moist to anmoor pine and spruce forests as well as aapa 
mires. 

The corresponding unit on mainly dry sites is represented by D2. It occurs mainly in northern 
Russia (from the Kola Peninsula to the Urals), and its tree layer consists of eastern boreal spruces 
(Picea obovata, P. abies x P. obovata). In the undergrowth, dwarf shrubs (Vaccinium myrtillus, 
Empetrum hermaphroditum), mosses and lichens (Cladina-species) dominate. Oligotrophic mire 
plants (Ledum palustre, Vaccinium uliginosum), boreal species like Rubus arcticus and Cornus 
suecica as well as soil moisture indicators (Equisetum sylvaticum, Carex globularis) are 
characteristic. 

In the well developed moss layer, Hylocomium splendens and Pleurozium schreberi dominate, as 
well as Dicranum scoparium, D. fuscescens and Polytrichum commune. Lichens, particularly 
Cladina rangiferina, C. stellaris and C. mitis as well as Nephroma arcticum play an important 
role. Similar forest communities are widespread in northern Finland and northern Sweden. Forms 
with Geranium sylvaticum and Gymnocarpium dryopteris are rare and bound to more nutrient-rich 
soils. They are found in northern Finland, on the Kola Peninsula and in northern Karelia. In the 
northern part, lichen-pine forests with dominant shrub-lichens occur on shallow soil on rocky sites 
(Cladina arbuscula, C. rangiferina, C. stellaris). 

Unit D3 occurs mainly on very wet and paludified sites with peat-moss-birch-spruce forests with 
Polytrichum commune, Sphagnum girgensohnii, S. angustifolium and S. russowii as well as 
Ledum palustre and Carex globularis. Such forest types can be found as far as the southern taiga, 
but in the north they show certain peculiarities. The unit extends from Karelia to the Urals with a 
clear stronghold in north-east Russia. In addition to Picea obovata, a high proportion of Betula 
pubescens – mostly as the subspecies B. pubescens subsp. czerepanovii – occurs in the tree layer. 
On seeping water soil with a better nutrient supply one finds horsetail-peat moss-spruce forests 
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with Equisetum sylvaticum dominating. Compared to the more southern forms they contain much 
Rubus chamaemorus as well as Cornus suecica. For the northern boreal sub-zone, dwarf-birch-
peat-moss-spruce forests are characteristic, and occupy considerable areas. They have dominating 
Betula nana as well as Salix lapponum and S. phylicifolia in the shrub layer. 
 
D.1.2 Middle boreal types 

Geographical distribution 

The middle boreal spruce forests spread out eastwards as an interrupted belt between 58,5˚ and 
67˚ N from the Scandinavian Peninsula via southern Finland and south Karelia to the western Ural 
foothills. The middle boreal spruce forests compared to the northern and southern boreal spruce 
forests occupy the largest area with strongholds in the northern Russian lowlands. 
 
Climate, site conditions  

For middle boreal forests, moderately warm and moist summers as well as cold, snow-rich winters 
are characteristic. Although the middle taiga is subject to a humidity surplus in the summer, the 
groundwater table falls more than it does in the north, and the soil moisture is considerably lower. 
The middle boreal spruce forests are mainly associated with flat interfluvial plains covered with 
glacial and fluvioglacial sediments. On these substrates, podzolic and sometimes also wetted soils 
have developed. 
 
Stand structure, floristic composition 

The middle boreal spruce forests represent the typical boreal forest vegetation. They are 
characterised by a well developed, and usually one-species tree layer, consisting of Picea abies, P. 
abies x P. obovata and/or P. obovata with a canopy cover of 70-80 % and a site class of II-IV; the 
average height of fully-grown spruces is 18-20 m. The shrub layer is absent or only weakly 
developed. Juniperus communis and Sorbus aucuparia are the most frequent, as they are in the 
northern boreal forests. In the western part of the sub-zone Rosa majalis also occurs as a 
constituent of the understorey, while in the east beyond St. Petersburg the Euro-Siberian shrubs 
Rosa acicularis and Lonicera pallasii occur. In the dwarf-shrub-rich herb layer both subarctic and 
nemoral species are absent, so that the middle boreal forests are the most floristically 
impoverished. 
 
Mapping units 

The middle boreal spruce forests contain three complex mapping units (D4 to D6), in which Picea 
abies in the west and Picea obovata in the east as well as hybrids of the two species form the 
forest stands. 

D4 is the most widely and widespread distributed unit. It extends from southern and western-
Scandinavia via Finland to the western Ural foothills and occurs mainly on dry sites of varying 
trophy. 
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Unit D5 occurs mainly on moist to wet, sometimes peaty sites and is charted exclusively in the 
north Russian lowlands, mainly on its eastern side. Correspondingly, the eastern spruce species 
forms the forest stands here. 

D6 represents a vegetation complex consisting of spruce forests of dry and moist to wet as well as 
peaty sites. Their distribution is also restricted to northern Russia, i.e. to the western and middle 
parts of the lowlands. Correspondingly, depending on location, both western and eastern spruce 
species can achieve dominance. 

On the drier sites, i.e. well drained hills and plateaux, bilberry spruce forest is the dominant and 
characteristic forest community of the middle taiga. Its canopy closure reaches 70-80 %. In the 
tree layer the spruce dominates (in the west Picea abies, in the east P. obovata), while birch, pine 
and aspen occur as admixed tree species. Forest rejuvenation is usually started with the spruce. 
Sorbus aucuparia regularly appears in the undergrowth, and more rarely Juniperus communis and 
other shrubs. 

In the dwarf-shrub-rich herb layer (30-40 % cover), the bilberry (Vaccinium myrtillus) 
predominates and is accompanied by other permanent species: Vaccinium vitis-idaea, 
Deschampsia flexuosa, Luzula pilosa, Linnaea borealis, Maianthemum bifolium, Trientalis 
europaea. In addition to Vaccinium myrtillus other frequent species include Melampyrum 
pratense, Rubus saxatilis and Gymnocarpium dryopteris. 

The mean cover of the moss layer is about 50 %. In addition to Pleurozium schreberi other 
regularly occurring species include Hylocomium splendens, Dicranum scoparium and D. 
polysetum. Bilberry-spruce forests grow mainly on loamy-sandy, more or less strongly podzolic 
soils (iron-humus-podzols). On drier and poorer soils, small cranberry-spruce forests occur in 
which Vaccinium vitis-idaea communities dominate. On richer and moister, but well drained soils, 
fern-rich developments with abundant Gymnocarpium dryopteris and Oxalis acetosella as well as 
Calamagrostis arundinacea, Rubus saxatilis and Solidago virgaurea grow. 

In wet hollows and at the edges of raised bogs, spruce forests are found with abundant peat 
mosses (Sphagnum girgensohni and more rarely S. angustifolium, S. russowii) and Polytrichum 
commune in addition to Carex globularis and dwarf shrubs. Their soils often have a 20-30 cm 
thick peat layer. On seeping moist and base-rich soils, horsetail-peat moss spruce forests with 
abundant Equisetum sylvaticum have developed. Further typical species include Dryopteris 
carthusiana, Oxalis acetosella, Solidago virgaurea and Viola palustris. 

The middle boreal forests are of considerable economic importance and for this reason have been 
cleared in many places and replaced by secondary birch and aspen forests or grasslands. 
 
D.1.3 Southern boreal types 

Geographical distribution 

The southern boreal spruce forests extend from southern and western Scandinavia via southern 
Finland to the central Russian lowlands where they achieve their greatest cover and transform into 
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the eastern boreal coniferous forests (cf. D3 in the general large-scale map). In Fennoscandia the 
range extends from 59˚ to 64˚ N, while in Russia it ranges between 57˚ and 60˚ N. 
 
Climate, site conditions  

The southern boreal sub-zone differs from the middle boreal zone in that it has a milder climate 
and a longer vegetation period that favours the growth of forests and does not lead to a general 
wetting. The soils are in general only weakly podzolic. Almost the whole area was glaciated 
during the last ice-age and for this reason it shows a rough and well structured glacial 
accumulation relief. 
 
Stand structure, floristic composition 

The stands of southern boreal coniferous forests are dominated by Picea abies in the west and 
Picea obovata and transitional forms in Russia, whereby Betula pendula, B. pubescens and/or 
Populus tremula occur to a small extent as admixtures. The spruce here has mainly a site class of 
II. 

The shrub layer is very open in most cases. In addition to the widespread Sorbus aucuparia one 
can also find the nemoral shrubs Corylus avellana, Lonicera xylosteum and Daphne mezereum. In 
the field layer herbs predominate over dwarf shrubs. 

The northern limits of many nemoral broadleaved tree species run through the area of the southern 
taiga: Tilia cordata, Acer platanoides, Ulmus glabra, Quercus robur. These species occur in 
warmer locations and on nutrient-rich soils under the shelter of spruce forests, as do demanding 
nemoral herbs such as Anemone nemorosa, Asarum europaeum, Galium odoratum, Lamium 
galeobdolon, Stellaria holostea, Pulmonaria obscura, Hepatica nobilis etc. Unlike the middle 
boreal forests the moss layer is more sparse, but is still dominated by Pleurozium schreberi and 
Hylocomium splendens, although Rhytidiadelphus triquetrus also occurs. 

However, on oligotrophic, cool and wetted soils, southern (nemoral) floral elements are absent; 
the forests here display lower growth activity and differ otherwise only little from the middle 
boreal moss-rich coniferous forests. 

In the southern boreal zone the ecological and floristic differences are clearer between the western 
and eastern areas than they are between the middle and northern taiga, which presumably is 
related to the more strongly oceanic climate in the west than in the east. In the east, various 
nemoral shrubs and herb species disappear, and Uralian-Siberian species such as Actaea 
erythrocarpa, Crepis sibirica, Clematis alpina subsp. sibirica, Cacalia hastata, Lactuca sibirica, 
Delphinium elatum and Diplazium siberianum occur in their place. 
 
State of preservation, substitute communities 

Near-natural stands of southern boreal spruce forests are preserved only in comparatively small 
areas; they have often been replaced by grasslands, crop fields and settlements. After clear-
cutting, birch and aspen often appear in pioneer types of forest so that in the central Russian 
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lowlands, birch and aspen forests occupy large areas. In western areas the spruce forests are often 
replaced by Alnus incana stands. 
 
Mapping units 

The southern boreal spruce forests are divided into two mapping units: the unit D7 distributed in 
southern Norway and southern Finland with dominant moss and dwarf-shrub-rich spruce forests 
without demanding nemoral herb species, and the unit D8 distributed from central Russia to 
western Norway with more demanding Oxalis and Melica nutans spruce forests often with 
nemoral tree, shrub and herb species (e.g. Tilia cordata, Corylus avellana, Hepatica nobilis). The 
Oxalis-spruce forest forms the ecophysiological optimum habitat for the spruce. The canopy cover 
reaches 70-80 % here, and its site class is I. Here as well the spruce is joined regularly by Betula 
pendula, and more seldom by Populus tremula or Pinus sylvestris, and on richer sites Tilia 
cordata, Acer platanoides and Ulmus glabra. The woody understorey is in most cases relatively 
well developed (cover is not seldom 10-20 %). In the herb layer Oxalis acetosella prevails 
(coverage up to 90 %). Vaccinium myrtillus, Calamagrostis arundinacea, Dryopteris carthusiana, 
Rubus saxatilis, Solidago virgaurea, Maianthemum bifolium and Trientalis europaea also occur 
with a high frequency. The moss layer is usually sparse (cover is usually less than 20 %). 
Pleurozium schreberi and Hylocomium splendens are common mosses, and Rhytidiadelphus 
triquetrus and Dicranum scopariummore rare . 

Fern-rich spruce forests are frequently found in the southern boreal zone. On intermediate sites 
Dryopteris carthusiana and D. dilatata dominate, while on richer and moister sites Athyrium filix-
femina dominates, often accompanied by Crepis paludosa, Circaea alpina, Stellaria nemorum, 
Chrysosplenium alternifolium, Geranium sylvaticum, Rhytidiadelphus triquetrus and Mnium 
medium. In the southern-taiga there are frequent spruce forests with demanding nemoral shrubs 
and herbs: Corylus avellana, Lonicera xylosteum, Daphne mezereum, Stellaria holostea, Asarum 
europaeum, Hepatica nobilis, Pulmonaria obscura, Viola mirabilis, Galium odoratum, 
Aegopodium podagraria, Ranunculus cassubicus, Lathyrus vernus, Mercurialis perennis. 
 
D.2 Eastern boreal pine-spruce (Picea obovata, Pinus sibirica) and fir-spruce forests (Picea 

obovata, Abies sibirica), partly with Betula pubescens s.l., and Larix sibirica 

The tree layer of the eastern boreal coniferous forests consists of Siberian conifer species that 
spread over the Urals to a varying extent into its western foothills. Those that reach furthest to the 
west (until Karelia and northern Finland) include Picea obovata, followed by Larix sibirica and 
Abies sibirica, while Pinus sibirica penetrates the least into the western parts (cf. JALAS & 

SUOMINEN 1988, maps 159, 162, 151, 176). Also in the shrub and herb layer, many Uralian-
Siberian species occur in addition to widely distributed boreal species. 

The western limit of these forests runs along the upper course of the Pechora, extends beyond the 
Vychegda river above the city of Syktyvkar and proceeds along and a little beyond the Vetluga 
river almost to the Volga near Kazan. The southern limit runs north of the Volga and Kama to 
Perm and then north of the river Chusovaja through the Central Urals. 
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The eastern boreal coniferous forests are also subdivided into northern, middle and southern 
boreal lowland-colline forms as well as into submontane-montane Uralian units. 
 
D.2.1 Lowland-colline types 

2.1.1 Northern boreal types 

The northern boreal hygrophilous pine-spruce-forests (D9) occur at the western foot of the 
Northern Urals along the Pechora river. They are associated mainly with loamy-sandy gley-
podzols and peat-podzol-gley soils. 

Their tree canopy is open (canopy cover 40-60 %) with dominant Picea obovota, regular 
admixtures of birch (Betula pubescens s.l.) and to a lesser extent Pinus sibirica (occasionally 10-
20 %). The open and species-poor woody understorey consists of Sorbus aucuparia subsp. 
sibirica, Juniperus communis and Rosa acicularis, and locally also Betula nana and the Siberian 
Alnus fruticosa. 

Dwarf-shrubs prevail in the herb layer: Vaccinium myrtillus, V. uliginosum, Ledum palustre, 
Chamaedaphne calyculata and Empetrum nigrum, while Equisetum sylvaticum, Carex globularis 
and Rubus chamaemorus are also frequent. Siberian species do not play any important role in the 
herb layer. The moss layer consists of Polytrichum commune, Sphagnum angustifolium, S. 
russowii and other peat mosses. 
 
2.1.2 Middle boreal types  

The distribution area of the middle boreal pre-Uralian coniferous forest (D10, D11) is in the upper 
parts of the headwaters of the Pechora, Vychegda and Kama. They colonise watersheds and wet 
lowlands in the low colline Ural headlands and occur on typical podzols and gley-podzols. 

Their tree layer consists mainly of Picea obovata and Abies sibirica, and on moist sites Pinus 
sibirica and Larix sibirica. In addition to widespread species such as Sorbus aucuparia and 
Juniperus communis one can also find Siberian elements such as Sorbus aucuparia subsp. 
sibirica, Rosa acicularis, Lonicera pallasii in the undergrowth. 

The spruce forests with Vaccinium myrtillus, Linnaea borealis, Maianthemum bifolium, 
Vaccinium vitis-idaea, Luzula pilosa, Orthilia secunda represent the dominant type (D10). Its 
herb- and moss layer correspond largely to that of the north European middle boreal forests. The 
moist types (D11) contain numerous humidity- and moisture indicators in the herb- and moss 
layers: Calamagrostis langsdorffii, Equisetum palustre, E. sylvaticum, Filipendula ulmaria and 
mire plants. 
 
2.1.3 Southern boreal type 

The southern boreal pre-Uralian fir-spruce forest (D12) continues on further to the south and 
reaches furthest to the west in the central Russian lowlands. They are associated with podzolic, 
loamy-sandy and loamy soils. 



Formation D Map of the Natural Vegetation of Europe 
 

184  

The tree layer is formed by Picea obovata with a strong contribution of Abies sibirica. The shrub 
layer is well developed and species-rich. It contains nemoral species such as Tilia cordata, 
Lonicera xylosteum and Viburnum opulus (these differentiate the southern taiga from the middle 
taiga), as well as Frangula alnus, Rosa acicularis and R. majalis. 

The herb layer has a high degree of coverage and is species-rich. It consists of typical species of 
boreal forests (Oxalis acetosella, Vaccinium myrtillus, Maianthemum bifolium, Trientalis 
europaea, Linnaea borealis, Dryopteris carthusiana, Gymnocarpium dryopteris) as well as 
nemoral elements (Dryopteris filix-mas, Aegopodium podagraria, Lathyrus vernus, Asarum 
europaeum, Pulmonaria obscura, Stellaria holostea). For these eastern boreal forests, Uralian-
Siberian tall herbs are also characteristic (Cacalia hastata, Bupleurum longifolium subsp. aureum, 
Crepis sibirica, Delphinium elatum). 
 
D.2.2 (Submontane-)montane (Uralian) types 

The Uralian pine-spruce and spruce-fir forests (D13, D14) occur mainly at the western slopes of 
the Urals where precipitation is high. In the Northern Urals they extend to the bases of the 
mountains. The upper altitudinal limit of their distribution lies at about 1000 m. 

The montane coniferous forests of the Northern and Central Urals is distinguished from the 
lowland-colline types by the greater abundance of Siberian pine and fir as well as by the higher 
proportion of herbs and fern-rich developments. 

In the Northern Urals the spruce clearly dominates in the coniferous forests. Spruce forests with a 
closed moss layer of Pleurozium schreberi and Hylocomium splendens are widespread here 
(D13). The open tree layer has a site class of IV, and less often V. The cover of the shrub layer is 
small, and consists of isolated specimens of Sorbus aucuparia subsp. sibirica, Juniperus 
communis and Rosa acicularis. In the herb layer, Vaccinium myrtillus dominates while 
Deschampsia flexuosa, Lycopodium annotinum, Linnaea borealis, Empetrum nigrum and 
Vaccinium vitis-idaea appear quite regularly. 

On richer soils the Siberian fir (Abies sibirica) predominates in the tree layer. In the herb layer, 
Oxalis acetosella, Gymnocarpium dryopteris, Dryopteris dilatata, Aconitum lycoctonum subsp. 
lycoctonum and the Siberian Geranium albiflorum are characteristic. 

On shallow soils on steep slopes and on ridges the Siberian pine (Pinus sibirica) often dominates 
in the tree layer. Lichens occur (Cladina stellaris, C. arbuscula, Peltigera aphthosa) more often, 
but play only a smaller role compared to the mosses. The cranberry (Vaccinium vitis-idaea) is 
usually the dominant species in the herb layer, and Empetrum nigrum and Vaccinium uliginosum 
are regularly present. In open stands, species of mountain tundra occur (Phyllodoce caerulea, 
Arctostaphylos alpinus). 

The spruce-fir forests of the Central Urals (D14) also occur primarily on the western slopes and 
on ridges. The stands are graded mostly as site class III. In the herb layer Oxalis acetosella 
dominates, while in the well developed moss layer Pleurozium schreberi and Hylocomium 
splendens are the most prominent. Unlike the northern forests, Rhytidiadelphus triquetrus also 
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appears. The herb layer consists of widespread species of boreal forests (Maianthemum bifolium, 
Trientalis europaea, Goodyera repens, Viola selkirkii) and nemoral herb species (Asarum 
europaeum, Stellaria holostea, Viola mirabilis, Aegopodium podagraria). 

On moist soils, ferns (Dryopteris dilatata, Athyrium filix-femina) and Siberian tall herbs are more 
frequent (Aconitum lycoctonum subsp. lycoctonum, Cacalia hastata, Crepis sibirica). At the 
eastern slope of the Urals the proportion of Siberian fir decreases, while the Siberian larch (Larix 
sibirica) increases, the shrub layer becomes more species- poor, and the proportion of nemoral 
herb species decreases. 
 
D.3 Hemiboreal spruce (Picea abies, P. abies x P. obovata, P. obovata) and fir-spruce 

forests (Picea obovata, P. abies x P. obovata, Abies sibirica) with broadleaved trees 
(Quercus robur, Tilia cordata, Ulmus glabra, Acer platanoides and others) 

The hemiboreal coniferous forests with broadleaved trees occupy an intermediate position 
between the southern boreal coniferous forests and the nemoral broadleaved forests. In these 
forest communities boreal coniferous trees and nemoral broadleaved tree species are mixed in the 
tree layer, or they represent vegetation complexes consisting of boreal coniferous forests and 
nemoral broadleaved forests. In a hilly landscape the broadleaved forests usually occupy flat 
ridges and upper slopes, while the coniferous forests occupy the lower slopes and valley floors 
(PORFIRIEV 1950). 

The hemiboreal mixed broadleaved-coniferous forests form a continuous belt, varying in width, 
from southern Scandinavia via the east Baltic and central Russian lowlands to the central and 
Southern Urals (see Map 7: D8a,b). At its broadest, in western Russia, it spans about 650 km from 
north to south. 

The climate of the hemiboreal zone is characterised by relatively mild winters that favour nemoral 
broadleaved tree species, and by the absence of a marked dry period in the summer, which in turn 
provides the basic conditions for good growth of boreal conifer species. Hemiboreal forests grow 
both on weakly podzolic pale earths and brown earths as well as on weathered limestone soils. 

The hemiboreal mixed broadleaved coniferous forests are characterised by a varying degree of 
participation of nemoral tree, shrub and herb species in combination with boreal tree, shrub, dwarf 
shrub and herb species in the various layers. However, conifers usually dominate in the upper tree 
layer, which is why these forests have been assigned to the coniferous forest formation D. 

Regarding the affinity to floral zones, the hemiboreal mixed broadleaved-coniferous forests are 
counted among those of the temperate zone, not least because of their floristic composition and 
the high number of nemoral species (see Map 3). 

The hemiboreal mixed broadleaved-coniferous forests like the boreal coniferous forests are 
subdivided into altitudinal belts, among which the lowland-colline types are by far the most 
common. 

Montane types occur only in the Central and Southern Urals. As with the boreal coniferous 
forests, western types with dominant Picea abies (D15-D19) and eastern, pre-Uralian-Uralian 
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types with prevailing Siberian conifer species (Picea obovata, Abies sibirica) can be 
distinguished, as well as the participation of other Uralian-Siberian floral elements (D20-D23). 

The characteristics and peculiarities as well as differences between the individual groups and 
mapping units will be briefly explained in the following: 
 
D. 3.1 Lowland-colline, partly submontane types 

Three units (D15-D17) are distributed in the southern part of Fennoscandiia with strongholds in 
southern Sweden, two units (D18, D19) occur from the Baltic to around the Volga at N. Novgorod 
and to the west of Kazan, and the remaining two (D20, D21) occur from the Volga and Vetluga 
rivers to the Urals. On the one hand they reveal a floristic-structural north-south gradient, and on 
the other they also show a marked west-east differentiation. 

In the first place the south-Scandinavian hemiboreal forests (D15-D17) comprise vegetation 
complexes of different forest types that depend on differences in habitat/site factors. They include, 
with varying proportions, pure coniferous forests (mainly from spruce, and pine on rocky sites), 
pure broadleaved forests (mostly acid-soil with dominant oak), mixed broadleaved-coniferous 
forests with an understorey of nemoral broadleaved trees and shrubs (mostly Quercus robur, 
Corylus avellana) as well as more or less open raised bog and mire forests. On suitable sites, 
mixed broadleaved forests are scattered over small areas. Dominant communities of these three 
units, depending on soil trophy, include moss and dwarf-shrub-rich as well as herb-rich spruce 
forests with scattered deciduous broadleaved trees (Quercus robur, Tilia cordata, Fraxinus 
excelsior, Acer platanoides, Ulmus glabra), mainly in the second shrub layer. Unit D16, mainly 
distributed in southern Sweden, represents the vegetation complex with the most nutrient-
demanding and herb-rich broadleaved-spruce forests while D17 represents the most nutrient- and 
species-poor type. D15 occupies an intermediate position with heavier participation of 
acidophilous oak forests. 

In addition to the common species composition of southern boreal coniferous forests (e.g. 
Vaccinium myrtillus, Trientalis europaea, Linnaea borealis, Maianthemum bifolium, 
Melampyrum pratense, M. sylvaticum, Oxalis acetosella, Geranium sylvaticum, Convallaria 
majalis), more nutrient-demanding broadleaved forest species with a mainly temperate 
distribution play a significant and characterizing role in the herb-rich spruce forests (Melico-
Piceetum). Apart from the species Melica nutans, Milium effusum, Actaea spicata and Paris 
quadrifolia which are distributed far to the north, these include especially Anemone nemorosa, 
Hepatica nobilis, Lathyrus vernus, Carex digitata, Dryopteris filix-mas, Galium odoratum, 
Polygonatum multiflorum, Ranunculus ficaria, Scrophularia nodosa and Viola riviniana. The 
mostly weakly developed shrub layer also contains numerous nemoral species such as Corylus 
avellana, Daphne mezereum, Lonicera xylosteum, Sambucus racemosa and Viburnum opulus, also 
with Prunus padus on moist sites. 

In Norway these forests (D15) colonise a narrow strip along the southern coast as well as small 
areas in the fjords of the western coast. In southern Sweden their northern limit (D16) lies 
somewhat north of Stockholm, consistent with the northern distribution limit of oak and ash. In 
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southwest Finland they occupy a narrow strip along the southern coast and the offshore islands 
including Åland (D16). 

In this zone, nutrient demanding deciduous broadleaved trees are regularly found in the herb-rich 
spruce forests (Melico-Piceetum) which grow particularly on base-rich sites on south exposed 
slopes (extrazonal sites). The pure broadleaved forests occupy a broad range of sites from dry oak 
forests via fresh broadleaved forests to moist alder-ash forests. The main tree species of these 
forests Quercus robur, Tilia cordata, Acer platanoides, Fraxinus excelsior, Ulmus glabra, 
Populus tremula along with Alnus incana and A. glutinosa. 

In the west and north of Estonia, mixed spruce forests on alvar sites occur as a special form (D18). 
‘Alvars’ are forest-free limestone plateaux, covered patchily only by a shallow soil or humus layer 
in crevices and depressions, and between which bare rocks are exposed in many places. Extremely 
shallow soils, low precipitation and a markedly dry period in summer are factors that limit forest 
development. Soils under these forests include rendzinas and brown earths with a high humus 
content and a more neutral to moderately acid soil reaction. 

In the northern hemiboreal alvar forests, conifer species, mostly spruce and pine dominate; oak 
and ash occur in admixtures occasionally. The tree layer is open, about 15-20 m high, and the site 
class of the trees is low (IV or V). Juniperus communis or Corylus avellana dominate in the shrub 
layer; Ribes alpinum, Lonicera xylosteum, Cotoneaster integerrimus, Sorbus aucuparia, Daphne 
mezereum and Rhamnus cathartica are frequent. 

The herb layer is characterised by xerophytic species of the ‘heath series of vegetation types’ 
(Arctostaphylos uva-ursi, Antennaria dioica, Sedum acre, Thymus serpyllum) and a number of 
species from dry grasslands as well as meadow steppe plants (Filipendula vulgaris, Asperula 
tinctoria, Brachypodium pinnatum, Sesleria caerulea, Carex flacca). Forest species (Hepatica 
nobilis, Anemone nemorosa, Mercurialis perennis, Convallaria majalis, Calamagrostis 
arundinacea, Rubus saxatilis) are on the other hand rare. 

The present alvar forests have been greatly damaged by timber use, fires and pasturing so that it is 
difficult to assess what their original form might have been. The natural vegetation complex also 
contains dry grasslands, thermophilous fringe communities and xerophytic scrub on more 
extremely dry rock and karst sites. 

The Baltic/north-west Sarmatian mixed broadleaved-spruce forests (D19) extend as a wide belt 
from the Baltic Sea to the Middle Volga. In the Baltic States and in western Russia they display 
their broadest north-south range. The spruce usually dominates the closed tree layer; pedunculate 
oak, small-leaved lime, Norway maple and ash are regularly present in the lower tree layer or in 
the understorey. A shrub layer is well developed in more open stands. It often contains Corylus 
avellana, in the west also Euonymus europaea, Ribes alpinum and Cornus sanguinea, and in the 
east especially Euonymus verrucosa and Malus sylvestris. In the tree and shrub layers all the 
above mentioned species may occur in different combinations and proportions. 

In the mostly well developed herb layer, either ‘boreal’ species (Vaccinium myrtillus, Oxalis 
acetosella, Maianthemum bifolium, Trientalis europaea) or nemoral perennials (Aegopodium 
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podagraria, Lamium galeobdolon, Pulmonaria obscura, Carex pilosa, Asarum europaeum, 
Hepatica nobilis, Galium odoratum, Lathyrus vernus, Mercurialis perennis, Stellaria holostea, 
Ranunculus cassubicus, R. ficaria, Dryopteris filix-mas) determine the seasonal appearance. 

Some European nemoral forest species (e.g. Circaea lutetiana, Allium ursinum) occur only in the 
western types. In the mixed coniferous-broadleaved forests along the Baltic Sea there are also 
more oceanically distributed species such as Hedera helix Taxus baccata and Polystichum 
aculeatum. Moist forms contain Athyrium filix-femina, Equisetum sylvaticum and Urtica dioica. 

The moss layer is usually only weakly developed, with a cover of 10-20 %, and rarely up to 50 %. 
Frequent moss species include Pleurozium schreberi, Hylocomium splendens, Dicranum 
scoparium, D. polysetum, Rhytidiadelphus triquetrus, Brachythecium starkei, Mnium affine, M. 
punctatum, Climacium dendroides. 

Spruce forests with deciduous broadleaved trees in the understorey (Piceeta composita Sukatchev 
1931) occur in the southern boreal zone at different levels of exposure particularly on steep slopes 
of river valleys and hills, which can be attributed to better drainage and nutrient-richer soils at 
both these sites. However, in the hemiboreal zone these forests are also distributed in flat areas. 
The nemoral broadleaved trees are here found at their northern distribution limit; they become 
damaged by strong winter frosts and reach the upper tree layer only with difficulty. 

In the north of the hemiboreal zone, the cutting of mixed broadleaved-coniferous forests has led to 
a transformation into spruce forests, while in the south broadleaved trees (oak, lime) have become 
dominant in the tree layer since the spruce there rejuvenates itself only poorly. The proportion of 
lime increases here to the east. The hemiboreal mixed broadleaved-spruce forests occupy the most 
fertile soils and for this reason have been converted largely for agricultural use. 

The pre-Uralian deciduous tree-fir-spruce forests (D20, D21) are widely distributed between 
Volga, Kama and the Central Urals. They are growing on weakly podzolic pale earths 
(Podzoluvisols). 

The composition and structure of these forests differ clearly from the western mixed broadleaved-
coniferous forests. For example, in the east Fraxinus excelsior disappears, and the oak plays a 
lesser role. Picea obovata and Abies sibirica predominate there in the upper tree layer. The 
broadleaved tree species occur almost exclusively in the lower tree layer and in the understorey. 
Towards the Urals, the abundance of the fir increases, the oak disappears almost completely, and 
the Norway maple becomes rarer. The broadleaved tree species only occupy a small proportion of 
the tree layer, but often form a closed understorey. Tilia cordata plays the leading role here. The 
hazel (Corylus avellana) can also achieve a high degree of cover in the southern part of the range 
of these forests. The small-leaved lime tends to develop luxuriantly after cutting and then often 
forms secondary lime forests. 

In the herb layer, Oxalis acetosella grows abundantly while the boreal dwarf shrubs are almost 
completely absent. Nemoral herbs contribute strongly and are highly characteristic: Milium 
effusum, Paris quadrifolia, Lathyrus vernus, Asarum europaeum, Galium odoratum, Aegopodium 
podagraria, Dryopteris filix-mas etc. To the east a number of European nemoral herb species 
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disappear (e.g. Carex pilosa, Mercurialis perennis). Ferns (Dryopteris austriaca, D. carthusiana, 
D. filix-mas, Athyrium filix-femina, Diplazium sibiricum) also play an important role in the pre-
Uralian hemiboreal fir-spruce forests. These forests are positively characterised by the occurrence 
of Uralian-Siberian tall herbs (e.g. Cacalia hastata, Bupleurum longifolium subsp. aureum) and 
geophytes (Anemone altaica). 

The two units D20 and D21 follow each other from north to south and are differentiated 
particularly by a higher proportion of nemoral species of trees, shrubs and herbs in D21. 
 
D.3.2 Montane types 

The hemiboreal mixed broadleaved-coniferous forests of the central and Southern Urals (D22, 
D23) follow in the east directly after the pre-Uralian hemiboreal forests. They cover the western 
slopes of the Urals at altitudes between 350 and 800(1000) m. They contain dominant Abies 
sibirica in the tree layer, and broadleaved tree species only occur in the undergrowth, and in parts 
only in the shrub layer. In the herb layer, nemoral forest species play an important role, 
particularly Galium odoratum, Pulmonaria obscura, Asarum europaeum, Lathyrus vernus, 
Aegopodium podagraria and Stellaria holostea. Ferns such as Dryopteris dilatata, D. filix-mas, 
Phegopteris connectilis, Gymnocarpium dryopteris, Athyrium filix-femina and Diplazium 
sibiricum thrive luxuriantly in older closed forest stands. Forms with Uralian-Siberian tall herbs 
(Aconitum lycoctonum subsp. lycoctonum, Senecio nemorensis, Cacalia hastata, Crepis sibirica, 
Cicerbita uralensis) are also characteristic for the Urals. Rhytidiadelphus triquetrus, Rhodobryum 
roseum and Mnium spinosum appear in the moss layer of these forests. 

The unit D22 occupies higher altitudes in the central and Southern Urals. Because of the 
unfavourable climatic conditions, nemoral tree species, mainly Tilia cordata, occur only in the 
shrub layer. 

On the other hand the unit D23 is distributed more in the western foothills of the Southern Urals 
and contains several deciduous broadleaved tree species in the lower tree layer. In addition, 
Uralian and European-Siberian shrub and herb species occur more frequently. 
 
D.4 Montane to altimontane, partly submontane fir (Abies alba, A. nordmanniana) and 

spruce forests (Picea abies, P. omorika P. orientalis) in the nemoral zone. 

Geographical distribution 

In the nemoral zone of Europe, in which deciduous broadleaved forests prevail in nature, pure 
coniferous forests of firs and spruces are mainly encountered in the montane and altimontane belts 
of the uplands and high mountain ranges. The proportion of coniferous forest in the mountain 
ranges increases in this case with increasing continentality of the climate, i.e. towards the east and 
the interior of the mountain ranges, as well as on more base-deficient soils. Natural fir and spruce 
forests occur in Europe in the following temperate to submeridonal mountain ranges (from west to 
east) and are identified in the vegetation map mostly as unique units: the Pyrenees (only Abies 
alba), the Alps, the French and Swiss Jura, the Black Forest, the Hercynian uplands (Harz, 
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Thueringian Forest, the Erzgebirge, the Bohemian Forest, the Sudeten Mountains), the Polish 
uplands, the Carpathians, the Dinaric Alps, the central Balkan mountains, the Rhodopes, the 
Balkans, the Greater and Lesser Caucasus (cf. D9 in Map 7, although the Southern Urals do 
belong to the temperate zone, they have been assigned to the hemiboreal broadleaved and 
coniferous mixed forests because of their floristic uniqueness and close relationship to the eastern 
boreal vegetation) 

Spruce-fir, fir-spruce or pure spruce forests form the uppermost forest belt in the higher 
mountainous areas, whereby the role of the spruce (Picea abies) often increases towards the east. 
In the suboceanic area (Pyrenees, Swiss Jura, Black Forest, western Alps) and in the southern part 
of its range, the silver fir (Abies alba) dominates. In the high-mountain regions (the Alps, the 
High Tatra, the Balkan mountains, the Caucasus) they often insert themselves between the 
montane beech and beech mixed forests and the subalpine coniferous forests or the krummholz 
scrub. 

Its vertical distribution is primarily above 1000 m and reaches a maximum of 2100 m, although it 
sometimes reaches down to lower altitudes (approximately 700 m, and sporadically also lower). 
 
Climate, site conditions 

The altitudinal belt of the mountain range coniferous forests is characterised by a cool, wet 
climate (depending on area between 700 and 2000 mm and to a maximum of 3200 mm annual 
precipitation) with comparatively long, snowy winters. The mean annual temperatures cover a 
broad range and depending on the region and altitude may lie between 1 and 12 °C, but are 
usually under 5 °C. The mean January temperatures lie usually between -1 and -7 °C, and even 
lower in the high-mountain regions (in the central Alps they read at -12 °C). In the warmest 
month (July) the temperature averages are 12-19 °C, and can reach 22 °C locally. 

The soils are usually formed from siliceous rocks, although in many areas they can also be formed 
from carbonate rocks, so that the base content and pH-value show a broad spectrum. The soil 
trophy is usually between oligo and mesotrophic. Due to the cool, wet climate and the poorly 
decomposable coniferous litter, the humus form is usually between moder and raw humus, even 
over limestone. The soil types are podzols, gley-podzols, and depending on parent rock podzolic 
to base-rich brown earths, para-brown earths, ranker and ‘Tangelrendzinas’ (Folic Histosols). 
 
Stand structure, floristic composition 

Stand-forming conifer species in the western and central part of Europe include silver fir (Abies 
alba) and spruce (Picea abies), to which at lower altitudes broadleaved trees (Fagus sylvatica, 
Acer pseudoplatanus) and at higher altitudes larches (Larix decidua) and/or arolla pine (Pinus 
cembra) are added. Silver fir and spruce form either pure stands or mixed stands of differing 
composition depending on area and site. In the Balkan mountains, the Serbian spruce (Picea 
omorika) appears locally as the forest-forming conifer while at the southern boundary of the 
mesophilous coniferous forests this role is taken on by King Boris’s fir (Abies borisii-regis). In 
Caucasia, the silver fir and spruce are replaced by vicarious conifers, i.e. Nordmann’s fir (Abies 
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nordmanniana) and the oriental spruce (Picea orientalis) whose range extends even further to the 
west in the Anatolian mountain ranges south of the Black Sea. 

Apart from the spruce (Picea abies), none of the other coniferous species occur in the boreal coniferous forests of Europe. 
Vicarious boreal tree species for the spruce, fir, larch and arolla pine appear at first in the north-east and east of Europe with 
Picea obovata, Abies sibirica, Larix sibirica and Pinus sibirica. 

Apart from numerous species common also to boreal coniferous forests in the shrub, dwarf shrub, 
herb and moss layers, the nemoral montane coniferous forests harbour a whole range of 
indigenous temperate and submeridional mountain plants that are absent from boreal areas and the 
east European lowlands. Amongst the trees and shrubs are: 

Fagus sylvatica s.l., Acer pseudoplatanus, A. heldreichii, A. trautvetteri (K), Lonicera nigra, L. 
caerulea subsp. caerulea, Rosa pendulina; herbs include: Adenostyles alliariae, A. glabra, 
Aruncus dioicus (+K), Astrantia major, A. maxima (K), Calamagrostis villosa, Galium 
rotundifolium (+K), Gentiana asclepiadea (+K), Homogyne alpina, Luzula luzulina, L. luzuloides, 
L. nivea, L. sylvatica, Petasitis albus (+K), Prenanthes purpurea (+K), Saxifraga rotundifolia 
(+K), Soldanella alpina, S. hungarica, Veronica urticifolia (K = only in the Caucasus, +K = 
including the Caucasus). 
 
Classification into mapping units 

The main division into subgroups was performed according to dominant tree species: (4.1) with 
fir presiding (Abies alba, A. borisii-regis, A. nordmanniana) (D24-D33) and (4.2) with stand-
forming spruce (Picea abies, P. omorica, P. orientalis) (D34-D41). The individual mapping units 
are then differentiated again according to geography and habitat due to specific species 
combinations. 
 
D.4.1 Montane, partly submontane fir and mixed fir forests (Abies alba, A. borisii-regis, A. 

nordmanniana, Picea abies, P. orientalis) 

The range of the silver fir (Abies alba) is restricted to  Central Europe and areas bordering to the 
south (the Pyrenees, Massif Central, Apennines, the Balkan Peninsula, the Carpathians). Unlike 
other conifers, the fir is closely associated with the range of the beech in the uplands and forms 
mixed stands with it there. Regarding its altitudinal distribution, fir forests occupy an intermediate 
belt between the beech and the spruce forests. With regard to the continentality of the climate as 
well, the spruce also occupies a middle position between beech and spruce. For this reason, pure 
spruce forests are relatively seldom encountered, especially in climatically more continental areas 
such as the Alpine interior. 

Broadleaved-free acid-soil fir forests are quite deficient in spring-blooming plants and other beech 
forest plants, and instead are rich in acidophilous dwarf shrubs and mosses. The species 
composition of acid-soil fir forests is often very similar to that of the corresponding spruce forests. 
On the other hand, herb-rich forms on base-rich soils also feature many Fagetalia-species. 

The acidophilous fir forests can only be marginally distinguished because of their relative lack of 
species in the individual subareas of the nemoral zone. Fir and spruce dominate with changing 
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proportions, whereby Picea increases with altitude. Pinus sylvestris, Fagus sylvatica, and at lower 
altitudes sometimes Quercus robur, and the pioneer species Sorbus aucuparia, Populus tremula 
and Betula pendula play a subordinate role, provided that they are not encouraged by the activities 
of the foresty industry. In the shrub layer, if at all present, saplings of the tree species 
predominate, with occasional admixtures of Sambucus racemosa, Rubus idaeus, R. fruticosus agg. 
and Lonicera nigra. Vaccinium myrtillus, V. vitis-idaea, Deschampsia flexuosa, Luzula luzuloides, 
L. sylvatica, Maianthemum bifolium, Oxalis acetosella, Hieracium murorum and various 
acidophilous mosses (Polytrichum formosum, Dicranum scoparium, Pleurozium schreberi, 
Bazzania trilobata etc.) are the characteristic elements of the understorey. The species assortment 
has a primarily ‘boreal’ character, but some species (Galium saxatile, Luzula luzuloides, L. 
luzulina, Homogyne alpina, Calamagrostis villosa) with differing distribution differentiate the 
nemoral mountain range coniferous forests from the boreal forests of Scandinavia and north-east 
Europe. 

The forest stands colonise the most varied of base-deficient parent rocks from granites via 
metamorphic slates to sandstones and conglomerates. Depending on the region they may establish 
in the montane to the altimontane belt, while only rarely are the submontane to colline belts 
colonised. 

The Central European acidophilous spruce-fir forest (D24) is differentiated in the black forest, 
where it occupies its greatest expanses, by a number of atlantic-subatlantic species (Galium 
saxatile, Ilex aquifolium, Digitalis purpurea) that are absent from the eastern Hercyniann 
mountain ranges (excepting Galium saxatile); in place of these, the montane Calamagrostis 
villosa appears there. In the Czech Republic, Poland, Slovenia and Bosnia-Herzegovina, the unit 
occurs only in such small areas that for the most part they cannot be displayed on the maps; only 
in the Czech Republic and Croatia have small incidences been mapped. The Illyrian variant is 
characterised particularly by the presence of Hieracium rotundatum. In Poland, a Sudeten (with 
Galium saxatile) and a Carpathian variant (with Luzula luzulina, Soldanella hungarica, S. 
carpatica) have been distinguished. 

A similar, but more eutrophic and species-rich community is listed for colline to submontane 
locations of the south Polish hills and uplands (Lysa Gora to 600 m altitude) (D25). Rubus hirtus, 
R. pedemontanus and Cruciata glabra are regional differential species; Querco-Fagetea species 
such as Carex digitata, Dryopteris filix-mas, Lamium galeobdolon and Viola reichenbachiana 
also participate more extensively. The submontane form also contains Luzula luzuloides and 
Gentiana asclepiadea. 

The species-rich fir mixed forests on mesotrophic soils can be sub-categorised considerably 
more on mesotrophic soils. The south-east Central European form of lower to middle altitudes 
(D26) occurs as a strip at the northern edge of the Alps and is scattered in the south-east of the 
Alps (Slovenia, Croatia) as well as in the Czech Republic. It colonises mainly denser, sometimes 
intermittently moist soils above flysch, molasses, slates and sandstones. These soils are 
particularly agreeable for the root-active fir which therefore often dominate in near-natural stands 
with differing proportions of spruce and beech, where the beech is not able to exert its full degree 
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of competitiveness. As subordinate species Acer pseudoplatanus, Fraxinus excelsior and Ulmus 
glabra can also be involved. In the shrub layer, Lonicera nigra is particularly characteristic in 
addition to Rubus species. In the herb layer acid indicators are found, whereby the more 
demanding Galium rotundifolium and Oxalis acetosella are particularly characteristic alongside 
widespread beech forest species (for example Prenanthes purpurea, Sanicula europaea), various 
ferns and moisture-wetness indicators such as Equisetum sylvaticum, Crepis paludosa and 
Chaerophyllum hirsutum. 

The corresponding, mainly altimontane distributed mapping unit D28 occurs in patches at the 
northern edge of the Alps from Bavaria to Switzerland, but cannot always be clearly delineated 
from the previous form. On siliceous mountains of the eastern marginal Alps it colonises a narrow 
altitudinal belt from about 1200 to 1400 m between the spruce-fir-beech forest and the subalpine 
spruce forest situated above it. Elements of the Fagetalia and the Piceetalia are also 
characteristic, whereby the latter can occur more profusely depending on altitude. Homogyne 
alpina, Huperzia selago, Luzula sylvatica amongst others differentiate these forests from those 
seen at lower altitudes. The unit also contains montane perennial-rich and moist forms with e.g. 
Adenostyles alliariae, Equisetum sylvaticum, Stellaria nemorum. Geographic forms are 
characerised e.g. by Soldanella hungarica subsp. major at the eastern edge the central Alps and 
Veronica urticifolia in the west of the eastern Alps. 

The spruce also has a wider ecological amplitude in the western Alps since it was already 
established there during the postglacial migration before the spruce and did not have to migrate 
into the spruce forests as in the eastern Alps, where they were initially selected on the basis of 
shade tolerance (MAYER 1977). In the south-western Alps where the spruce is rare or even 
completely absent, an indigenous altimontane spruce layer has developed above the beech layer in 
the external chains (Chartreuse, Vercors), after which a narrow strip follows consisting of 
‘subalpine’ spruce forest or Pinus uncinata (Mt. Ventoux). In parts an altimontane (‘subalpine’) 
rhododendron fir forest may even form the upper tree line (in Tessina and in the Ligurian Alps). 

MAYER (1984) distinguished three community groups for the montane and altimontane spruce 
forests of the Alps: acid-soil siliceous communities with Luzula luzuloides, and intermediately 
with Oxalis acetosella as well as Galium rotundifolium and carbonate communities with 
Adenostyles glabra, Valeriana tripteris, Mercurialis perennis, Carex alba, C. digitata and 
Cirsium erisithales. 

The interalpine spruce-fir forests (D29) which especially in the east and south form an almost 
contiguous belt around the central Alps are characterised by a moderated continental climate. 
However, their natural forest construction can barely be recognised anymore due to the extensive 
anthropogenic displacement of the spruce. Currently, spruce and spruce-larch forestry is practised 
in most areas. 

Depending on trophy and humidity, a number of very differing communities are contained within 
this unit: i.e. Luzulo-Abietetum, Galio- as well as Asperulo-Abietetum and also more rarely 
carbonate forms such as the Adenostylo glabrae-Abietetum and the Carici albae-Abietetum. In the 
western Alps the role of the fir increases in general compared to the spruce. The southern Alpine 
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form is characterised by Luzula nivea, Calamintha grandiflora, Laburnum alpinum and 
Melampyrum italicum. 

In the montane spruce mixed forests of the western Carpathians (D27) the fir dominates 
unchallenged and also rejuvenates well, and the spruce does not participate everywhere. However, 
in Poland the origin of this community remains a matter of debate. They may for the most part 
represent replacements communities (from forestry activities) which arose due to a continuous 
preference of fir from fir-beech forests. They colonise a broad range of habitats from acidic to 
lime-rich soils, so one also finds Vaccinium myrtillus and other acidophytes in addition to more 
demanding Querco-Fagetea species. Cardamine glanduligera (=Dentaria glandulosa) is a 
geographical differential species for this unit. 

The altimontane spruce forests of the interior valleys of the Pyrenees (D30) are distinguished from 
those already described by the absence of spruce in particular; only Fagus sylvatica and Sorbus 
aucuparia occur as accompanying tree species. Saxifraga umbrosa as well as Ilex aquifolium and 
Teucrium scorodonia as atlantic floral elements are geographical differential species. Goodyera 
repens is promoted as the naming species for this association (Goodyero repentis-Abietetum 
albae. The community occurs primarily on northern slopes upon podzolic brown earths above 
granites. 

In southern Albania the spruce forests are formed almost exclusively on limestones between 1200 
and 1600 m in altitude and consist of Abies borisii-regis (an intermediate form between Abies 
alba and A. cephalonica) (D31). Only in some places do Fagus sylvatica (in the north-east), Pinus 
nigra or Fraxinus ornus (in the south) exist as admixtures. With Abies borisii-regis, the Albanian 
endemic Hypericum haplophylloides, the basiphilous shrub and herb layer (Sorbus graeca, 
Daphne mezereum, Sesleria coerulans, Brachypodium pinnatum, Galium lucidum agg.) and 
xerothermic oak forests as adjacent communities, this unit is clearly distinguished from that 
present in Central Europe. 

The species assemblage of the Caucasian spruce forests differs from that of the Central European 
forests particularly strongly. Here, two mainly altimontane units can be distinguished: west 
Caucasian spruce, fir-spruce and beech-fir forests with evergreen undergrowth (Rhododendron 
ponticum, Laurocerasus officinalis, Ilex colchica) (D32) and another eastern distributed unit 
without evergreen undergrowth (D33). The tree layer consists in both cases of Abies 
nordmanniana, Picea orientalis and Fagus sylvatica subsp. orientalis, and these coniferous mixed 
forests frequently alternate with oriental beech forests. Beech-fir, spruce-fir and pure fir forests 
predominate, whereas pure spruce and beech-spruce forests are rare. 

The few still remaining natural stands are of uneven age and show exceptional growth. The upper 
tree layer is often 45-50 m high. Spruces and firs achieve a maximum age of 450-500 years and 
heights of 67 m while the beech reaches heights of 50-52 m with trunk diameters to 2 m. 

The fir mixed forests with evergreen undergrowth (D32) are distributed only in the western 
Caucasus between altitudes of 950-2100 m where the mean annual precipitation exceeds 1300 
mm. Evergreen hemiprostrate shrubs (Rhododendron ponticum, R. ungernii, Laurocerasus 
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officinalis, Ilex colchica) are typical for these forests. Summer-green shrubs include 
Rhododendron luteum, Vaccinium arctostaphylos and Viburnum orientale, although these occur 
less frequently than they do in beech forests. Rubus species (R. caucasicus, R. platyphyllus etc.) 
occasionally form dense stands. 

Under the evergreen shrub layer the herb layer is sparse and species deficient. Coniferous forest 
species are only sparsely represented, and European-Caucasian species predominate. Festuca 
drymeja (occasionally dominant), Galium odoratum, G. rotundifolium, Sanicula europaea, 
Circaea lutetiana are typical. Specific Caucasian plants include: Vicia crocea, Pachyphragma 
macrophyllum, Trachystemon orientale, Paris imcompleta, Paeonia wittmanniana. 

The Caucasian spruce mixed forests without evergreen undergrowth (D33) replace the previously 
mentioned forest type in less humid areas, since the annual precipitation decreases and the 
continentality increases towards the east (DOLUCHANOV 1989). The range of the coniferous forests 
without evergreen undergrowth can be divided into isolated sections: one lies at the northern face 
of the Great Caucasus while the other is located in Transcaucasia east of the watershed between 
the Black and Caspian Seas. They form the continuation of the more western located coniferous 
forests with evergreen undergrowth. Like them, they occupy the upper half of the forest belt 
between 850/1000 and 2000 m. 

Pure fir forests appear here more frequently. Apart from Fagus sylvatica subsp. orientalis, hardly 
any other broadleaved tree species occur. Deciduous shrubs (Rhododendron luteum, Sambucus 
nigra, Corylus avellana, Lonicera caucasica) are also rare, while Rubus species on the other hand 
are widespread, particularly in beech fir forests. 

In the herb layer, Festuca drymeja prevails on relatively dry and sunny slopes, and Vicia crocea is 
common. Herbaceous plants of nemoral broadleaved forests are widely distributed on fresh soils 
(Galium odoratum, Sanicula europaea, Viola reichenbachiana, Circaea lutetiana, Cardamine 
bulbifera, Geranium robertianum). On moist sites, Rubus species and ferns (Athyrium filix-
femina, Dryopteris filix-mas, D. affinis, Matteuccia struthiopteris, at higher locations also 
Athyrium distentifolium and Dryopteris limbosperma) play an important role. In the upper 
coniferous forest zone (1800-2100 m) the herb layer is enriched with altimontane plants. Apart 
from widespread species such as Calamagrostis arundinacea, Polygonatum verticillatum, 
Calamintha grandiflora, Valeriana alliariifolia, Aruncus dioicus and Actaea spicata many 
Caucasian species also occur here (Gentiana schistocalyx, Gadellia lactiflora, Adenostyles 
platyphylloides, A. rhombifolia, Senecio propinquus, Cicerbita deltoides, C. prenanthoides). 

The herb layer of pure fir forests (Picea orientalis) differs clearly from that seen in fir and beech-
fir forests. Coniferous forest species such as Gymnocarpium dryopteris, Dryopteris carthusiana, 
Huperzia selago, Lycopodium annotinum, Orthilia secunda, Pyrola media, Moneses uniflora, 
Listera cordata and Goodyera repens occur more frequently here. The latter species is particularly 
characteristic for spruce forests. The moss layer consists of the widely distributed species 
Hylocomium splendens, Rhytidiadelphus triquetrus, Pleurozium schreberi, Dicranum scoparium, 
Eurhynchium striatum and Ptilium crista-castrensis. 
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D.4.2 Altimontane, partly montane spruce forest and mixed spruce forests (Picea abies, P. 
omorika, Sorbus aucuparia, Abies alba) 

The natural range of the spruce (Picea abies) does not stretch to the west and south as far as those 
of the fir and beech do. Modern forestry, however, has made it the most common timber species 
also in areas of  Central Europe that are more oceanically accentuated, in the northern foothills of 
the Alps, in the Swiss middle country, in the uplands west of the Rhine and even in many lowland 
areas. In the north-east of the Central European lowlands, the lack of rainfall may have acted as a 
key factor in restricting its range, since the spruce avoids excessively dry sites in its entire range 
and tends to suffer more as shallow rooted plants than other tree species during drought years. 
However, in the remaining parts of  Central Europe, except for some drier pockets, the climate is 
moist enough for the spruce. Here the increasing oceanicity, the reduced winter coldness and the 
long growth period play important restrictive roles. These factors favour the broadleaved trees, 
sometimes also indirectly, since they foster the activities of spruce pests. Where beech and fir are 
also involved, the saplings of which tolerate the shade more, they completely drive back the 
spruce to the relatively coldest and most continental locations, or to soils that for any other reason 
cannot support them: e.g. very oligotrophic continuously-moist to wet and cold soils or very 
shallow and cold block slopes and rock sites. 

Natural spruce forests are found in  Central Europe under the most variable of conditions as 
altitude-specific or extrazonal vegetation on rocks of all kinds: in the altimontane to the lower 
subalpine belt of the Carpathians and the Alps (except for the relatively oceanic north-west and 
sub-Mediterranean southern marginal cordilleras), the Hercynian mountain ranges east of the 
Harz-Bavarian forest line, in the montane belt of the inner Alpine valleys where the climate is too 
continental for beech and fir (ELLENBERG 1996), as well as in the higher mountain ranges of the 
Balkan Peninsula, particularly in the Dinaric mountains and the Rhodopes. 

In most natural Picea abies forests the following acidophilous species are represented regularly: 
Vaccinium myrtillus, V. vitis-idaea, Lycopodium annotinum, Melampyrum sylvaticum, 
Deschampsia flexuosa, Oxalis acetosella, Hylocomium splendens, Pleurozium schreberi, 
Polytrichum formosum, Dicranum scoparium. Further characteristic but less persistent species of 
the mountain range spruce forests include Lonicera caerulea, Linnaea borealis, Listera cordata, 
Trientalis europaea, Calamagrostis villosa, Homogyne alpina, Corallorhiza trifida, Moneses 
uniflora, Orthilia secunda, Pyrola minor, P. rotundifolia and Huperzia selago. However, the 
distribution of these species is not restricted to spruce forests (JAHN 1985). Under environmental 
conditions that more or less agree only with the spruce (high altitude, continentality), natural 
spruce forests are also found on carbonate substrates that contain only few of the above mentioned 
species, but which instead include many Fagetalia species and lime indicators (e.g. Adenostyles 
glabra, Calamagrostis varia). 

As with the boreal spruce forests, the nemoral mountain range spruce forests colonise a broad 
spectrum of rocks and soils, from oligo to eutrophic, and correspondingly reveal diverse forms 
and communities that are also reflected in the mapping units. The vegetation units dominated by 
spruce (Picea abies, in one case P. omorika) (D34-D41) are basically grouped and differentiated 
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according to (phyto)geographical aspects. 

The range of altitudes colonised varies between 900 and 2000 m. In the tree layer, other conifers 
are also frequently represented alongside the dominant spruce (depending on region, altitude and 
site, Abies alba, Larix decidua, Pinus sylvestris, Pinus cembra or P. peuce), and in a few the 
beech (Fagus sylvatica) is also present. Sorbus aucuparia (mostly subsp. glabrata), Lonicera 
nigra, L. caerulea, L. xylosteum and Rosa pendulina occur irregularly and sporadically in the 
shrub undergrowth. Apart from a number of constant species, the field layer is differentiated 
markedly according to soil trophy, moisture, exposure, altitude and the regional flora. 

Calamagrostis villosa spruce forests (D34) constitute the altimontane primary community in the 
Hercynian mountainous areas (Harz, Thueringian Forest – not separately identified in Map 5, the 
Erzgebirge, the Bohemian Forest, the Sudeten Mountains), with their corresponding geographic 
differentiation (SCHLÜTER 1969). These spruce forests grow between 900 m (in some cases as far 
down as 630 m) and a maximum of 1500 m. They usually establish on acidic to strongly acidic 
and oligotrophic soils of podzol rankers above iron-humus-podzols to gley-podzols and boggy 
soils, mainly above granites and gneisses. They feature many species also common to the spruce 
forests of the Alps (e.g. Homogyne alpina, Calamagrostis villosa, Lycopodium annotinum, 
Blechnum spicant, Listera cordata, Luzula sylvatica), but are distinguished by the absence of the 
larch and arolla pine amongst other alpine species. Calamagrostis villosa is represented more 
strongly than it is in the Alps and often forms densely matted stands, and Trientalis europaea, 
Galium saxatile and Soldanella montana are geographically differential species. Fagus sylvatica 
and Abies alba occur only subordinately and with reduced vitality, especially in the lower altitude 
forms. This forest community is particularly adversely affected by air pollutants and soil 
acidificaion and especially in the Erzgebirge has already died out in large areas. 

Typical for the unit are intermittently-moist and continuously water-logged habitats as well as 
numerous scattered raised bogs with mugo and dwarf pines as well as spruce bog forests. They are 
labelled as the subunit D34a. Carpathian birch spruce block forests often occur in association with 
open block slopes (STÖCKER 1967). 

Natural climatically-determined spruce forests are widespread in the A l p s  in the altimontane (= 
subalpine) belt above the spruce-fir-beech layer and below the subalpine larch-arolla pine as well 
as mugo pine (Pinus mugo) layer, as well as in the entire montane belt of the continental Alpine 
interior (D35). Only in the most continental dry valleys (e.g. Valais, Vinschgau) do they withdraw 
to the benefit of dry pine forests. They are also rarer in the southern Alps and completely absent 
from the south-west Alps. The mapping unit corresponds largely to the former, broadly 
formulated Piceetum subalpinum Braun-Blanquets. A mean annual temperature of less than 5 °C 
and 5-7 months with a mean temperature below 0 °C can be regarded as the climatic guidelines 
for the altimontane spruce forests. 

The frequent occurrence of the larch (Larix decidua) which can be considered as a pioneer tree 
species, gradually expelled during the course of stand development, is characteristic for the spruce 
forest layer of the Alps. Its involvement has been increased greatly by the practice of clear-felling 
(MAYER 1977). Lonicera nigra, Rosa pendulina and Clematis alpina are typical for the alpine 
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spruce forests. Acer pseudoplatanus can play a certain role at the lower limit of the spruce layer, 
particularly on base-rich substrates, as a mixed tree species. 

In this mapping unit three very different communities are grouped that differ regarding site and 
species assemblage (typified using the example of the eastern Austrian Alps): 

a) the typical acid-soil spruce forests (Homogyno-Piceetum Zukrigl 1973 amongst others) on 
silicate soils or decalcified limestone brown loams with a more or less purely acidophilous 
species assemblage (Homogyne alpina, Vaccinium myrtillus, V. vitis-idaea, Calamagrostis 
villosa, Deschampsia flexuosa, Lycopodium annotinum, Moneses uniflora, Luzula luzulina, L. 
sylvatica, Melampyrum pratense, Gymnocarpium dryopteris, Dryopertis dilatata, D. expansa, 
Blechnum spicant, Rhytidiadelphus triquetrus, Hylocomium splendens, Pleurozium schreberi, 
Barbilophozia lycopodioides, Polytrichum formosum, Sphagnum girgensohnii etc.). 

b) High perennial spruce forests (Adenostylo alliariae-Piceetum Zukrigl 1973) on moister, base-
richer silicate or calcareous soils. Tall perennials, particularly Adenostyles alliariae, 
Chaerophyllum hirsutum, Rumex arifolius dominate, combined with Saxifraga rotundifolia, 
Viola biflora, Stellaria nemorum, while acidophytes play only a subordinate role. Oxalis 
acetosella, Luzula sylvatica, L. luzulina, Dryopteris dilatata, D. expansa and Barbilophozia 
lycopodioides are also frequent. 

c) Carbonate spruce forests (Adenostylo glabrae-Piceetum M. Wraber ex Zukrigl 1973) on lime 
and dolomite debris soils, usually rendzinas and mixed soils with brown loam material. Here 
acidophytes withdraw considerably where only Oxalis acetosella, Melampyrum sylvaticum, 
Luzula luzulina, L. sylvatica, Vaccinium myrtillus, Homogyne alpina, Lycopodium annotinum, 
Huperzia selago and a few mosses occur quite regularly. Lime indicators such as Adenostyles 
glabra, Valeriana tripteris, Calamagrostis varia, Carex alba, Polystichum lonchitis, Sesleria 
albicans, Cirsium erisithales are however characteristic, as well as the mosses Ctenidium 
molluscum and Tortella tortuosa, and many Fagetalia species such as Lonicera alpigena, L. 
nigra, Daphne mezereum, Mercurialis perennis, Veronica urticifolia, Primula elatior, 
Cardamine enneaphyllos and Helleborus niger (the last two of which are of east Alpine and 
Dinaric distribution), and Lamium galeobdolon agg. Alpine grass species such as Campanula 
scheuchzeri, Soldanella alpina, Aster bellidiastrum amongst others are also usually present. 
Depending on substrate, this community occurs particularly in the marginal Alps. 

In Switzerland ELLENBERG & KLÖTZLI (1972) and in the Savoy BERTOLI (1966) and GENSAC 
(1967) also distinguished 3/4 associations according mainly to water balance, trophic state and 
exposure, so that in the latter region dry-soil units with Vaccinium vitis-idaea, Arctostaphylos 
uva-ursi and Carex humilis play a greater role. 

Frequently, spruce forests interdigitate with Pinus mugo scrub on drier and shallower, sometimes 
block-debris-rich sites over lime, and with Alnus alnobetula on moister and particularly siliceous 
sites. 

The west Carpathian spruce forests (D36) that are subdivided into forms on silicate (Plagiothecio-
Piceetum tatricum) and carbonate rocks (Polysticho-Piceetum), are very similar to the spruce 
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forests of the Alps. The two associations differentiated by their substrate are climatically 
determined stable communities in the altimontane belt of the western Carpathians which cannot 
be represented separately in the map. In both communities the spruce dominates in the tree layer 
with small admixtures of Sorbus aucuparia and Pinus cembra (only at higher altitudes of the High 
Tatra). The herb layer consists mainly of acidophytes: Vaccinium myrtillus, Dryopteris dilatata, 
Luzula sylvatica, Homogyne alpina and Deschampsia flexuosa. The moss layer is well developed 
in both cases. Differential species of the spruce forests on carbonate soils include Polystichum 
lonchitis, Valeriana tripteris, Carex digitata, Cardamine glanduligera, Clematis alpina, Gentiana 
asclepiadea, Soldanella carpatica, S. hungarica. 

The eastern and southern-Carpathian altimontane spruce forests (D37) occupy an altitude range 
between 1200 and 1600 m in the mountains of Ukraine and Romania. In the eastern Carpathian 
Mountains they form an almost closed altitudinal belt on acid silicate soils (partly iron-humus-
podzols), although they can also occur on limestones and ‘Tangelrendzinas’ (Folic Histosols). In 
addition to the dominant spruce, Abies alba and Fagus sylvatica are also scattered about at lower 
locations. Acer pseudoplatanus, A. platanoides and Ulmus glabra can also intermingle here. At 
the boundary to the subalpine belt, the spruce grows only weakly and forms mixed stands with 
Pinus cembra, P. mugo, Alnus alnobetula and Juniperus communis subsp. alpina. In addition to 
the widespread and dominant acidophytes such as Vaccinium myrtillus, Lycopodium annotinum, 
Huperzia selago, Luzula sylvatica, Oxalis acetosella, Homogyne alpina, Melampyrum sylvaticum, 
Calamagrostis villosa, C. arundinacea, Dryopteris dilatata, Hylocomium splendens, Pleurozium 
schreberi, Dicranum scoparium and some more demanding species (Lonicera nigra, Prenanthes 
purpurea, Valeriana tripteris, Doronicum austriacum etc.), many Carpathian species are 
characteristic and geographically differentiating such as Campanula abietina, Soldanella 
hungarica subsp. major, Hieracium rotundatum, Euphorbia carniolica, Leucanthemum 
waldsteinii, Rumex alpestris, Adenostyles alliariae subsp. kerneri, Telekia speciosa, Petasites 
kablikianus, Symphytum cordatum. 

The montane spruce forests of the western and central Balkan Peninsula (D38) are distinguished 
from the Central European forms by south-east European Illyrian species in the west and by 
Balkan and south-east European differential species in the east. The proportion of ‘boreal’ species 
decreases from west to east. In parts, these spruce forests form a climatic altitude belt, but often 
they colonise climatically cool extrazonal sites (e.g. inversion locations) between 1000 and 
1500 m in altitude. Annual precipitation decreases from more than 2000 mm in the west to about 
1000 mm in the east. The soils range from rendzinas and rankers via podzolic brown earths to 
podzols. 

Usually these are pure spruce forests, often with an intermingling of Abies alba, and more rarely 
Acer pseudoplatanus and Fagus sylvatica. In the open shrub layer, characteristic species for the 
eastern part include Daphne blagayana and Salix silesiaca in addition to Rosa pendulina and 
Daphne mezereum. Apart from the dominating acidophilous species (Galium rotundifolium, 
Blechnum spicant, Luzula luzuloides, L. sylvatica, Homogyne sylvestris, Lycopodium annotinum, 
Moneses uniflora) relatively basiphilous species such as Cardamine trifolia, Carex alba, Primula 
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veris subsp. columnae, Sanicula europaea, Carex pilosa and Saxifraga rotundifolia occur, and in 
certain forms hygrophilous and mire plants also occur. These spruce forests show a clear 
geographical variability and can be divided accordingly from west to east into several geographic 
variants (see the data sheet). 

The unit D39 encompasses the altimontane/subalpine spruce forests that follow on in the same 
regions. They show a similar species composition and geographical organisation, but contain 
more subalpine species. They differ from the former unit in that there is a stronger participation of 
Vaccinio-Piceetalia species and a disappearance of broadleaved forest plants. 

The Dinaric Picea omorika forests (D40) represent relict-endemic forest communities with a very 
restricted range in the border area between Bosnia and Serbia along the Drina (Tara mountains). 
In Central European gardens, where they are very popular because of their slim growth aspect, 
there are certainly more specimens of this relict spruce than are present in their natural outposts. 
Picea omorika in combination with other tree species (in particular Pinus nigra, P. sylvestris, 
Picea abies) forms indigenous forest communities of various forms on steep limestone slopes, on 
scree, in ravines and similar extreme sites, where it also sustains cold and periodic dryness quite 
well. It occurs mainly at altitudes between 1000 and 1300 m with annual precipitations of 1000-
1300 mm. The soils are mainly rendzinas to shallow carbonate brown earths, and sometimes also 
ranker to acidic brown earths (on serpentine). Picea omorika is not very competitive compared to 
other domesticated tree species on zonal sites, but can grow very well on limestone scree, open 
timber clearings or surfaces cleared by forest fires. 

In the mostly well-developed shrub and herb layer, the numerically modest Vaccinio-Piceetea and 
other acidophilous species shares their place with more demanding Fagetalia species. The 
presence of numerous Illyrian and south-east European species is characteristic: Daphne 
blagayana, Hieracium rotundatum, Aremonia agrimonioides, Festuca drymeja, Epimedium 
alpinum, Cardamine trifolia as well as Balkan species including Doronicum columnae, Dianthus 
petraeus, Athamantha turbith subsp. haynaldii, Edraianthus graminifolius, Sesleria rigida. 

The Rhodopean spruce forests (D41) have their distribution strongholds in Bulgaria with outliers 
in north-east Greece, where Picea abies reaches its southern limit in Europe. They mainly occur at 
altitudes between 1300 and 2100 m on acid granite soils. In the tree layer dominated by the 
spruce, depending on altitude, Pinus peuce, P. sylvestris, Acer heldreichii, A. pseudoplatanus, 
Abies alba, Fagus sylvatica and Sorbus aucuparia subsp. fenenkiana may occur as well. Pinus 
mugo (Rila – Pirin mountains) and Juniperus communis subsp. alpina (Vitosa, Stara Planina) are 
found at the upper distribution limit in the shrub layer. The herb layer consists mainly of widely 
distributed dwarf shrubs (Vaccinium myrtillus) and grasses (Calamagrostis arundinacea, 
Deschampsia flexuosa, Luzula sylvatica). Geographical differential species for the Balkans 
include Campanula abietina, Aremonia agrimonioides and Geranium macrorrhizum. 
 
D.5 Boreal and hemiboreal pine forests (Pinus sylvestris), partly with Betula pubescens s.l., 

Picea abies, P. obovata 

European pine forests have a wide range and sometimes ccupy large areas (see Map 7: D10-D12). 
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They play an important role particularly in Fennoscandia and in the east European lowlands. Their 
main range is in the boreal and northern temperate zone. Isolated outposts extend to northern 
Scotland, to the eastern Central European lowlands and into the south-east European forest steppe 
and steppe zones. 

The Scots pine (Pinus sylvestris) has a broad ecological amplitude: it grows on highly oligotro-
phic, strongly acid to base-rich soils, on very shallow and dry substrates to wet and oxygen-poor 
mires, on sand and peat, and from the lowlands to the montane belt. The most frequent soil types 
are podzols, rankers, rendzinas, gley-podzols and peaty gleys as well as true peats. 

Although the pine is very stress-tolerant (regarding nutrient deficiency, drought, wetness, fire), it 
is very light-demanding and is therefore only weakly competitive in intermediate situations. It is 
therefore displaced by the spruce on more nutrient-rich and less extreme sites in the boreal and 
hemiboreal zones. 

Pine seedlings grow particularly well and abundantly on mineral soils which lack a dense moss-
lichen cover and a thick litter layer. Such conditions prevail most frequently after forest fires or 
forest clearance. Under a dense tree layer the pine is unable to rejuvenate itself. Occasional forest 
fires therefore contribute to the distribution and preservation of pine forests. 

Natural pine forests with dominant Pinus sylvestris are more or less azonal forest communities but 
they can be edaphically, zonally and regionally differentiated according to the composition of the 
ground vegetation. As with the spruce forests, they reveal a north-south and a west-east differen-
tiation but due to the relative lack of species this is not so marked as there. The most obvious fea-
ture is the floristic-structural division into site-(soil-)dependent types. Depending on soil condi-
tions and regional climate, lichen-pine forests (Cladonio-Pinetum), cranberry-pine forests (Vac-
cinio vitis-idaeo-Pinetum), moss-dwarf shrub pine forests (Barbilophozio-Pinetum, Dicrano-
Pinetum), bog pine forests (Oxycocco-Pinetum, Vaccinio uliginosi-Pinetum) and Pearl grass-pine 
forests (Melico nutantis-Pinetum, Seslerio-Pinetum) as well as steppic-pine forests (Serratulo-
Pinetum, Peucedano-Pinetum) can be distinguished in the boreal and hemiboreal as well as the 
northern temperate zones. 

The division and the arrangement of the boreal to hemiboreal and nemoral pine forests (D42-D60) 
in the legend and on the vegetation map is initially aligned in a zonal manner from north to south: 
first, in the 3 main groups of the (1) northern, (2) middle and southern to hemiboreal as well as (3) 
the hemiboreal and nemoral pine forests; and second according to altitudinal belts, among which 
the lowland-colline types predominate. Montane types have been identified only in Scotland 
(D50) and in the central to the southern Urals (D51, D58-D60). Within the zonal groups, the map-
ping units are differentiated according to site conditions and regions, and listed from west to east. 
 
D.5.1 Northern boreal pine forests 

The northern boreal pine forests contain 3 mapping units (D42-D44) which are distributed from 
central Scandinavia via Karelia to the foothills of the Northern Urals. They lie completely within 
the zone of the northern boreal spruce forests. In Russia and Finland these forests are mainly dis-
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tributed in the lowlands and hills, whereas in Scandinavia they climb to altitudes of between 700 
and 1000 m. 

Within the northern boreal pine forests two main types can be distinguished in their drier wing 
(D42): lichen-pine forests (Cladonio-Pinetum) and moss-dwarf-shrub-pine forests (Barbilo-
phozio-Pinetum). 

These two forms differ both with respect to their location in the relief and with regard to the struc-
ture and species composition of the field layer. Lichen-pine forests are found mainly on convex 
terrain forms and dry sites – hilltops, moraine ridges, upper slopes and raised river banks. On the 
other hand, moss-rich pine forests colonise fresher but well drained sites: middle and lower 
slopes, depressions and plateaux. Oligotrophic iron-humus-podzols and iron-podzols are the soil 
types of the Barbilophozio-Pinetum and Cladonio-Pinetum, respectively. 

In the northern boreal zone, lichen-moss-pine forests in which the ground layer consists of locally 
alternating patches of lichens and mosses cover large areas. Patches of green mosses occur in li-
chen-pine forests where the soil is shaded by a dense pine undergrowth, while lichen stands are 
found preferably in small clearings in green moss-pine forests. 
With dominant pine, the tree layer has a canopy cover of 30-60 % and a height of 8-12 m and a 
site class of IV to V. In parts Picea abies, Picea obovata (up to 10 %), Betula pubescens, and in 
eastern areas also Larix sibirica can be mixed in. In the undergrowth, Juniperus communis and 
Sorbus aucuparia grow occasionally. The northern boreal pine forests are characterised by the 
consistent participation of dwarf shrubs from forest bogs (Vaccinium uliginosum, Ledum palustre) 
as well as a great abundance of Empetrum hermaphroditum. In the field layer Vaccinium vitis-
idaea, Calluna vulgaris, Arctostaphylos uva-ursi, A. alpinus, Deschampsia flexuosa and Linnaea 
borealis also appear, sometimes in large quantities. Lichens and mosses are also frequent and 
abundant: e.g. Cetraria nivalis, Nephroma arcticum, Stereocaulon alpinum, S. paschale, Di-
cranum fuscescens, D. bergeri, D. polysetum, D. undulatum. In the lichen-pine forests, fructose 
lichens dominate (e.g. Cladina stellaris, C. mitis, C. rangiferina, C. arbuscula, Cladonia gracilis), 
while in the Green-moss-pine forests Pleurozium schreberi dominates. After forest fires that de-
stroy the vegetation of the field layer, Polytrichum piliferum, P. juniperinum and cupule lichens 
(Cladonia gracilis, C. crispata, C. cornuta, C. macroceras etc.) often spread, and in the dwarf-
shrub layer heather (Calluna vulgaris, cover up to 80 %) then often prevails. The heather phase 
can last 30-50 years before the shrub lichens reassume their positions in the ground layer and the 
remaining dwarf shrubs re-establish themselves. The subatlantic species Calluna vulgaris occurs 
in northern boreal pine forests, but only on the Kola Peninsula and further to the west. Cladina 
stellaris is usually dominant in the terminal stage of the lichen pine forests influenced by forest 
fires. 

Hygrophilous pine forests (D43) cover large, scattered, within the northern-taiga. They are dis-
tributed particularly in the sandy interfluvial areas of the north Russian lowlands, often at the edge 
of lakes and mires. The soils are oligotrophic peaty gleys and bog peats. The tree layer of these 
bog pine forests is very open (coverage 30-40 %) and low growing (6-10 m). In the field layer, 
dwarf-shrubs (Vaccinium uliginosum, Ledum palustre, Betula nana, Chamaedaphne calyculata) 
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and herbaceous mire plants (Carex globularis, Eriophorum vaginatum, Rubus chamaemorus) 
prevail. Peat mosses (Sphagnum magellanicum, S. capillifolium, S. russowii, S. warnstorfii, S. 
angustifolium) set the tone in the closed ground layer. 

The widely distributed unit D44 which occurs extensively on the Kola Peninsula and in Karelia 
represents a vegetation complex of lichen- and peat moss- dwarf shrub-pine forests as well as of 
hygrophilous spruce forests and aapa mires. 
 
D.5.2 Middle and southern to hemiboreal pine forests 

5.2.1 Lowland-colline types 

The pine forests of the middle and southern boreal sub-zones are similar to each other regarding 
their species composition and have therefore been combined into a single group. The nutrient de-
ficiency of the soils excludes the occurrence of many herb species and also contributes to the ho-
mogeneity of the unit. The cranberry-pine forest (Vaccinio vitis-idaeo-Pinetum) (D45) represents 
the most frequent and widespread pine forest community in this area. In the open tree layer (can-
opy closure 50-60 %) Pinus sylvestris dominates with a site class of IV and stem heights of 18-
20 m. Spruce (Picea abies, in the east P. obovata) and birches (Betula pubescens, B. pendula) can 
occur as admixtures while, east of the northern Dvina, Larix sibirica can also appear. As shrub 
undergrowth Sorbus aucuparia and Juniperus communis can occur occasionally in addition to the 
conifers. Vaccinium vitis-idaea prevails in the dwarf-shrub layer, and in addition to V. myrtillus 
one also often finds Calluna vulgaris (although it is absent from the north-east in the Pechora 
basin). In Fennoscandia also Empetrum hermaphroditum. Diphasiastrum complanatum, Goodyera 
repens and Pyrola chlorantha are also characteristic species. Apart from the dominant species, 
Deschampsia flexuosa, Linnaea borealis, Melampyrum pratense, Solidago virgaurea, Luzula pi-
losa, Hieracium umbellatum and Antennaria dioica also occur regularly. Dicranum fuscescens, D. 
scoparium, D. polysetum, Pleurozium schreberi and Hylocomium splendens are characteristic and 
abundant mosses, and several lichen species are also present. 

In addition to the Vaccinio-Pinetum, lichen and lichen-green moss-pine forests are also included 
in the middle and southern boreal pine forests; however, these are not so widely distributed as 
they are in the northern boreal zone. 

The unit D46 is distributed only in southern Scandinavia (Norway, Sweden) and southern Finland 
in the southern boreal sub-zone where it occupies relatively small areas. It represents a vegetation 
complex of cranberry-pine forests, lichen-pine forests as well as bog forests with pine and spruce 
(Oxycocco-Pinetum, Chamaemoro-Piceetum). The vascular plants, mosses and lichens from dry 
sites are joined by bog plants such as dwarf shrubs (Vaccinium oxycoccus, Andromeda polifolia), 
perennials (Rubus chamaemorus) and peat mosses (Sphagnum fuscum, S. capillifolium, S. rubel-
lum). Locally, more nutrient demanding spruce forests, thermophilous broadleaved forests and 
forest-free raised bogs can also occur. 

Unit D47 represents hygrophilous pine forests (Oxycocco-Pinetum, Vaccinio uliginosi-Pinetum), 
that are distributed patchily from western Finland and the Baltic to the Urals mainly from the 
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middle boreal to the hemiboreal sub-zones. They grow on oligotrophic gley-podzols, anmoor-
gleys and bog soils. In the open tree layer the dominant Scots pine is accompanied by spruce 
(Picea abies, in the east P. obovota) and downy birch (Betula pubescens). The dwarf-shrub-rich 
field layer consists mainly of mire plants and other moisture indicators such as: Ledum palustre, 
Vaccinium uliginosum, Chamaedaphne calyculata, Andromeda polifolia, Eriophorum vaginatum, 
Carex lasiocarpa, C. globularis, Equisetum sylvaticum. Peat mosses form a contiguous layer with 
Sphagnum angustifolium and S. magellanicum as the most frequent and constant species. Sphag-
num fallax, S. capillifolium, S. russowii and S. fuscum are found less frequently and with a lower 
degree of cover. Pleurozium schreberi, Dicranum polysetum, Aulacomnium palustre and Poly-
trichum strictum grow on hummocks, in peat moss-pine forests usually at the base of the tree 
stems. 

Peat moss-pine forests occur typically on mire margins, shallow hollows of plains, river terraces 
and other concave terrain forms with high standing groundwater. Where groundwater is moving, 
mesotrophic Menyanthes-peat-moss-pine forests are established. This forest community is rare 
and occupies only small areas at river headwaters, at bog margins and in terrain depressions. 
Among the oligo- to mesotrophic hygrophilous species are found Menyanthes trifoliata, Comarum 
palustre, Equisetum fluviatile, E. palustre, Calamagrostis canescens, Lysimachia thyrsiflora and 
Phragmites australis. 

Unit D48 is a vegetation complex of dwarf shrub, moss and lichen-rich pine and spruce-pine for-
ests on dry to moist and peaty sites, as well as of mires of different types (raised bogs, aapa, tran-
sitional and brown moss mires). The complex unit is island-like, sometimes covering large areas, 
distributed between southern Karelia, the Baltic foothills and the foothills of the Urals with 
strongholds in the southern boreal and hemiboreal subzones. The species composition corresponds 
to that of units D47 and D45. 

Unit D49 has its main distribution stronghold in the hemiboreal zone from the Baltic coast up to 
the Uralian foothills. It is locally distributed on dry and base-poor sandy sites within the hemibo-
real mixed herb-rich broadleaved-spruce forests (D19, D20) as well as within the southern boreal 
spruce forests (D8, D12). Consistent with the southern location and the adjacent vegetation, rich 
in deciduous broadleaved trees, the dominant pine (Pinus sylvestris) is often joined by the pedun-
culate oak (Quercus robur) in the tree layer or in the undergrowth. In the eastern pre-Uralian 
form, Larix sibirica is also occasionally intermingled. In addition to dwarf-shrubs (Vaccinium 
vitis-idaea, Calluna vulgaris, Vaccinicum myrtillus), the open herb layer contains numerous 
grasses and herbs, including many xerophytic (sand steppe) species: Festuca ovina, Carex erice-
torum, Polygonatum odoratum, Koeleria glauca, Dianthus arenarius, Pulsatilla patens, Veronica 
spicata, Thymus serpyllum, Peucedanum oreoselinum. In the open shrub layer Chamaecytisus 
ruthenicus occurs as a characteristic subcontinental, north Sarmatian species. 
 
5.2.2 Montane types 

Montane boreal pine forests occur only in the extreme west (Scotland) and extreme east of Europe 
(Urals). In the Scottish Highlands, natural, acidic, dwarf-shrub-rich pine forests (D50) are wide-
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spread. They are more or less closed, up to 18 m high pine stands on podzols or anmoor-podzols 
at altitudes of up to 600 m. In the understorey, Betula pendula, B. pubescens, Sorbus aucuparia as 
well as Juniperus communis grow occasionally. Calluna vulgaris, Vaccinium myrtillus, V. vitis-
idaea, Empetrum nigrum and Deschampsia flexuosa form the dwarf shrub and herb layers. In the 
ground layer Hylocomium splendens, Pleurozium schreberi, Dicranum scoparium, Plagiothecium 
undulatum, Rhytidiadelphus loreus and Ptilium crista-castrensis dominate. These pine forests 
differ only a little from the northern and eastern-European boreal pine forests in which, for exam-
ple, Rhytidiadelphus loreus, Listera cordata and Moneses uniflora are absent. 

The Central and Southern Uralian herb-rich pine forests (D51) show many common traits with 
southern boreal and hemiboreal pine forests of the east European lowlands and hills. They are 
distributed locally in the lower part of the montane forest belt at altitudes of 300-600 m. The tree 
layer consists of Pinus sylvestris with admixtures of Larix sibirica, Betula pendula and individual 
specimens of Picea obovata and Abies sibirica. 100-120 year-old stands are 22-25 m high. Boreal 
and nemoral woody plants occur in the undergrowth: Rosa acicularis, Sorbus aucuparia, Daphne 
mezereum, Lonicera xylosteum, Prunus padus, Viburnum opulus, Chamaecytisus ruthenicus. The 
herb layer (cover 60-80 %) is species-rich with numerous nemoral, Uralian-Siberian and xero-
phytic species, e.g. Calamagrostis arundinacea, Brachypodium pinnatum, Polygonatum odora-
tum, Melica nutans, Lathyrus vernus, Pulmonaria dacica, Stachys officinalis, Pulsatilla patens 
subsp. flavescens, Trifolium lupinaster, Aconitum lycoctonum subsp. lycoctonum, Bupleurum 
longifolium subsp. aureum. In the southern part of its range, forest steppe elements penetrate into 
the pine forests (e.g. Caragana frutex, Dracocephalum ruyschiana). 
 
D.5.3 Hemiboreal and nemoral pine forests, partly with broadleaved trees 

5.3.1 Lowland (to submontane) types 

Consistent with the broad range of sites that they colonise, the hemiboreal and in particular the 
nemoral pine forests of Europe are very polymorphous: they are distinguished from the typical 
boreal pine forests especially by a more or less well-developed undergrowth, consisting of 
nemoral deciduous woody plants. They represent transitional forms between the boreal and 
nemoral forests on one hand, and forest steppes on the other hand. As a rule, they do not show any 
specific characteristic species; their species composition often represents a motley mixture of spe-
cies from various vegetation formations, but can (especially on very base-deficient and mire sites) 
be very similar to that of the boreal pine forests. 

In the southern part of Norway and Sweden (on the islands of Öland and Gotland) there are occa-
sional pine forests on limestones (D52, D53). Due to the shallow and dry character of the soils 
only an open, mostly low tree layer of Pinus sylvestris develops. In the understorey, drought-
resistant and sometimes thermophilous tree and shrub species occur. In addition to Betula pen-
dula, B. pubescens, Populus tremula, and Sorbus aucuparia, local Sorbus species (S. intermedia, 
S. hybrida, S. rupicola, S. meinichii, S. subpinnata, S. norvegica), Juniperus communis as well as 
species of the Berberidion alliance (e.g. Berberis vulgaris, Cotoneaster integerrimus, C. niger, 
Rhamnus cathartica) contribute to the shrub layer. 
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Typical for these forests is a mixture of pine forest species (Arctostaphylos uva-ursi, Vaccinium 
myrtillus, V. vitis-idaea, Rubus saxatilis, Melampyrum pratense), nemoral, particularly thermophi-
lous broadleaved forest species (Hepatica nobilis, Melica nutans, Carex digitata, Anemone nemo-
rosa, Epipactis atrorubens, Vincetoxicum hirundinaria, Polygonatum odoratum, Convallaria ma-
jalis, Campanula persicifolia) and xerophytic plants of open forests, dry grasslands and meadow 
steppes (Festuca ovina, Sesleria caerulea, Calamagrostis varia, Carex ericetorum, Anthericum 
ramosum, Thymus serpyllum, Melica ciliata, Geranium sanguineum amongst others). In the 
ground layer, basiphilous mosses (Ctenidium molluscum, Rhytidium rugosum) and lichens occur 
in addition to the acid-tolerant Hylocomium splendens and Pleurozium schreberi. The soils are 
mostly shallow rendzinas (pH 6.5-8.0) with low water-holding capacity. 

Unit D53, distributed in Gotland and Öland is associated with more extreme dry soils and more 
continental climatic conditions and therefore naturally includes more forest-free sites and corre-
spondingly more xerophytic dry grassland and forest steppe elements (particularly Sesleria caeru-
lea, Calamagrostis varia, Anthericum ramosum, Melica ciliata, Thymus serpyllum, Viola rupes-
tris). 

The south Scandinavian- east Central European dwarf-shrub and lichen-rich pine forests (D54) 
occur in southern Sweden, east Germany and in the western and southern part of Poland. In the 
closed tree layer (60-70 % canopy cover) the pine dominates completely. An admixture of Quer-
cus robur in the tree layer and/or in the undergrowth is characteristic for these forests. Other tree 
species (Betula pendula, Picea abies) are locally scattered as individuals. The shrub layer is 
sparsely developed and contains Juniperus communis, Sorbus aucuparia and Frangula alnus. In 
the herb layer acidophilous dwarf-shrubs and grasses (Vaccinium vitis-idaea, V. myrtillus, Calluna 
vulgaris, Deschampsia flexuosa) are dominant. Also Melampyrum sylvaticum, M. pratense, 
Luzula pilosa, Chimaphila umbellata, Pyrola chlorantha, Festuca ovina and Carex digitata are 
frequent. For the central community of the mapping unit, the Leucobryo-Pinetum the mosses Leu-
cobryum glaucum, Hypnum cupressiforme and Scleropodium purum are diagnostically important. 
In addition, Pleurozium schreberi, Dicranum polysetum, D. scoparium and Hylocomium splen-
dens appear regularly. The sites have nutrient-poor sandy soils in outwash plains, on periglacial 
surfaces and high terraces of the river valleys – podzol-regosols, iron-humus-podzols and gley-
podzols. 

The east European psammophytic pine forests (D55) are distributed from north-east Poland to the 
middle Volga and to the east until the Kama. In Poland and Belarus, they belong mainly to the 
association Peucedano-Pinetum Matuszkiewicz (1962) 1973. In the east European types a number 
of diagnostically important species are lacking which show a high frequency in Poland, such as 
Peucedanum oreoselinum, Anthericum ramosum, Dianthus carthusianorum. On the other hand, in 
Russia, subcontinental and continental forest steppe species such as Veronica spicata, Koeleria 
glauca, Dianthus arenarius, D. borbasii, Centaurea marschalliana play an important role. The 
pine is the main tree species, the spruce also appears in northern and moister forms, while in the 
understorey Tilia cordata and Quercus robur grow locally. In the shrub layer, Juniperus commu-
nis, Sorbus aucuparia, Frangula alnus and sporadically Chamaecytisus ruthenicus are character-



Map of the Natural Vegetation of Europe Formation D 
 

 207  

istic. In addition to acidophilous dwarf shrubs (Vaccinium myrtillus, V. vitis-idaea, Calluna vul-
garis), drought-resistant herbs and grasses occur in the herb layer: Pulsatilla patens, Convallaria 
majalis, Veronica spicata, Peucedanum oreoselinum, Polygonatum odoratum, Festuca ovina, 
Calamagrostis arundinacea, Koeleria glauca. The ground layer of mosses (Pleurozium schreberi, 
Dicranum polysetum) and fruticose lichens is well developed. The forests grow mainly on acid 
and coarse-grained sandy soils (outwash plains, terraces, dunes). Locally in flat hollows, periodi-
cally wet and moist forms occur. 

Unit D 56 is an east European terrain-dependent vegetation complex consisting of xerophytic and 
dwarf-shrub-pine forests with moist forms and mires. 

The south-east European xerophytic pine and oak-pine forests (D57) are distributed primarily in 
the forest steppes of Ukraine and Russia between the Dniepr and the Volga. They occur on lime-
stone sites alongside a number of rivers with dry summers, in a continental climate and stand in 
close contact with steppe communities. The shrub and herb layer of the translucent pine stands 
correspondingly contain numerous steppe species: Prunus fruticosa, Chamaecytisus ruthenicus, 
Koeleria macrantha, Festuca valesiaca, Pulsatilla patens, Filipendula vulgaris, Carex supina, 
Stipa pennata. In the tree layer, Pinus sylvestris is dominant, while in the lower tree layer or the 
undergrowth Quercus robur and Tilia cordata occur. In the herb layer, boreal species are largely 
absent, and the ground layer is only weakly developed. These forests occur on calcareous sedi-
ments of the higher-lying terraces of larger rivers and their tributaries (middle Volga, Sura, 
Moksa, Voronezh, Don, Donets, Dnieper, Desna, Sejm). 
 
5.3.2 Montane (Uralian) types 

Pine forests with Pinus sylvestris and Larix sibirica are distributed in the Central and Southern 
Urals particularly on the more continental eastern slopes. 

Hemiboreal herb-rich pine forests with Larix sibirica and Tilia cordata (D58) occur on the pre-
cipitation-poor western and eastern slopes of the Urals at altitudes between 400 and 750 m. In the 
tree layer, Pinus sylvestris dominates, accompanied by Larix sibirica and Tilia cordata in the un-
derstorey. In 200 year-old stands, the pine trees may reach 26 m in height. In the open shrub layer, 
boreal and particularly nemoral woody species are represented: Rosa acicularis, Sorbus aucu-
paria, Daphne mezereum, Prunus padus, Lonicera xylosteum and Viburnum opulus. The almost 
closed herb layer consists of grasses and herbs, of which many are nemoral species: in addition to 
the dominant Calamagrostis arundinacea and Pteridium aquilinum, other species such as Ae-
gopodium podagraria, Melica nutans, Lathyrus vernus, Pulmonaria dacica, Stachys officinalis, 
Asarum europaeum, and Viola mirabilis occur. The appearance of fringe and forest steppe species 
such as Pulsatilla patens subsp. flavescens, Dracocephalum ruyschiana, Origanum vulgare and 
Galium verum is characteristic, particularly in the southern part of the range. 

The South Uralian pine forests with Chamaecytisus ruthenicus and Seseli libanotis (D59) are dis-
tributed more to the south than the preceding unit and contain a higher proportion of meadow 
steppe species. They occur on plateaux and on slopes between altitudes of 400 and 650 m where 
the annual precipitation does not exceed 500 mm. The tree layer has a similar composition to the 
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previous unit, although the small-leaved lime is completely absent. The shrub undergrowth is 
open and formed by Chamaecytisus ruthenicus, Sorbus aucuparia and Rosa acicularis. In the 
dense herb layer Calamagrostis arundinacea, Dactylis glomerata, Melica nutans, Rubus saxatilis, 
Fragaria vesca, Galium boreale and Solidago virgaurea prevail. Uralian-Siberian species such as 
Trifolium lupinaster, Geranium pseudosibericum, Bupleurum longifolium subsp. aureum and for-
est steppe species such as Seseli libanotis, Filipendula vulgaris, Dracocephalum ruyschiana are 
characteristic. In stands cleared by forest fires and logging, Chamaecytisus ruthenicus, Calama-
grostis arundinacea and C. epigejos spread easily. 

The South Uralian pine forests of unit D60 are even more strongly supplied than those of D59 
with xerophilic and steppe plants. On the eastern side of the Urals, they occupy the montane forest 
belt between 650 and 800 m altitude and grow here mainly on gentle, sometimes steep, south-
facing slopes. In the tree layer, Pinus sylvestris dominates with an admixture of Betula pendula 
and Larix sibirica. Under a relatively open tree canopy, steppe shrubs such as Prunus fruticosus, 
Spiraea crenata, Caragana frutex and Cotoneaster niger grow. The herb layer is also rich in 
grasses from open, dry forests (Calamagrostis epigejos, Brachypodium pinnatum) and steppe 
plants (Festuca valesiaca, Phleum phleoides, Koeleria macrantha, Helictotrichon desertorum, 
Veronica spicata, Dracocephalum ruyschiana, Pulsatilla patens, Dendranthema zawadskii, Cen-
taurea sibirica, Artemisia latifolia, A. sericea, A. armeniaca, Aster alpinus). Coniferous forest 
species are represented only in certain forms of these forests, e.g. by Vaccinium vitis-idaea, Or-
thilia secunda, Pyrola minor, P. rotundifolia, and Moneses uniflora. 
 
D.6 Montane to altimontane (subalpine) pine forests (Pinus peuce, P. sylvestris, P. 

kochiana) in the nemoral zone 

The group contains 4 mapping units (D61-D64) with montane to subalpine pine forests on moder-
ately dry sites in the high-mountain regions of the central Balkan Peninsula and in the Caucasus. 
These pine forests insert themselves as more or less altitude-zonal vegetation in the sub-
Mediterranean region between the montane beech/fir forests and the subalpine krummholz scrub. 
Dominant tree species include the Balkan endemic Pinus peuce (a Tertiary relict related to Pinus 
strobus) in the units D61 and D62, the widely distributed Scots pine (Pinus sylvestris) in unit D63 
and the Caucasian-Euxinian Pinus kochiana (a pine closely related to Pinus sylvestris) in unit 
D64. 

The central Balkanic Balkan pine forests (D61) are distributed as islands in the high-mountains of 
Montenegro, Kosovo, Albania, Macedonia and Bulgaria (here mainly in the Rila-Pirin moun-
tains). They occupy the altitudinal belt between the montane beech/fir forests and the subalpine 
krummholz scrub with Pinus mugo and Sorbus aucuparia (C39). Further down, Pinus heldreichii, 
Pinus nigra or P. sylvestris forests follow on. The Balkan pine, endemic to the Balkan Peninsula 
(Pinus peuce), has its optimum range at altitudes between 1500 and 2000 m. It colonises prefera-
bly fresh, moderately deep siliceous habitats, although it also forms stands on carbonate rocks. At 
the southern limit of the natural spruce range it is superior to the spruce (Picea abies) due to it 
greater resistance towards summer dryness and its considerable capacity to grow at low tempera-
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tures. At this altitudinal, level it is very vigorous and has a great disposition to rejuvenate, provid-
ing it with a competitive advantage over the beech (Fagus sylvestris s.l.) and the silver fir (Abies 
alba). In contact zones with the adjacent broadleaved and coniferous forests, the Pinus peuce for-
ests also include scattered individuals of their characteristic trees, while at the upper limit dwarf 
pines (Pinus mugo) and other subalpine woody plants occur. 

Their floristic composition consisting of widespread acidophilous coniferous forest species (e.g. 
Vaccinium myrtillus, V. uliginosum, Galium rotundifolium, Deschampsia flexuosa, which as a 
whole only colonise a small share of the area), Fagetalia and Querco-Fagetea species (e.g. 
Anemone nemorosa, Viola reichenbachiana, Euphorbia amygdaloides, Aremonia agrimonoides, 
Daphne mezereum, Dryopteris filix-mas, Poa nemoralis, Brachypodium sylvaticum, Symphytum 
tuberosum, Lamium galeobdolon), mountain range plants (Gentiana asclepiadea, G. lutea, G. 
punctata, Homogyne alpina, Polystichum lonchitis, Veronica urticifolia, Veratrum album) and 
Balkan floral elements and endemics (e.g. Rhododendron myrtifolium, Sorbus aucuparia subsp. 
fenekiana (in Bulgaria), Wulfenia carinthiaca, Bruckenthalia spiculifolia, Digitalis viridiflora, 
Potentilla aurea subsp. chrysocraspeda, P. montenegrina, Melampyrum doerfleri, M. smapicum, 
Dianthus pancicii, Sesleria wettsteinii, Knautia macedonica, K. midzorensis) is characteristic for 
this endemic forest community. Due to the isolation of the individual Balkan high-mountain re-
gions there are a number of geographical forms as well as regional associations with their own 
geographic, often regionally endemic, differential species. 

Those Balkan pine forests (D62) that colonise small areas on very steep, rocky, dry slopes on ser-
pentine at the borders of northern Albania, Montenegro and Kosovo have a special floristic char-
acter. The range of altitudes they colonise is between 1700 and 2200 m. They consist of open 
stands of Pinus peuce with added P. heldreichii and individual specimens of Fagus sylvatica with 
a sparse shrub layer consisting of Genista hassertiana, Daphne oleoides, D. blagayana, Sorbus 
aria and Rhamnus saxatilis. In the herb layer, base and acid indicators as well as serpentine spe-
cialists are involved such as Erica carnea, Vaccinium myrtillus, Globularia cordifolia, Festucop-
sis serpentini, Sesleria caerulans, Minuartia baldaccii, Thymus boissieri, Narthecium smapicum, 
Lilium albanicum and Alyssum bertolonii subsp. scutarinum. Because of their rarity and unique-
ness due to the presence of numerous local endemics, these stands demand the strictest of protec-
tive measures. 

The Balkanic pine forests (Pinus sylvestris) with Bruckenthalia spiculifolia and Hypericum ceras-
toides (D63) are distributed mainly in Bulgaria (the Rhodopes) and Greece between 1000 and 
2000 m on acidic montane brown earths and rankers. They thrive in a sub-Mediterranean high 
altitude climate with snow-rich winters and short dry periods in the summer and colonise the alti-
tudinal layer between the montane beech forests and the altimontane-subalpine spruce forests 
(D41) or the subalpine krummholz scrub (C39). They are closed, minimally stratified Scots pine 
forests, which may have formed after forest fires, at least in part (HORVAT, GLAVAČ & ELLENBERG 
1974), so that the tree layer is presumably of a uniform age and a shrub layer is either poorly de-
veloped or absent. Depending on site and altitude, the dominating Pinus sylvestris may be accom-
panied by Pinus peuce, Picea abies, Abies alba, Fagus sylvatica s.l., Pinus nigra or Quercus 
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dalechampii. In the Rhodopes, monodominant communities prevail. Mixed forests with Pinus 
nigra occur in the Rhodopes and in the Pirin mountains, while mixed forests with beech occur in 
the Pirin, Rila and Rhodope mountains and more rarely in Osogovo or the Stara Planina (BONDEV 
1991). The most important diagnostic species of the herb layer (mainly acidophytes) are Vaccin-
ium myrtillus, V. vitis-idaea, Bruckenthalia spiculifolia, Dechampsia flexuosa, Hypericum ceras-
toides, Digitalis viridiflora, Hieracium murorum and Pteridium aquilinum. 

In the corresponding mountain pine forests of the Caucasus (D64), Pinus kochiana forms the tree 
layer. The forest stands range from scrub and open forests to high-stemmed (20-40 m) closed for-
ests. They occur in climatically and geologically differing areas of the Greater and Lesser Cauca-
sus, from the foothills (600 m) to the high-mountains (to a maximum of 2500 m). 

The Pinus kochiana forests do not form a continuous altitude layer in the Caucasus, but instead 
they are distributed as islands and occupy more extreme (drier, shallower and steeper) sites than 
the altitude-zonal fir-spruce and beech forests. Their main range lies between the altimontane and 
subalpine belts. In the more continental eastern Great Caucasus, thorn-cushion vegetation (N5) 
and mountain steppes (M11) follow on further down, while higher up krummholz scrub and open 
forest continue on with Betula litwinowii, B. Raddeana and Acer trautvetteri (C43). 

The Caucasian pine forests represent both initial and secondary communities, the latter of which 
arose after the destruction of spruce forests (Picea orientalis) or altimontane broadleaved forests. 
Climax pine forests mainly populate slopes with more or less deep soils, especially where spruce, 
fir and beech are absent for climatic or historical reasons. In transitional zones to other forest 
communities (lower down and higher up), other tree species usually intermingle forming a lower 
sublayer: at lower altitudes these are usually oaks (Quercus petraea and occasionally Tilia cor-
data in the northern Caucasus, and Quercus iberica and Q. macranthera in eastern Transcauca-
sia); in the upper forest layer Betula litwinowii usually associates with the pine, while in northern 
Caucasia B. raddeana and regularly Sorbus aucuparia are involved, with Quercus macranthera 
present occasionally in Transcaucasus above 1600 m. 

Consistent with the broad range of local climatic and geological conditions as well as the varying 
types of adjacent vegetation, the composition of the understorey of Caucasian pine forests is un-
usually polymorphous. Apart from typical species of the Caucasian flora (Rhododendron caucasi-
cum, R. luteum, Daphne pontica, Ribes biebersteinii), boreal species play an important role par-
ticularly in the western part of northern Caucasia (Vaccinium myrtillus, V. vitis-idaea, Linnaea 
borealis, Pyrola spp., Lycopodium spp.) as do the mosses Hylocomium splendens, Dicranum sco-
parium, Pleurozium schreberi and Rhytidiadelphus triquetrus. On lime-rich sites, individual mon-
tane forest stands also contain local endemics in the undergrowth. 
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E Atlantic dwarf shrub heaths 

John R. Cross 

Characterisation and typological delimitation, distribution of the formation 

Heaths are characterised by the dominance of dwarf ericoid and/or genistiod shrubs that are fre-
quently admixed with grasses, mosses and lichens. They generally occur on free-draining 
oligotrophic and acidic substrates, but they occur locally on richer or less free-draining soils. 
Typically trees and true shrubs are absent or occur only as wind-stunted, dwarf forms. In many 
regions, heaths occur as secondary communities which have developed as a result of specific 
forms of land use (grazing, fire and, in places, turf-cutting), principally for sheep grazing and, in 
Great Britain, also for grouse. Due to more intensive agricultural use and/or afforestation, how-
ever, these anthropogenic heaths are declining rapidly. True climax heath vegetation occurs on 
exposed coasts and on ridges and mountain peaks, where strong wind, salt spray, low tempera-
tures, water deficit and shallow rocky soils, or a combination of one or more of these factors pre-
vent tree growth. 

Climax heaths extend from southern Iceland (not mapped for reasons of scale) and northern Nor-
way (approximately 70˚ latitude north) to north-west Spain and northern Portugal (approximately 
42˚ latitude north) (see Map 8). However, they are restricted to the Atlantic coastal fringe of 
Europe, extending to the east only as far as the south-west coast of Sweden (approximately 12˚ 
longitude east). Secondary heaths can also occur further inland and evidence of communities 
dominated by Calluna and Erica species can be found as far east as north-western Turkey. 
 
Structure and physiognomy  

Typically, Atlantic dwarf shrub heaths form a mosaic of communities which can be differentiated 
from one another by their species composition, height, structure and colour. Their development 
arises from differences in soil depth, nutrient content, soil moisture content and exposure to wind, 
sun and – on the coast – the impact of sea-spray. The dwarf shrubs occur mostly as wind-pruned 
clumps or patches, barely 50 cm tall and often reaching no more than a few centimetres in height. 
The dwarf shrubs are evergreen and have an advantage over other vascular plants due to their 
endomycorrhiza. They form a mosaic with grasses, herbs, mosses and lichens as well as unvege-
tated rocks or open sand. Locally, in sheltered sites and particularly in the more southern units, the 
dwarf shrubs can attain heights of 1 m and more, and tree species can reach 2 to 3 m high. Grasses 
and herbs either form separate synusia between the dwarf shrubs, or grow amongst or beneath 
them, and in more severely exposed sites their flower heads can protrude above the dwarf shrubs. 
Bryophytes and lichens are a constant component of these heaths and form inconspicuous com-
munities beneath the dwarf shrubs and herbaceous plants. In extreme cases, however, the crypto-
gams determine the aspect. 
 
Floristic composition 

Species from the Ericaceae are the main components of dwarf shrub heaths. Calluna vulgaris is 
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the most widespread species and has a broad north-south distribution from Iceland to the Iberian 
Peninsula. In addition, Erica cinerea shows a wide north-south amplitude, but is specific to the 
more strongly oceanic regions and is absent altogether in the eastern North Sea region. On damper 
sites Erica tetralix is common. Further south, other Erica species such as E. vagans, E. ciliaris, E. 
scoparia and E. arborea play an important role. Daboecia cantabrica is a characteristic species on 
the Iberian Peninsula and also occurs locally in western Ireland. Vaccinium and Empetrum species 
are characteristic elements of the boreo-Atlantic heaths, but their importance decreases towards 
the south as genistoid species – in particular Ulex gallii, U. europaeus, Genista anglica and Cyti-
sus scoparius – come successively to prominence as community elements. On the Iberian Penin-
sula sub-Mediterranean shrubs such as Cistus salviifolius and Daphne gnidium play an important 
role. Juniperus communis scrub is often typical of Scandinavian heaths where it can attain 10 to 
40 % coverage, but locally it can also form virtually single-species stands. 

Grasses are represented by Deschampsia flexuosa and Nardus stricta, particularly in the northern 
and montane regions. Festuca rubra, F. ovina and Danthonia decumbens occur almost every-
where, though becoming more common towards the south. Dactylis glomerata is mainly distrib-
uted in the west and south. Carex binervis is a typical heath plant in Great Britain and Ireland, and 
Carex arenaria is a characteristic component of dune heaths. Within the grassland communities a 
variety of herbs occur, e.g. Potentilla erecta, Galium saxatile, Viola riviniana, Plantago lanceo-
lata, Scilla verna and Thymus praecox and, in coastal areas, numerous maritime species such as 
Plantago maritima, Armeria maritima and Silene uniflora subsp. uniflora. Coastal heaths are also 
characterised by rock ledge vegetation tolerant to or determined by sea-spray, and also by nitro-
philous vegetation in the vicinity of bird colonies. Among the mosses, Racomitrium lanuginosum 
plays an important role in the boreal and montane communities of the north Atlantic heaths. Here 
it is frequently accompanied by Cladonia species and other lichens or – on dry sites – replaced by 
them. Lichens also play an important role in heaths on fixed dune sands. 
 
Position in the phytosociological system (syntaxa) 

The phytosociological classification of the heaths is difficult and has not yet been resolved satis-
factorily. GÉHU (1975) and RIVAS-MARTÍNEZ (1979) have summarised the main classification systems of 

different authors. The main problems lie firstly in the large number of proposed systems, which 
exist not only for different geographic regions but also within single countries. Secondly, the 
vegetation often consists of secondary heaths which are not always clearly distinguished in the 
literature. Thirdly, these communities exhibit small-scale alternation and a mosaic-like structure 
so that different associations or sub-associations frequently occur in close succession; this pre-
sents problems, particularly for accurate cartographic representation. This applies, for example, to 
mapping units E11 and E12 in north-west France. The two types are situated in close proximity 
but occupy different sites with respect to soil type and exposure. 

The Atlantic dwarf shrub heaths belong to the class Calluno-Ulicetea Braun-Blanquet et Tüxen ex 
Klika et Hadac 1944. As well as the ‘true’ heaths, the mat-grass grasslands (Nardetalia strictae 
Oberdorfer ex Preising 1949) are assigned to this class. Only two orders are listed here, with their 
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most important alliances and associations: 

a) The Vaccinio-Genistetalia Schubert 1960 have their focus of distribution beside the North Sea, 
and from there extend northwards along the boreo-Atlantic coasts and westwards via Scotland 
into the British and Irish uplands. Two alliances are distinguished: 

1) The Calluno-Empetrion boreale MacVean 1964 encompasses the boreal and the Irish-
British montane heaths (mapping units E1-E5). This alliance is composed of the following 
associations and/or communities: Rhacomitrium lanuginosum-Empetrum hermaphroditum 
community (PÅHLSSON 1994); Rhacomitrio-Callunetum MacVean et Ratcliffe 1962; Vac-
cinio-Callunetum MacVean et Ratcliffe 1962; Arctostaphylo uvae-ursi-Callunetum Tüxen 
et Preising 1949. Units H13 to H15, H17 to H22, described by RODWELL (1991b), also be-
long here. The following communities described by PÅHLSSON (1994) also fall within this 
alliance: 5.1.1.1, 5.1.1.2, 5.1.1.5, 5.1.2.1. 

2) Calluno-Genistion Tüxen 1937 encompasses the associations of the coastal heaths of Ire-
land, Great Britain, Brittany and the continental North Sea coasts (E6-E10). Specific men-
tion should be made of the Calluno-Genistetum empetrosum Tüxen 1937 (E10) and the Cal-
luno-Scilletum vernae Malloch 1971 (E6). The alliance includes the following units from 
RODWELL (1991b): H5 to H8, H10 and the communities 5.1.1.3. and 5.1.1.4 from PÅHLS-

SON (1994). 

b) The order Ulicetalia minoris Quantin 1935 comprises the dwarf shrub heaths of the Iberian 
Peninsula northwards to Brittany and the coasts of western England and Ireland (E11-E14). In 
the north they overlap with the Vaccinio-Genistetalia Schubert 1960. Two alliances can be dis-
tinguished: 

1) The alliance Ulicion minoris Malcuit 1929 includes the following associations: Ulici humi-
lis-Ericetum cinereae Vanden Berghen 1958, J.-M. et J. Géhu 1973 (E11, E12); Ulici mari-
timi-Ericetum cinereae J.-M. et J. Géhu 1973 (E12); Ulici maritimi-Ericetum vagantis J.-M. 
et J. Géhu 1973 (E13); Sileno maritimae-Ulicetum humilis Rivas-Martínez 1979 (E14). 

 2) Dactylo-Ulicion maritimi J.-M. Géhu 1973 with the association Dactylo-Sarothamnetum 
maritimi Géhu 1963 (E12). 

 
Macroclimatic factors 

Dwarf shrub heaths occur from southern Iceland and northern Norway (Loppa: average for the 
coldest month -2 °C, average for the warmest month 11 °C) to the north-west of the Iberian Pen-
insula (Santiago: average for the coldest month 7 °C, average for the warmest month 19 °C). Thus 
they extend across several climate zones (V to VIII) and across two main forest zones (boreal and 
temperate): the mesophytic and hygromesophytic coniferous and mixed deciduous-coniferous 
forests (formation D) and the mesophytic nemoral deciduous forests and mixed coniferous-
broadleaved forests (formation F). The common features are the distinctive oceanic climate, the 
absence of severe frosts, regular rainfall of approximately 700 mm in southern Sweden to over 
1400 mm on the Atlantic coasts of Great Britain, Ireland and Spain, the absence of or negligible 
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water deficits in the summer and – particularly in the northern regions – constant strong winds. In 
combination these characteristics favour the growth of ericaceous and gorse and broom species 
and retard the growth of trees and tall shrubs. 

Over most of their range, the natural Atlantic dwarf shrub heaths are specific to coasts; however, 
in Ireland, Great Britain and Scandinavia they also occur at higher elevations above the tree line. 
Here the damp, cool (but not excessively cold), cloudy and often extremely windy climate is con-
ducive to the formation of heaths on slopes with well-drained soils. In drier, more continental 
conditions, similar sites are colonised by alpine grasslands. In the Scottish highlands, where there 
is a transition from heath vegetation to tundras and alpine vegetation (formation B), certain heath 
communities alternate with snowbed vegetation. In the Faroe Islands, where there is a strong oce-
anic affinity and no trees and shrubs occur naturally, grassland communities make up a high pro-
portion of the vegetation complex due to the more nutrient-rich soils. 
 
Site conditions 

Coastal heaths are largely confined to a very narrow belt that seldom exceeds 1 km in breadth and 
is frequently a good deal narrower. Here the wind and also, to a certain extent, salt spray inhibits 
the growth of trees and large shrubs. Varying severity of exposure to wind, sea-spray and sun 
causes considerable physiognomic modifications in the communities. Montane heaths usually 
occur above 300 m and in the Scottish highlands they extend up to an altitude of 1400 m. The 
parent rocks are usually base-poor sandstones, slates, gneisses or granites as well as stabilised 
aeolian sands that contain a low calcium carbonate content. Locally, heaths also occur on more 
base-rich rocks such as the communities on serpentine in Brittany and Cornwall (E13), although 
these also have a low calcium content. The sea-spray is an important supplier of trace minerals to 
the coastal heaths. Depending on the orientation and distance from the sea, the variation in con-
centrations of sodium, chloride and other ions influences the species composition. 

The mainly well-drained soils tend to be podzols, rankers, dry peats or, locally, brown earths with 
a raw humus strata. The pH-value is usually between 4.5 and 5.5 but can rise locally to as high as 
7. If the drainage is impeded, heaths are replaced by blanket bogs in the mountains (subformation 
S.1 ombrotrophic mires) or by small sedge communities on coastal sites (subformation S.3 min-
erotrophic mires). The vegetation known as ‘wet heaths’ with Erica tetralix, occurring on thin, 
waterlogged peats in Great Britain and Ireland, represents a transition to blanket bogs but is in all 
probability an anthropogenic community. Upon cessation of grazing and burning they would 
probably revert to scrub composed of Betula pubescens, Salix aurita and S. atrocinerea. 
 
Role in structuring the landscape 

Although the coastal heaths are confined to a narrow band, they represent striking and characteris-
ing elements of the coasts and often appear to be more extensive than they are in reality. They are 
especially impressive when the heath species or broom and gorse bushes are in bloom, and the 
landscape takes on a violet or yellow hue that contrasts strikingly with the rocks, sea and sky. 

On the seaward side, coastal rocky heaths usually have adjacent rock-ledge and rock-crevice 
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communities of the Crithmo-Staticetea Br.-Bl. in Br.-Bl. et al. 1952 and Crithmo-Armerion mari-
timae Géhu 1968. On flatter coasts the neighbouring vegetation consists of a variety of sand-dune 
and salt-marsh communities (Formation P). Inland, different scrub and forest communities border 
the dwarf shrub heaths, varying in character according to latitude and soil type. In the north, for 
example, complexes of birch and pine forests occur (e.g. C2, D50), while the central and southern 
Atlantic heaths are accompanied by various oak or mixed-oak forests (e.g. F2, F7, F8, F31, F32). 
In the north and at high altitudes they form transitions to tundra or tundra-like vegetation (forma-
tion B), while at their southern limit they meet Mediterranean sclerophyllous deciduous forests 
(formation J). 

The montane heaths – particularly in Scotland – are much more extensive than the coastal heaths 
and form wide, open areas in which the pattern of the vegetation units in varying colours, along 
with the alternation of light and shade, contributes to the unique character of the British and Irish 
uplands. Like the coastal heaths they are especially striking when Calluna vulgaris and Erica 
cinerea are in bloom. 
 
State of preservation, land use, substitute communities; nature conservation 

The area of heath landscapes has decreased substantially in recent years. This is particularly true 
of the secondary heaths where traditional agricultural use had been abandoned, to be replaced 
either by successional growth of scrub or forests or by afforestation of the land with conifers. 
Some afforestation has also taken place in areas with climax heaths – especially montane heaths. 
The natural coastal heaths have suffered more severely from the intensification of agriculture (e.g. 
land reclamation, arable farming), increasing recreational pressure and building development. 
Recreational use also represents a threat in montane regions, skiing in Scotland being a case in 
point. Frequently the vegetation in these units also suffers from overgrazing. Inputs of nutrients 
increase the proportion of grasses and graminaceous vegetation which can become dominant at 
the expense of the dwarf shrubs. Some plant communities and species are threatened by the above 
mentioned factors. On the other hand, montane and coastal heaths in remote and inaccessible ar-
eas are relatively safe. 

Small sections of coastal heaths and larger areas of montane heaths in Great Britain and Ireland 
are safeguarded in nature reserves and national parksProtected areas are being planned in the 
Scandinavian countries; no relevant information was available for other countries. 
 
Classification into subunits 

The Atlantic dwarf shrub heaths are subdivided into 4 groups: (1) the boreo-Atlantic coastal and 
montane heaths, (2) the north-west European coastal heaths, (3) the west European coastal heaths 
and (4) the south-west European coastal heaths. This apparently rather arbitrary division is based 
essentially on the temperature gradient which is influential in determining the occurrence or ab-
sence of particular species. Sharply defined boundaries do not exist, however; rather there is a 
gradual change in the abundance of species (see Table 11). 
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Table 11: Floristic structure of the Atlantic dwarf shrub heaths (Formation E). 

No. of the mapping unit E1 E2 E3 E4 E5 E6 E7 E8 E9 E1
0

E1
1

E1
2

E1
3

E1
4Location in Europe Boreo-Atlantic north-western western sw 

Dwarf shrubs and scrub:               
Calluna vulgaris d d d d d d d d d d d d x .
Vaccinium vitis-idaea x x x x x . x d x . . . . .
Vaccinium myrtillus x . . d d . x x x . . . . .
Empetrum nigrum . . x x x . x x d d . . . .
Vaccinium uliginosum d d d x . . x . . . . . . .
Juniperus communis (+ subsp. alpina) x x . x x . . x . . . . . .
Arctostaphylos uva-ursi x . . x . . . x x . . . . .
Empetrum hermaphroditum d d d x x . x . . . . . . .
Arctostaphylos alpinus x x x x . . . . . . . . . .
Loiseleuria procumbens . x x x . . . . . . . . . .
Rubus chamaemorus . x . x . . . . . . . . . .
Cornus suecica . x . . . . . . . . . . . .
Salix glauca . x . . . . . . . . . . . .
Salix lapponum . x . . . . . . . . . . . .
Betula nana . x . . . . . . . . . . . .
Erica cinerea d . . . x d x . d . d d d d
Erica tetralix x . . . . x x x x x . . d .
Betula pubescens . . x . . . x . . . . . . .
Pinus sylvestris . . x . . . x . . . . . . .
Salix repens subsp. dunensis . . . . . x . . x x . . . .
Genista pilosa . . . . . . . . d . . . .
Genista anglica . . . . . . . . . d . . x .
Genista tinctoria . . . . . . . . . (x) . . . .
Ulex gallii subsp. gallii f. humilis . . . . . . . . . . d [x] d d
Ulex Europeeus subsp. latebracteatus . . . . . . . . . . . d d d
Erica vagans . . . . . . . . . . . . d d
Cytisus scoparius subsp. maritimus . . . . . . . . . . . d . .
Rosa pimpinellifolia . . . . . . . . . . [x] x . .
Erica ciliaris . . . . . . . . . . . . [x] .
Daboetia cantabrica . . . . . . . . . . (x) . . .
Daphne gnidium . . . . . . . . . . . . . x
Genista hispanica subsp. occidentalis . . . . . . . . . . . . . x
Smilax aspera . . . . . . . . . . . . . x
Herbs:               
Festuca ovina . x . . x d . x . x d x x .
Danthonia decumbens x . x . . x x x x x x x x .
Potentilla erecta x . . . x x . x . x x x x .
Agrostis capillaris x . . . . x . d . (x) (x) . . .
Anthoxanthum odoratum x . . . . x . . . . x x . .
Festuca rubra x . . . . x . . . . x x . x
Deschampsia flexuosa x x x x x x . x . x . . . .
Galium saxatile x . . x x . x d x . . . . .
Carex pilulifera x . x . . . x x x x . . . .
Nardus stricta x . . . x . x . x x . . . .
Carex binervis x . . . x . . . x . . . . .
Juncus squarrosus x . . . . . . . (x) . . . . .
Eriophorum vaginatum . x x . . . x . . . . . . .
Dactylorhiza maculata . . x . . . x . x . . . . .
Pteridium aquilinum . . x . . . x . x . . . . .
Festuca vivipara x . . . . . . . . . . . . .
Luzula congesta x . . . . . . . . . . . . .
Carex bigelowii . x . x x . . . . . . . . .
Juncus trifidus . x . . . . . . . . . . . .
Calamagrostis lapponica . x . . . . . . . . . . . .
Diphasiastrum alpinum . . . . x . . . . . . . . .
Alchemilla alpina . . . (x) . . . . . . . . . .
Carex nigra . . . . . x . x . . . . . .
Polygala vulgaris . . . . . . x . x . . . . .
Carex ovalis . . . . . . x . x . . . . .
Veronica officinalis . . . . . . x . x . . . . .
Narthecium ossifragum . . . . . . x . (x) . . . . .
Achillea millefolium . . . . . . . x . . . . . .
Campanula rotandifolia . . . . . . . x . . . . . .
Carex panicea . . . . . . . x . . . . . .
Luzula campestris . . . . . . . x . . . . . . 
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No. of the mapping unit E1 E2 E3 E4 E5 E6 E7 E8 E9 E1
0

E1
1

E1
2

E1
3

E1
4Location in Europe Boreo-Atlantic north-western western sw 

Trichophorum cespitosum . . . . . . . x . . . . . . 
Eriophorum angustifolium . . . . . . . x . . . . . . 
Carex arenaria . . . . . . . . d d . . . . 
Polypodium vulgare . . . . . . . . . x . . . . 
Pyrola rotandifolia . . . . . . . . . x . . . . 
Lotus corniculatus . . . . . x . . . x x x x (x) 
Scilla verna . . . . . x . . . . (x) x x (x) 
Holcus lanatus . . . . . x . . . . x x . . 
Thymus praecox . . . . . x . . . . x x . . 
Hypochaeris radicata . . . . . x . . . . x x . . 
Succisa pratensis . . . . . x . x . . . . x . 
Polygala serpyllifolia . . . . . . x . x . . . x . 
Molinia caerulea . . . . . . . x . x . . x . 
Plantago maritima . . . . . x . . . . x . . . 
Plantago lanceolata . . . . . x . . . . x . . . 
Dactylis glomerata . . . . . . . . . . x x x x 
Daucus carota subsp. gummifer . . . . . . . . . . (x) x x x 
Anthyllis vulneraria s. l. . . . . . . . . . . x x . x 
Brachypodium pinnatum . . . . . . . . . . x x . x 
Silene vulgaris . . . . . . . . . . . x . x 
Armeria maritima . . . . . . . . . . x x . . 
Viola riviniana . . . . . . . . . . x . x . 
Carex flacca . . . . . . . . . . x . x . 
Sanguisorba minor . . . . . . . . . . x . . . 
Rubia peregrina . . . . . . . . . . . [x] . . 
Schoenus nigricans . . . . . . . . . . . . d . 
Agrostis vinealis . . . . . . . . . . . . x . 
Anagallis tenella . . . . . . . . . . . . x . 
Carex hostiana . . . . . . . . . . . . x . 
Carex pulicaris . . . . . . . . . . . . x . 
Serratula tinctoria . . . . . . . . . . . . x x 
Lithodora diffusa . . . . . . . . . . . . . x 
Koeleria macrantha . . . . . . . . . . . . . x 
Mosses and lichens:               
Racomitrium lanuginosum d d d d d . x . x . . . . . 
Pleurozium schreberi x x . x x x x d . d . . . . 
Dicranum scoparium x . . x x x . d . d x . . . 
Hypnum cupressiforme x . . . d x . x . x x . x . 
Ptilidium ciliare x x . . . . . x . . . . . . 
Cladina portentosa x . . x x . . . . x . . . . 
Rhytidiadelphus loreus . . x x x . x . x . . . . . 
Plagiothecium andulatum . . x x x . x . x . . . . . 
Bazzania trilobata . . x . . . x . x . . . . . 
Hypnum jutlandicum . . x . . . x . x . . . . . 
Cladonia spp. . . x . . . . x . . . . . . 
Hylocomium splendens . . . x x x . . . . . . . . 
Cladonia impexa . . . (x) (x) . . . . x . . . . 
Cladina arbuscula . . . d x . . . . x . . . . 
Cetraria aculeata . . . x . . . . . x . . . . 
Cladonia furcata x . . . . . . . . . . . . . 
Leucobryum glaucum x . . . . . . . . . . . . . 
Dicranum polysetum x . . . . . . . . . . . . . 
Cladina mitis . x . . . . . . . . . . . . 
Cladina stellaris . x . . . . . . . . . . . . 
Nephroma arcticum . x . . . . . . . . . . . . 
Ochrolechia frigida . x . . . . . . . . . . . . 
Sphaerophorus globosus . x . . . . . . . . . . . . 
Barbilophozia floerkei . x . . . . . . . . . . . . 
Dicranum fuscescens . x . . . . . . . . . . . . 
Cladonia uncialis . . . x x . . . . . . . . . 
Sphagnum spp. . . x . . . . . . . . . . . 
Cetraria islandica . . . x . . . . . . . . . . 
Polytrichum alpinum . . . . x . . . . . . . . . 
Herbertus aduncus . . . . x . . . . . . . . . 
Pleurozia purpurea . . . . x . . . . . . . . . 
Scleropodium purum . . . . . . . . x x . . . . 
Cladonia chlorophaea . . . . . . . . . x . . . . 
Platismatia glauca . . . . . . . . . x . . . . 
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4Location in Europe Boreo-Atlantic north-western western sw 

Campylium stellatum . . . . . . . . . . . . x . 
Riccardia multifida . . . . . . . . . . . . x .
Riccardia chamedryfolia . . . . . . . . . . . . x . 

 
Subgroups:      Explanations: 
1-5:  Boreo-Atlantic coastal and mountain heaths  d = codominant 
6-10: Northwest European coastal heaths   x = regular occurence (listed in data sheets) 
11-13: West European coastal heaths    (x) = local occurence (only in specific types) 
14:  Southwest European coastal heaths   [x] = occasional occurence 
 

The boreo-Atlantic heaths encompass the coastal heaths of Iceland, the Faroe Islands and west-
ern Norway (E1, E2, E3) as well as the montane heaths of Great Britain and Ireland (E4, E5). 
Characteristically Calluna vulgaris is accompanied by boreal species such as Empetrum hermaph-
roditum, Arctostaphylos alpinus, Vaccinium uliginosum and an abundance of mosses and lichens. 
Vaccinium vitis-idea, V. myrtillus, Deschampsia flexuosa, Nardus stricta and the bryophyte Ra-
comitrium lanuginosum also form important elements. In the strongly oceanic climate of the Faroe 
Islands, the vegetation is dominated by Erica cinerea together with Nordic elements, in com-
plexes with poor grasslands and Racomitrium heaths (E1). The boreo-Atlantic heaths of the north-
ernmost unit (E2) have a tundra-like appearance with a dwarf shrub cover of Empetrum hermaph-
roditum and Loiseleuria procumbens and a patchy layer of lichens and mosses. The structure of 
some communities includes isolated Betula nana, Salix lapponum and S. glauca shrubs as well as 
a layer of ericaceous dwarf shrubs and lichens. The Atlantic dwarf shrub heaths on siliceous rock 
types above the tree line (E4, E5) are largely restricted to Great Britain and Ireland. They show a 
marked gradient from the rainier, milder west with abundant Racomitrium lanuginosum and Hyp-
num cupressiforme accompanied by oceanic species such as Blechnum spicant, Hypericum pul-
chrum and Carex binervis, towards the drier and colder east, where lichens are frequently domi-
nant. 

The range of north-west European coastal heaths is centred on the North Sea and extends from 
North Friesland and south-west Sweden, northwards along the south-west coast of Norway and 
westwards along the Scottish coast. In these heaths, the importance of northern elements such as 
Empetrum hermaphroditum and specific mosses, such as Racomitrium lanuginosum, Rhytidiadel-
phus loreus as well as lichens decreases, whereas herb species such as Thymus praecox, Lotus 
corniculatus, Erica cinerea and E. tetralix become more common. Both a north-south gradient 
and a west-east gradient can be identified. This becomes clear particularly on the Scottish coastal 
heaths, where Erica tetralix is common on the west coast while Empetrum nigrum and lichens are 
common on the east coast. E6 represents the westernmost unit, for which Erica cinerea and Scilla 
verna in combination with grasses and herbs, are characteristic. Similar communities containing 
the maritime Erica cinerea, but also with northern elements, occur in south-west Norway, and 
differentiate E7 and E9 from the remaining Scandinavian units. E8 is a corresponding community 
on the south-west Swedish coast, in which Vaccinium myrtillus and V. vitis-idaea occur together 
with Erica tetralix on damper sites. This species, along with Empetrum nigrum, decreases towards 
the east. Coastal heaths on decalcified fixed dunes (E9, E10) are clearly characterised by Carex 
arenaria and Salix repens subsp. dunensis. In the south of Norway Erica cinerea and Juncus 
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squarrosus are also present in these dune heaths. Similar stands occur sporadically on the northern 
and eastern coast of Scotland, but the main focus for dwarf shrub heaths on sand dunes is in Den-
mark and on the North Friesian islands (E10). Here, Erica cinerea is absent but in its place Geni-
sta species (Genista pilosa, G. anglica, G. tinctoria) become more common, especially towards 
the south. 

In the west European coastal heaths northern elements are almost completely absent, and spe-
cies with a southern and/or pronounced oceanic affinity play an increasingly important role: be-
sides Erica cinerea of particular importance are Ulex gallii, U. europaeus and Erica vagans. E12 
is a readily distinguishable unit in north-west France, for which Cytisus scoparius subsp. mari-
timus and Ulex europaeus subsp. latebracteatus are characteristic. Ulex gallii subsp. gallii f. hu-
milis reaches the northern limit of its distribution in southern Scotland and, among others, is a 
diagnostically important species of unit E11. This unit represents the dominant coastal heath 
community in England (mainly on the west coast), Wales and Ireland and extends as far south as 
north-west France. Here Ulex gallii subsp. gallii occurs together with Calluna vulgaris, Erica 
cinerea, Scilla verna and poor grasslands of Festuca rubra, F. ovina and Danthonia decumbens. 
Furthermore Ulex species are characteristic components of the geographically narrowly restricted 
Erica vagans heaths with Schoenus nigricans on serpentine in Brittany and in the extreme south-
west of England (E13). 

The south-west European coastal heaths of northern Spain and northern Portugal are character-
ised by species with a southern distribution such as Daphne gnidium and Lithodora diffusa, which 
occur together with Ulex europaeus, U. gallii subsp. gallii, Erica cinerea and E. vagans (E14). 
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Map 8: Distribution of formation E: subgroups and mapping units of the Atlantic dwarf shrub heaths (E1-E14). 

 

Boreo-Atlantic coastal and mountain heaths: E1-E5 
North-west European coastal heaths: E6-E10 
West European coastal heaths: E11-E13 
South-west European coastal heaths: E14 
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F  Mesophytic broadleaved deciduous and mixed broadleaved/conifer forests 

Wladyslaw Matuszkiewicz 

Characteristics and typological delimitation 

The concept of this formation encompasses mainly deciduous forest communities representing the 
zonal vegetation of more or less oceanic regions of the temperate zone. They are comprised exclu-
sively or predominantly of a small number of deciduous tree species. 

The Formation does not include thermophilous deciduous forests dominated by the various sum-
mer-green oak species that occur in the warm temperate to sub-Mediterranean zone (Formation 
G), nor azonal communities influenced by underground flowing water or high water tables in mire 
ecotones, swamps and riparian woodlands (Formations T and U). Between these communities and 
the broadleaved deciduous forests can be found zones of continuous transition. Transitions also 
occur to the coniferous forest formations (Formations D8, D9, D12 and K1 on the 1:10000000 
scale overview map) as well as the steppe Formation L, though only in the ranges where they ver-
tically or latitudinally overlap. 

Floristic-structural and physiognomic characteristics were key to the characterisation of Forma-
tion F and its differentiation from the coniferous Formation D. The boundary between the two 
formations coincides with the floristic shift towards coniferous forest elements in natural stands. 

As interpreted here, the Formation F does not exactly match any circumscription in the known 
concepts of forest formations. However, the present approach largely corresponds to the concept 
of European nemoral broadleaved deciduous forests applied by some Russian authors.   
 
Geographical distribution 

The main distribution area of the mesophytic deciduous forests as circumscribed in Formation F 
stretches from western Europe in northern Portugal, northern Spain, western France, Ireland and 
Great Britain across Central Europe to southern Scandinavia, Lithuania, southern Belarus and the 
Ukraine, and in Russia as a narrow band extending into the Southern Urals. The summer-green 
deciduous forests can be regarded as the zonal vegetation type in this area, with the exception of 
the higher areas of the mountains (see Map 9). Towards the north-east a rather broad mixed forest 
zone (D8a on the 1:10000000 scale overview map) ushers in the transition to the boreal conifer-
ous forests. In this region communities of the pure deciduous forest type are still found in many 
cases in suitable habitats. The southern boundary of Formation F runs from northern Portugal 
through northern Spain, Corsica, Sicily, central Greece, northern Turkey and the Caucasus region. 
In these regions representatives of the present Formation, namely beech and oak-hornbeam for-
ests, push deep into the range of thermophilous oak forests of the Mediterranean and forest steppe 
zones. This they do either extra-zonally in climatically locally favourable sites such as on north 
slopes, on groundwater-influenced floodplain-like sites in valley bottoms (such as in central Italy 
or in the Balkans), or as a markedly montane vegetation belt in the northern Spanish, southern 
Italian and southern Balkan Mountains (on Mt. Etna in part at elevations of up to 1200-2100 m 
a.s.l.). 
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Stand structure and physiognomy 

The prevailing growth form that determines the appearance of these communities is the tro-
pophytic tree with periodically bare crowns. These trees also have pronounced annual tree rings in 
the wood, well developed, often thick bark and medium-sized, meso- to hygromorphic, annually 
produced leaves. The obligate autumn colour change and falling of the leaves can be interpreted 
as an adaptation to frost desiccation. These characteristics are hereditarily fixed and thus species-
specific. Although deciduous trees always dominate, conifers can join the deciduous trees in vary-
ing proportions in some regions. 

Stands tend to be 20-30(-40) metres tall, with one or two storeys, in exceptional cases even three, 
in which case conifers form the mostly open highest crown layer. The shrub layer is variably de-
veloped depending on crown closure, and can be practically absent under a fully closed canopy. 
The structure of the tree and shrub layers is in most existing European forests anthropogenically 
influenced and depends strongly on the prevailing forms of use and management. 

The herb layer is mostly well developed; only on nutrient-poor sites is it sparse. It is comprised 
for the most part of hemicryptophytic herbs and grasses. Chamaephytes, and indeed most dwarf 
shrubs, play a significant role only in the ecological transition zones to the coniferous forests. 
Therophytes are practically absent. The not insignificant proportion of geophytes, by contrast, is 
characteristic of these forests. They are especially abundant in base-rich, nutrient-rich expressions 
of the communities and can decisively shape the appearance of the herb layer before the trees leaf 
out in spring. A moss layer is in most cases scarcely developed, aside from certain mainly edaphi-
cally acidic expressions, in which mosses and also in part fruticose lichens can play a significant 
role. 

The seasonal rhythm and regular progression of certain seasonal aspects is very characteristic of 
the broadleaved deciduous forest formation. These are temporal synusia that take advantage of the 
changing site conditions, namely light. In general, four distinct physiognomic phases can be dis-
tinguished: 

a) the geophyte phase in late winter and early spring; 

b) the hemicryptophyte phase in summer after the trees have completely leafed out; 

c) the colourful phase of early autumn, when the leaves change their colours; 

d) the dormant phase with bare trees in late autumn and winter. 

The prevalent concept of the four seasons can likely be traced back to the continuous yearly 
change in the above mentioned phonological phases of the European deciduous forests. 

Evergreen woody species (other than the regionally intermixed conifers) are completely absent 
from the tree layer and are present in the shrub layer only in oceanic regions with mild winters. In 
the ground vegetation, however, there are numerous winter-green or semi-winter-green perennial 
herbs and grasses that enjoy the protection of the timely snow cover. They are even capable to a 
certain extent of assimilation at this time of year given the right circumstances, such as a thaw. 
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Floristic composition (species composition) 

The forests treated here are species-poor from a floristic standpoint, especially as regards the tree 
layer, when compared with their East Asian and Atlantic North American counterparts. In fact, 
only seven species can be considered to form stands: European beech and oriental beech (Fagus 
sylvatica s.lat.), hornbeam (Carpinus betulus) and both oak species, i.e., the common oak (Quer-
cus robur) and the sessile oak (Q. petraea); furthermore in western regions and locally elsewhere 
the ash (Fraxinus excelsior) and in the eastern part of the nemoral zone of Europe the small-
leaved lime (Tilia cordata). Other species, such as the elms (Ulmus glabra, U. minor), the Nor-
way maple and sycamore (Acer platanoides, A. pseudoplatanus) and the broadleaved lime (Tilia 
platyphyllos) are mainly admixed as individuals and play a greater role at a regional level or in 
specific habitats. Light-seeded, small-leaved woody species such as birches (Betula pendula, B. 
pubescens), aspen (Populus tremula) and sallow (Salix caprea), amongst others, are mostly only 
of significance in early pre-forest successional stages. In some regions conifers can participate in 
the construction of stand structure to varying degrees; this is particularly true of silver fir (Abies 
alba) and spruce (Picea abies) in the montane zone of the Central European mountains, and of 
pine (Pinus sylvestris) on edaphically acidic sites in the eastern lowlands. 

Of the main tree species mentioned above, only the common oak is found throughout the entire 
range of the Formation, although it can behave quite differently in different regions. The other 
tree species have a limited range and exhibit a distributional sequence along the oceanity gradient. 
In the central belt of the nemoral zone, the European beech scarcely reaches the region between 
the Warta and Wisla Rivers, the sessile oak only crosses and Bug-Dniester line a short distance, 
the hornbeam is completely absent in the west and in the east essentially stops at the Dnieper 
(though occurring in the Crimea and the Caucasus) and the ash is absent in the trans-Volga region. 
The small-leaved lime, by contrast, increases in importance as one goes east. 

The main core of the nemoral deciduous forest flora is formed by European or European-western 
Siberian species of the temperate zone with an oceanic to sub-oceanic distributional tendency. 
They are primarily mesophilous, meso- to eutraphent shade species. In terms of their historical 
genetics, they can be attributed for the most part to the Holarctic-Tertiary evolutionary lineage of 
the Pliocene flora and form here the Central European genetic group. 

A group of deciduous broadleaved forests with special status are those in which the oriental beech 
(Fagus sylvatica subsp. orientalis and related forms) as well as the oriental hornbeam (Carpinus 
orientalis) replace their Central European relatives as geographical vicariants. The genera Quer-
cus and Acer are also represented here by several species that do not occur in the west. The forests 
are characteristic especially of the Caucasus region, although they also occur in a depauperate 
form in the Crimea and in the Instranca Range of the Bulgarian-Turkish border region. They are 
extraordinarily species-rich and characterised by several species species, in part evergreens, that 
are interpreted to be relicts of the Arcto-Tertiary flora (e.g., Rhododendron ponticum, Prunus lau-
rocerasus, Daphne pontica as well as Zelkova carpinifolia, Parrotia persica, Acer hyrcanum and 
others). With their large-leaved growth forms, numerous evergreens in the undergrowth and di-
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verse lianas, these exceedingly lush forests convey the impression of warm temperate or even 
subtropical rain forests (compare with Formation H). 
 
Position in the phytosociological system (syntaxa) 

From a phytosociological standpoint, this physiognomically defined Formation is rather heteroge-
neous. It does not, as is often assumed, coincide with the class Querco-Fagetea Br.-Bl. et Vlieger 
in Vlieger 1937 or the order Fagetalia sylvaticae Pawłowski et al. 1928. From this order it in-
cludes only the communities of the alliances Fagion and Carpinion. The species-poor acidophi-
lous oak forests, in part with birch, beech and/or pine, also belong to the Formation. They have 
been considered to be either a component of the order Quercetalia roboris Tx. 1931 as representa-
tives of a distinct class (Quercetea roboris Br.-Bl. Et Tx. 1943) or have in recent times been 
placed by several authors in the class Querco-Fagetea – an approach that is however controver-
sial. Without going into the details of the syntaxonomic points of contention, the circumscription 
of our Formation F can be summarised as overlapping with the following syntaxa: Quercetalia 
roboris, Carpinion betuli, Quercion roboris-Tilion cordatae, Luzulo-Fagion, Fagion sylvaticae 
and Rhododendro pontici-Fagetalia orientalis. 
 
Macroclimatic factors 

The mesophytic broadleaved deciduous forests are at a broad scale tied to certain ecological habi-
tat factors, and specifically to the macroclimatic conditions. Their distributional range corre-
sponds to the climate types V and VI of WALTER et al. (1975). A temperate climate predominates, 
with pronounced, though not too long of winters and a continuously positive precipitation budget, 
which is in addition rather uniformly distributed over the entire year, usually with a summer 
maximum. The climatic conditions within the nemoral zone are vary quite clearly in their specif-
ics both with respect to both temperature and precipitation. The oceanity/continentality gradient is 
a defining factor for the regional classification of deciduous forests. Corresponding to this gradi-
ent, the following vegetation types progressively replace each other from the Atlantic coast inland 
into the European lowlands and hill country: 

a) ash-common oak forests, 

b) beech and oak-beech forests, 

c) oak-hornbeam forests (both Quercus species, in part with beech), 

d) oak-hornbeam forests without beech, 

e) common oak-hornbeam forests, rich in lime (Tilia), 

f) lime-common oak forests, rich in Norway maple, 

g) mixed lime forests rich in Edellaubholz1 species. 

To the east and north-east pine and fir occur as a sub-dominants in low-lying areas. 

                                                            
1 Broadleaved trees such as Acer spp.,  Fraxinus excelsior, Ulmus spp., and Tilia spp. 
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The range limits of deciduous forests in Europe are probably also climatically determined. In the 
north the transition to the coniferous forest zone is likely determined by late frosts and the short 
vegetation period, while in the south-east towards the steppe and forest steppe regions the unfa-
vourable water budget during the hot summers is likely decisive. In the oceanically influenced 
south, the transition to the warmth-requiring and increasingly winter-green formations is primarily 
determined by temperature and summer dryness. 

The vertical distribution of deciduous broadleaved forests is also climatically determined. In the 
actual nemoral zone, i.e. in western and Central Europe, they extend from the lowlands into the 
montane zone, where mixed or pure conifer forests gradually replace them. In southern Europe the 
corresponding belt of broadleaved forests is pushed increasingly higher into the mountains the 
further one goes south, ultimately reaching the high montane zone. In some southern European 
mountain ranges, deciduous broadleaved forests in fact form the upper forest line.  
 
Site factors 

The European broadleaved forests possess a strikingly broad ecological amplitude with regard to 
their substrate and soil preferences. Especially in the western part of their range they occupy vir-
tually all of the sites suitable for forests. The only sites that are avoided are persistently or peri-
odically wet soils, on which they are replaced by hygrophilous communities such as deciduous 
swamps, mire ecotones or floodplain forests. The mesophilous broadleaved forest thus occurs on 
deep to shallow, coarse to fine-textured soils that vary from nutrient-poor to decidedly rich, 
strongly acidic to weakly alkaline and dry to moderately moist. However, phytosociologically 
very different communities can develop depending on site factors; these also differ greatly in their 
productivity and suitability for forestry. With increasing climatic continentality in eastern parts of 
Central Europe and further to the east, the ecological amplitude of broadleaved forests narrows 
considerably in that they become increasingly out-competed on nutrient-poor, mainly sandy soils 
by less nutrient-demanding conifer forests. Pure deciduous forests in these areas are more nar-
rowly restricted to soils with higher productivity. 

The characteristic soil type in the entire European range of the mesophilous deciduous broad-
leaved forests is the Cambisol. This applies to the average, typical expressions of this type insofar 
as the development of the corresponding vegetation and soil types are steered by and bear the 
imprint of the same climatic factors. Besides Cambisols, other frequent soil types include Para-
Cambisols and Pseudogley soils. Other soil types are also characteristic for expressions of the 
type that deviate from the typical at the edge of its range. All ‘moist’ expressions with Gley and 
Pseudo-Gley soils, for instance, are closely related, and podzolic soils are to varying degrees typi-
cal for acidophilous oligo- to mesotraphent forests. Rendzinas and terra fusca, by contrast, play 
only a locally important role as sites for deciduous forests. 

Like the soil type, the humus form also varies across a broad spectrum. Although the mull humus 
type is characteristic for all species-rich deciduous forests, there are also moder and even mor 
humus types in typologically marginally related expressions or in degraded stands. 
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Role on the landscape; state of conservation; land use and replacement communities 

In most regions of the European nemoral zone, the mesophytic deciduous forests represent the 
climatically zonal vegetation type. For the western European lowlands and hill country, this ap-
plies to every habitat except moist to wet sites on floodplains, swamps and mires. In the east, the 
vegetation composition is more complex, in that mixed or even pure conifer forests naturally oc-
cupy all nutrient-poor and mainly sandy sites. In Poland, however, the potential natural vegetation 
of more than half of the entire land area can still be assigned to broadleaved forest. 

In today’s landscapes the proportion of area currently occupied by deciduous forests is often only 
a small percentage. In the landscapes of Europe that have been long since settled and intensively 
managed, these forest sites were converted to agriculture a long time ago, reducing the original 
deciduous forests to small relictual stands. The most important and widely distributed succes-
sional replacement communities are fields (Stellarietea mediae Tx. et al. ex von Rochow 1951, 
amongst others) as well as mesic to moderately dry meadows and long-term pastures (Molinio-
Arrhenatheretea Tx. 1937). Forested areas that have been preserved, for their part, have experi-
enced considerable change in the course of the centuries of continuous anthropogenic use, in that 
sites that have been managed for forestry have been stocked with non-site-specific native conifer 
species or even with introduced species. Despite this there are stands with natural character scat-
tered over the entire range; these offer a fairly exact picture of the potential natural broadleaved 
forest vegetation of Europe in the breadth of its natural and site variation. The successional rela-
tionships of the natural forest communities to their replacement communities and to their sites 
have been clarified both by modern phytosociological and silvicultural research and by large- to 
medium-scale vegetation mapping carried out in most countries.  

 

Classification in typological subunits 

Because of the vast area and the broad range of sites occupied by deciduous broadleaved and 
mixed broadleaved/coniferous forests it is not surprising that the formation is highly subdivided, 
A total of 172 mapping units are distinguished, which are in turn classified into 7 subformations. 
These groups are defined predominantly on phytosociological aspects owing to their natural com-
bination of dominant tree species and further on partly ecological, partly phytogeographical 
grounds. They are: 

F.1 The species-poor acidophilous and oligo- to mesotraphent oak and mixed oak forests, 
dominated by oak forests, with a distributional emphasis in the Atlantic-sub-Atlantic realm, 
but with extensions into eastern and south-eastern Europe (26 units). 

F.2 The eu-Atlantic, meso- to eutraphent, species-rich mixed oak-ash forests of western Europe 
(7 units). 

F.3 The meso- to eutraphent, mostly species-rich mixed oak-hornbeam forests with their pri-
mary zonal distribution in eastern Central Europe and subcontinental distributional tenden-
cies (36 units). 

F.4 The meso- to eutraphent, species-rich lime-common oak forests of moderately continental 
eastern Europe (5 units). 
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F.5 The beech and mixed beech forests of the oceanically influenced western and central parts 
of Europe and in the montane zone of the western, Central and southern European mountain 
ranges (86 units). 

F.6 The species-rich montane oriental beech forests and hornbeam-oriental beech forests of the 
Euxinian-Caucasian region (6 units). 

F.7 The species-rich sub-montane to montane mixed hornbeam-oak forests of the Caucasian 
region (6 units). 

Red beech forests constitute half of all recognised mapping units, and as a consequence this map-
ping unit is particularly finely subdivided. This is in part due to the fact that beech forests have 
long been preferred objects of phytosociological research, resulting in the fact that their geo-
graphical and site variability is better known than for the rest of the deciduous forest types. How-
ever, it is in part also due to the enormous ecological amplitude of beech forests with respect to 
trophic levels (oligotrophic to eutrophic) and climatic conditions (latitudinal, longitudinal and 
altitudinal distribution).  

The further subdivision of the subformations corresponds in almost all cases to their distribution 
in vertical belts. Lowland-colline, colline-sub-montane and in part montane (to high montane) 
expressions are differentiated. However, in the most differentiated group, the European beech 
forests, the species-poor oligo- to mesotraphent communities are first placed opposite of the spe-
cies-rich eutraphent communities as a main group, and these are then further subdivided according 
to their occurrence in altitudinal belts. 
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F.1 Species-poor oak and mixed oak forests (Quercus robur, Q. petraea, 
Q. pyrenaica, Pinus sylvestris, Betula pendula, B. pubescens, B. pubescens 
subsp. celtiberica, Castanea sativa) 

John R. Cross & Jens Pallas, with contributions by Udo Bohn 

Characterisation and typological delimitation; geographical distribution (J. Cross, J. Pallas) 

Acidophilous oak and mixed oak forests are characterised by the dominance of oaks, usually 
Quercus robur and Q. petraea, in the tree layer and of acidophytes of a Middle European1 or tem-
perate Eurasian distribution in the lower layers. The shrub and herb layers are usually well devel-
oped, but are relatively species-poor compared to deciduous forests on more base-rich sites or in 
climatically more favourable areas. 

These oak forests extend within the temperate zone of Europe from the Atlantic coast to western 
Russia (Map 12). The southern boundary locally borders on to montane regions of the submerid-
ional zone. The entire distribution area resembles a fragmented, narrow-angled triangle whose 
base extends from northern Portugal (approximately 41˚ N) along the Atlantic coast via Ireland to 
Scotland (approximately 58˚ N). The tip of the triangle lies north-east of Kiev (approximately 
53˚ N, 34˚ E), with isolated outposts as far east as the Volga at Kasan. The northern boundary 
runs through Scotland, southern Scandinavia, Lithuania and Belarus, and the southern boundary 
through northern Portugal, northern Spain, the south of France, northern Italy, Croatia, Bosnia-
Herzegovina, Romania, Ukraine and southern Russia. Southern outliers of these forests extend 
into the submeridional zone. 

The soils are characteristically permeable or intermittently moist, oligotrophic, acidic, often sandy 
and sometimes shallow or rocky. 

As a result of competition from beech, acidophilous oak forests within the natural distribution 
area of beech, particularly in the sub-Atlantic and Central European floristic provinces, are re-
stricted to intermittently moist soils or very shallow soils on slopes that are too dry for the sur-
vival of beech seedlings. The naturalness of acidophilous oak forests is partly a matter of specula-
tion, since in many places coppicing and coppice with standards have favoured oak in the past. 
The majority of near-natural stands are scattered and relatively small. Extensive areas occur prin-
cipally outside the range of beech, i.e. in western Cantabria and Galicia, south-west France, Ire-
land and Great Britain, Poland, Belarus and northern Ukraine. 

The range of the acidophilous mixed oak forests is not as extensive as that of the summer-green broadleaved forests in gen-
eral, because there are additional factors restricting its distribution: 

– In the montane belt of Central Europe and the submeridional zone, beech forests dominate  

– In the north and north-east of its range, competition from coniferous forests (Formation D) is the limiting factor. On 
acidic oligotrophic sites in the east, the deciduous forest formation is less well developed than coniferous stands in com-
parison with more base-rich sites (cf. MONK 1966, quoted from JÄGER 1969: 401). As a result, pure broadleaved forests 
are only encountered here on base-rich sites. 

                                                            
1 For a definition of Middle Europe: see chapter 2.3, section ‘Floristic regions of Europe’ and chapter 5.4.1. 
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– In the east, edaphic and climatic factors (relative lack of precipitation, warmer summers, more nutrient-rich soils) prevent 
further development on acidic soils. For this reason the eastern border of the acidophilous deciduous forests runs further 
to the west than the limit of the broadleaved forest formation in general. 

– In the temperate zone, acidophilous mixed oak forests favour the lowland to colline altitudinal belts. In the submeridional 
zone on the other hand, at the southern limit of their range, they are usually associated with the submontane-montane alti-
tudinal belt. Their characteristic species combination gradually changes towards the south and thermophilous sub-
Mediterranean oak forests eventually become dominant (Formation G). 

 
Stand structure and physiognomy (J. Cross) 

The natural structure of these forests is often unclear as the activities of man and his grazing ani-
mals over many centuries still have an influence today. Near-natural stands consist of five to six 
layers, i.e. a first and second tree layer, a shrub layer, a dwarf shrub layer, a herb layer and a moss 
layer. In some stands, however, only three layers may be present. 

The tree layer typically has a 60-90 % canopy cover and reaches a height of 15-25 (35) m. On 
very shallow, dry soils or in very exposed locations the stand height may be less than 5 m, while 
on deep soils it can exceed 30 m. The tree layer is dominated by acid-tolerant oaks (Quercus ro-
bur, Q. petraea). Pioneer trees such as birches (Betula pendula, B. pubescens) play an important 
role in the regeneration phase on different sites, particularly in the west, and they persist in the 
tree layer in mature stands particularly on intermittently moist sites. In the east, pine and locally 
also spruce, can occur admixed with the oak to form the tree layer. The cover and vitality of the 
shrub layer depends on the density of the tree layer as well as the nutrient balance, water supply 
and humidity of the site. Members of the Ericaceae or brooms (the latter particularly in more 
southern areas) often form a dwarf shrub layer and in the northern temperate areas of Europe the 
frequent dominance of dwarf shrubs lend the forests a boreal character. The herb layer is usually 
composed of hemicryptophytes, primarily grasses, woodrushes and sedges. Geophytes are gener-
ally rare, but ferns characteristically play an important role, particularly in the Atlantic and sub-
Atlantic regions. Pteridium aquilinum can form an additional seasonal layer in some areas, dense 
stands of this species displacing almost every other herb species. The percentage cover and num-
ber of species in the moss layer also vary considerably. In the hyperoceanic west, where epiphytic 
communities are a striking feature of the forests, cover can be particularly high. Cryptogam-rich 
communities also occur on the north-west European mainland on the edge of poor, dry forest 
stands, where the shrub and herb layer is only poorly developed because of competition from the 
tree layer. 
 
Floristic composition (J. Pallas) 

European acidophilous mixed oak forests are characterised by a tree layer dominated by oaks and 
an undergrowth in which acidophilous species prevail. Species of the temperate Middle European 
floristic region constitute the greater part of the species composition. In the north and east of the 
area, the proportion of Eurasian temperate and Eurasian boreal taxa increases. In the southern 
temperate regions of Europe, numerous sub-Mediterranean species occur in the community, while 
in the south-west of the area even some Mediterranean species are present (see Table 12). 
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Apart from the two Middle European oak species (Quercus robur and Q. petraea) widespread 
tree species include the frequently intermixed beech (Fagus sylvatica), as well as the Eurasian 
species Betula pendula and Populus tremula. Within the shrub layer the Eurasian species Sorbus 
aucuparia, Frangula alnus (almost absent within these forests in the British Isles) and Juniperus 
communis, as well as elements of the Middle European flora, such as Corylus avellana and to a 
lesser extent Crataegus monogyna, number among the most frequent species. Frequent and wide-
spread species of the herb layer (see Table 12) include the acidophytes Melampyrum pratense, 
Pteridium aquilinum, Solidago virgaurea, Agrostis capillaris, Anthoxanthum odoratum, Calluna 
vulgaris, Deschampsia flexuosa, Molinia caerulea, Holcus mollis, Veronica officinalis, Carex 
pilulifera, Viola riviniana, Potentilla erecta, Lathyrus linifolius and Danthonia decumbens. The 
mosses, which are mostly acidophytes, have a circumpolar distribution. Polytrichum formosum, 
Dicranum scoparium, Hypnum cupressiforme, Leucobryum glaucum, Pleurozium schreberi and 
Scleropodium purum are the most frequent species (gaps in the Iberian mapping units may be due 
to incomplete records of cryptogams in the vegetation surveys). 

Representatives of the submeridional zone (in Europe these are species of the sub-Mediterranean 
sub-region, and to a lesser extent also of the Pontic-south Siberian floristic region), are primarily 
to be found within southern temperate, and especially sub-Mediterranean, mapping units. Casta-
nea sativa, Sorbus torminalis, Pyrus pyraster, Hieracium sabaudum and Festuca heterophylla are 
characteristic. In the northern temperate areas of Europe, sub-Mediterranean species are almost 
completely absent from these forests in the west, while in the east they become more numerous, 
presumably due to the more marked summer warmth. 

The most striking floristic divide runs between the sub-Atlantic and the Central European prov-
ince. In the Atlantic province, A t l a n t i c  species such as Erica cinerea, Hyacinthoides non-
scripta and Ceratocapnos claviculata, as well as Atlantic-sub-Atlantic species, are well repre-
sented. In the sub-Atlantic province many A t l a n t i c - s u b - A t l a n t i c  species are still en-
countered, e.g. Teucrium scorodonia, Hypericum pulchrum, Blechnum spicant, Luzula sylvatica, 
Galium saxatile, Lonicera periclymenum and Hedera helix. Lianas seem to develop their greatest 
vitality (within the acidophilous oak forests) in the Atlantic areas (Lonicera periclymenum, 
Hedera helix). In the south Atlantic oak forests, the Mediterranean-Atlantic species Tamus com-
munis and Rubia peregrina also occur. 

The great majority of A t l a n t i c  species (DT 8.1., 8.1.S in Table 12) belong to the t h e r m a l - o c e a n i c  group of 
species from the western side of the continents in the northern hemisphere (cf. JÄGER 1968). It is therefore no surprise that the 
role of these species increases continuously within the mapping units in the direction of their climatic optimum in south-west 
Eurasia. 

Ulex europaeus, character species of distribution type 8.1. (lusit-atl), is a typical thermal-Atlantic species. It displays a ten-
dency for a southern Atlantic distribution, which also characterises other species with similar requirements. Frequently, 
species of this group are absent from the north-west European mainland. Some A t l a n t i c - s u b - A t l a n t i c  species 
within the acidophilous oak forests (DT 8.2., 8.5., 8(1).6.) appear in the northern temperate-euoceanic regions of Europe only 
in the British Isles and are absent from the European mainland. 

Some A t l a n t i c  species occur only in the southern Atlantic subprovince, sometimes with outposts in the Meridio-
Atlantic province group, e.g. Pyrus cordata, Pseudarrhenatherum longifolium, Daboecia cantabrica, Potentilla montana etc. 
These species are grouped together in the newly established Pseudarrhenatherum longifolium distribution type 8.1a. in Table 
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12 (north lusit-south atl, cf. MEUSEL et al. in 1965, map 44d). The Iberian acidophilous oak forests within the 8.1a. area dis-
play an increasing south Atlantic character, in addition to further southern Atlantic species, endemics, such as Omphalodes 
nitida, Crepis lampsanoides, Aquilegia vulgaris subsp. dichroa, occur here. These taxa are also assigned to the DT 8.1a. The 
greatest number of Atlantic species occur in the north-west Iberian unit F14. 

Another group of species also inhabits parts of the south Atlantic subprovince, but in Iberia and to the south it occurs not only 
in Atlantic areas, but also in the less oceanic continental interior, where it is characterised by a preference for the montane 
altitudinal belt. Unlike the DT 8.1a. the greater part of the range of these species is in the s u b m e r i d i o n a l  zone. Quer-
cus pyrenaica and Arenaria montana can be regarded as character-species of this distribution type (JALAS & SUOMINEN (Ed.) 
(1976, 1983) map 305 and 688). Their area corresponds to the western segment of the western sub-Mediterranean DT 5.6. 
Their distribution type is therefore newly established as the Quercus pyrenaica type 5.6a.: (west med)-west submed//mo-
(south atl). With exclusively mountain plants, 6.1a. is also possible. Again, some species, particularly Iberian endemics, only 
inhabit parts of this 5.6a.-range. 

Additional s u b - M e d i t e r r a n e a n - o c e a n i c  species such as Luzula forsteri, Euphorbia amygdaloides, E. dulcis 
and Polystichum setiferum are likewise concentrated in the southern Atlantic units, but can extend into the central (F17, F21) 
and the eastern sub-Mediterranean province groups. A frequent distribution type is 5.7. 

M e d i t e r r a n e a n  species (DTG 1.), such as Quercus suber, Pinus pinaster, Erica arborea, Arbutus unedo, Tamus 
communis, Rubia peregrina, Ruscus aculeatus, Asphodelus albus, Hypericum androsaemum and Asplenium onopteris within 
the mapping units considered here only occur in the south-west within the south Atlantic areas, in particular in the lowland-
colline units. F14 contains the greatest relative proportion of these species, followed by F7 and F15. The Mediterranean-
Atlantic distribution type 1.10. is frequent, i.e. most species are markedly thermal-oceanic.  

In contrast, in the north of the Atlantic province, there are only a few vascular plant species in the table that thrive as well, or 
even better, than they do in the south and in the Meridio-Atlantic province group, within the acidophilous oak forests. These 
include Galium saxatile, Blechnum spicant, Luzula sylvatica, Oreopteris limbosperma, Dryopteris aemula, and possibly also 
Ilex aquifolium and Erica tetralix. Many of these species are montane plants in the eastern part of the sub-Atlantic province. 

Most representatives of the Mnium hornum moss group can be considered as northern temperate-Atlantic-sub-Atlantic. On 
particularly poor sites in north-western regions, bryophytes such as Lophocolea heterophylla, Plagiothecium laetum and 
Aulacomnium androgynum, which grow on raw humus, are characteristic. 

The acidophilous oak woods of western Ireland, and to a lesser extent western Britain, are particularly noteworthy. T h e r e ,  
h y g r i c  h y p e r o c e a n i c , desiccation-sensitive species of cryptogams occur in an abundance not encountered else-
where in acidophilous oak forests. In the Blechno-Quercetum petraeae KELLY (1981), the average number of species is 57.6. 
Spermatophytes constitute about 34 % while cryptogams constitute 66 %. Unit F1 represents an extremely hygric hyperoce-
anic unit within these oak forests, and is analogous to the extremely thermal-hyperoceanic unit F14 in Iberia. Ferns, such as 
Hymenophyllum tunbrigense, H. wilsonii and Dryopteris aemula, wider distributed oceanic bryophytes such as Lepidozia 
reptans and many extremely Atlantic bryophytes such as Dicranum scottianum are characteristic, but also the liverworts 
grouped around Adelanthus decipiens. are characteristic. These species also occur in the laurel forests of the Macaronesian 
floristic sub-region (azor-canar-mad). 

All oceanic species groups characteristic of the Atlantic and sub-Atlantic units are absent from the two eastern provinces of 
the Middle European floristic region. The mapping units there are characterised more by an increase in b o r e a l  and 
E u r a s i a n  t e m p e r a t e  taxa, which begin to appear in the north-western temperate areas. Representatives of this 
species group include Pinus sylvestris, Picea abies, Vaccinium myrtillus, Luzula pilosa, Maianthemum bifolium, Vaccinium 
vitis-idaea, Trientalis europaea, Rubus saxatilis, Pyrola rotundifolia, Calamagrostis arundinacea and Orthilia secunda. 
Many of these are coniferous forest elements with c o n t i n e n t a l  distribution types (DT 10.3., 10.8., 11.3.). The east 
European character also becomes more pronounced with the appearance of a range of species of the summer-green broad-
leaved forests, which are absent from the Atlantic province. The species of the s u b c o n t i n e n t a l  Asarum type 8.11., 
with centres of distribution in the east of the Middle European region, are missing in the Ulex range 8.1.; further, species 
within the subcontinental 8.13. and 8.14. distribution types should also be grouped here (see Table 12 p. 5). These include 
Acer platanoides, Euonymus verrucosa, Campanula persicifolia, Carex montana, Peucedanum oreoselinum, Potentilla alba 
and numerous other species. These species groups play an important role also in the Illyrian F21, located in the eastern part 
of the central sub-Mediterranean province group, while the Insubrian F17, also in the central sub-Mediterranean, is character-
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ised by the coexistence of oceanic and subcontinental species. Amongst the cryptogams, the species group centred around 
Dicranum polysetum, differentiates the east European units. 

In addition to the generally distributed sub-Mediterranean species already mentioned, the Central European and Sarmatian 
mapping units, especially the southern Central European F20 and the Illyrian F21, are distinguished by the presence of char-
acteristic eastern sub-Mediterranean species with ranges extending into eastern Middle Europe, e.g. Genista tinctoria, Cytisus 
nigricans, Genista germanica and others. Nevertheless, a number of representatives of the continental DT 5.9. such as Vince-
toxicum hirundinaria or Tanacetum corymbosum can encroach far to the west, particularly into the xerothermic forms of F17 
or into the xerothermic sub-Atlantic F18. 

The special phytogeographic role of the s u b m e r i d i o n a l  zone is underlined by the distribution of oak species in the 
acidophilous oak forests. Quercus robur and Q petraea are the stand-forming species in the northern temperate areas of the 
distribution range. In the southern temperate to sub-Mediterranean areas other oak species occur, such as Q,. pyrenaica, Q. 
canariensis and Q. suber on the Iberian Peninsula or Q. dalechampii, Q. polycarpa, Q. cerris and Q. frainetto in south-east 
Europe. 

A special position is occupied by the Illyrian F21 at the south-eastern limit of the acidophilous mixed oak forests of Europe. 
It is characterised by numerous e u - s u b - M e d i t e r r a n e a n  species that inhabit climatically favourable regions espe-
cially suitable for the demanding deciduous broadleaved forests in the central and eastern sub-Mediterranean (distribution 
types 5.4. and 5.5. are frequent): these include Quercus cerris, Q. frainetto, Q. dalechampii, Q. polycarpa, Tilia tomentosa, 
Acer tataricum, Fraxinus ornus, Hieracium racemosum, Potentilla micrantha, Epimedium alpinum, Chamaecytisus hirsutus, 
Lathyrus venetus, Silene viridiflora and others. Many of these species occur only in small numbers with low constancy. 
However, F21 can be clearly differentiated from the southern temperate F20 by the coexistence of demanding nemoral-sub-
Mediterranean elements. 

Mapping units on intermittently moist sites (F3, F9, F22) are characterised by the more frequent occurrence of moisture-
tolerant species, such as Molinia caerulea, Deschampsia caespitosa, Agrostis stolonifera, Carex nigra and Lysimachia vul-
garis. For western units, Myrica gale, Erica tetralix, Narthecium ossifragum and Sphagnum species are characteristic and for 
Central European-Sarmatian units, Molinia arundinacea and Carex brizoides are typical. 

Finally, oreophytes differentiate the montane mapping units. Here, western sub-Mediterranean mountain plants play a role, 
particularly in F25, while the central sub-Mediterranean F17 is characterised by alpine elements (particularly Luzula nivea 
and Phyteuma betonicifolium). 
 
Position in the phytosociological system (syntaxa) (J. Pallas) 

Depending on point of view the order of the acidophilous oak forests, Quercetalia roboris Tüxen 
1931, is placed in the class Querco-Fagetea or, as originally, in an independent class, the 
Quercetea robori-petraeae Braun-Blanquet et Tüxen 1943. 

The reasons underlying these different views relate to the geographical origin of the authors, since, as can be seen in Table 
12, the order Quercetalia contains a higher proportion of more demanding deciduous forest species in the southern temperate 
and submeridional/montane areas of Europe than it does in the north-west European temperate lowlands. 

The Quercetalia roboris Tüxen 1931 includes phytogeographically heterogeneous associations, 
which are characterised by the dominance of both acid indicators and acid-tolerant oaks. The 
combination of both features is the actual characteristic of the order. 

Compared to the Atlantic units that contain numerous species characteristic of extremely oceanic 
regions (Ireland, north-west Iberia), the sub-Atlantic units behave as marginal syntaxa without any 
of their own character species. On the other hand the boundary between the sub-Atlantic and Cen-
tral European province is quite clear, being marked by the loss of Atlantic-sub-Atlantic species. 
Nevertheless, compared to the Sarmatian units with their prominent share of Eurasian or circum-
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boreal coniferous forest, temperate Eurasian and east European species, as well as their better 
trophic conditions, the Central European units behave only as marginal syntaxa. 

In principle, only the oak forests of the two main centres of diversity (atl + submed) are positively 
floristically characterised by the presence of acidophytes of a European distribution. From a pan-
European perspective, synsystematic problems arise as a result of the climatically-determined 
disappearance of Atlantic and Atlantic-sub-Atlantic species towards the east. The greater species 
diversity in the submeridional zone compared to the temperate zone also has to be considered (cf. 
MEUSEL & JÄGER 1989). 

In Table 12 an attempt has been made to compare as many units of the geographically widespread 
order Quercetalia roboris as possible. The following review represents a revision and extension of 
the proposals previously published by the author (PALLAS 1996, 2000). The division is now based 
exclusively on chorological criteria. Habitat differences (intermittently moist units) are classified 
into sub-units according to geographic criteria. 

The special position of the extremely oceanic oak forests should be clearly indicated by establish-
ing separate alliances. These units represent centres of diversity in their own right. The Hymeno-
phyllo-Quercion encompasses the Irish hygric hyperoceanic oak forests and the Quercion robori-
pyrenaicae constitutes the thermal hyperoceanic oak forests in north-west Iberia. The remaining 
southern temperate acidophilous oak forests of the Atlantic and sub-Atlantic province belong to 
the Quercion roboris, and the remaining northern temperate oak forests of the Atlantic and sub-
Atlantic province can be grouped in the Molinio-Quercion. In the same way the oak forests of the 
Central European and Sarmatian province can be grouped into a northern temperate alliance, the 
Vaccinio-Quercion petraeae and a southern temperate alliance, the Agrostio-Quercion. The cen-
tral and eastern sub-Mediterranean acidophilous oak forests belong to the Castaneo-Quercion. 
 
Quercetea robori-petraeae Braun-Blanquet et Tüxen 1943 
Quercetalia roboris Tüxen 1931 

1. Hymenophyllo-Quercion petraeae Pallas 2000: north-west European-temperate, middle At-
lantic, hygric hyper-oceanic 
F1  Quercetum petraeae Moss 1911 = Blechno spicant-Quercetum petraeae Br.-Bl. et Tx. 1952. 

2. Quercion robori-pyrenaicae (Braun-Blanquet et al. in P. Silva et al. 1950 corr. Br.-Bl. et al. 
1956) Rivas-Martínez 1975: (submeridional-)southern temperate, southern Atlantic, northern 
lusit-galic-cant, thermal hyperoceanic (contains Iberian endemic taxa with the distribution types 
8.1a. and 5.6a., see Table 12) 
Original form of the name: Quercion roboris broteroanae Braun-Blanquet, Pinto da Silva, Rozeira & Fontes in Pinto da 
Silva, Rozeira & Fontes 1950, Agronomia Lusitana 12(3): 435. Quercion occidentale Br.-Bl. et al. 1956 = Quercion roboris 
broteroanae (Braun-Blanquet et al. 1956, Agronomia Lusitana 18(3): 173). 
F14  Rusco aculeati-Quercetum roboris Braun-Blanquet, P. Silva et Rozeira 1956; Blechno spicant-Quercetum roboris 

Tüxen et Oberdorfer 1958.  
F23  Myrtillo-Quercetum roboris Braun-Blanquet, P. Silva, Rozeira et Fontes in P. Silva, Rozeira et Fontes 1950 (holo-

type!). 
F24  Melampyro pratensis-Quercetum pyrenaicae Rivas-Martínez in Rivas-Martínez, T. E. Díaz, F. Prieto, Loidi et Penas 

1984 (euscaldian); Linario triornithophorae-Quercetum pyrenaicae Rivas-Martínez, T. E. Díaz, F. Prieto, Loidi et 
Penas 1984 (orocantabrian). 
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F25  Linario triornithophorae-Quercetum petraeae (Rivas-Martínez, Izco et Costa ex F. Navarro 1974) F. Prieto et Váz-
quez 1987; Luzulo henriquesii-Quercetum pyrenaicae (F. Prieto et Vázquez 1987) F. Prieto et Vázquez 1994. 

The alliance Quercion pyrenaicae Rivas Goday ex Rivas-Martínez 1964 [1963] comprises the Quercus pyrenaica woodlands 
on acid soils, with their main area in the northern Iberian province. The formation subgroup G.4.1., with the units G64 to 
G70, belongs to this alliance. The Quercus canariensis woodlands of the formation subgroup G.4.4. on silicate rock are also 
close to this unit. As a submeridional unit, this alliance can be compared with the Castaneo-Quercion Soó 1964 (see below).  
We have decided to raise the former suballiances to the rank of alliances. The different linkages to the vegetation zones and 
the oceanity of both alliances should be pointed out: on the one hand temperate southern Atlantic woodlands, mostly domi-
nated by Q. robur; on the other hand submeridional northern Iberian woodlands, mostly dominated by Q.pyrenaica (see 
map). In this way the situation is avoided whereby one alliance covers two vegetation zones. Further clarification is still 
required as to whether the western sub-Mediterranean Quercion pyrenaicae and the central to eastern sub-Mediterranean 
Castaneo-Quercion might be united within an order of sub-Mediterranean acidophilous oakwoods.  

3. Molinio caeruleae-Quercion roboris Scamoni et Passarge 1959: northern temperate, middle 
Atlantic and northern sub-Atlantic subprovinces 
F2  W11 Quercus petraea-Betula pubescens-Oxalis acetosella woodland and W17 Quercus petraea-Betula pubescens-

Dicranum majus woodland (excl. subcomm. a) in Rodwell 1991; Galio saxatilis-Quercetum Birse et Robertson 1976. 
F3  W4 Betula pubescens-Molinia caerulea woodland, W16 Quercus-Betula-Deschampsia woodland, forms on moist 

soils, W17 Quercus petraea-Betula pubescens-Dicranum majus woodland, forms on moist soils (all in accordance 
with Rodwell 1991).  

F9  Molinio caeruleae-Quercetum roboris (Tüxen 1937) Scamoni et Passarge 1959 (lectotype!). 
F8  Ilici-Quercetum roboris Tüxen 1930, Betulo-Quercetum roboris Tüxen 1930, Populo-Quercetum petraeae Tüxen 

1951, Deschampsio flexuosae-Quercetum roboris Passarge 1966. 
F10  Melico-Quercetum Björnstad 1971. 

4. Quercion roboris Malcuit 1929: southern temperate, southern Atlantic and southern sub-
Atlantic subprovinces 
F26  Lathyro montani-Quercetum petraeae (Lapraz 1966) Rivas-Martínez 1983; Prunello hastifoliae-Quercetum petraeae 

Vigo ex Rivas-Martínez et Costa 1998. 
F15  Hyperico pulchri-Quercetum roboris Rivas-Martínez, Báscones, Díaz, Fernández González et Loidi 1991. 
F7  Arbuto unedonis-Quercetum petraeae Lapraz 1963b; Lonicero periclymeni-Quercetum roboris Lapraz 1963b. 
F5  Solidagini-Quercetum (Gaume 1924) Doing 1962 = Quercetum sessiliflorae Gaume 1924 nom. illegit. (Art. 31) 

(holotype!), syntax. synon. Peucedano-Quercetum roboris Braun-Blanqet 1967.  
  The author withdraws here his former equating (PALLAS 1996: 21) of the Teucrio scorodoniae-Quercetum petraeae 

Chouard 1925 with the Quercetum sessiliflorae Gaume 1924. The neotype (rel. 19, table 2, ‘Peucedano-Quercetum’, 
Rameau & Royer 1975, see PALLAS l. c.) is maintained for the Quercetum sessiliflorae Gaume 1924, but rejected for 
the Teucrio-Quercetum Chouard 1925.  

F4  ‘Rusco-Quercetum’ Noirfalise ass. nov. prov. (nom. inval., Art. 3b). 
F6  Mespilo-Quercetum Frileux 1975. 
F16  Teucrio scorodoniae-Quercetum petraeae Chouard 1925. 
F18  Hieracio glaucini-Quercetum petraeae Lohmeyer 1978 corr. Denz 1994; Cladonio portentosae-Quercetum petraeae 

Pallas 1996.  
F8  Agrostio capillaris-Quercetum roboris Passarge 1968; Violo rivinianae-Quercetum roboris Oberdorfer 1957. 

5. Vaccinio myrtilli-Quercion petraeae Pallas 1996: (northern) temperate (Central European, 
Sarmatian) 
F19, Calamagrostio-Quercetum (Hartmann 1934) Scamoni et Passarge 1959 (holotype!), Vaccinio vitis idaeae-Quercetum  
F11  Oberdorfer 1957 p.p., typo excluso, Central European forms, ‘Pino-Quercetum’ sensu auct. german. non Reinhold 

1944, non auct. polon. 
F12  Calamagrostio arundinaceae-Quercetum petraeae (Hartmann 1934) Scamoni et Passarge 1959, eastern Central 

European forms.  
  Assigning the eastern European syntaxa is not easy, due to the large-scale intermixing of coniferous and deciduous 

woodlands. The natural transitions are additionally complicated by forestry activities. The Querco-Pinetum J. M. 
Matuszkiewicz 1988 nom. inval. (Art. 5) et illegit. (Art. 31) was previously regarded as Unit F12. However, the ma-
jority of the relevés are dominated by conifers and therefore this association was put into the Dicrano-Pinion by the 
author. For the establishment of the correct syntaxa and the choice of nomenclatural types the dominance of broad-
leaved deciduous trees is crucial, otherwise F12 cannot remain in the Formation F. The Calamagrostio-Quercetum 
should be regarded as the leading plant community of the Central European province. 

  The distribution area of Unit F12 ends, in principle, in the Central European province, but contrary to this, it extends 
further east in the map. The Sarmatian unit is F13. 
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F13  Serratulo tinctoriae-Quercetum roboris J.M. Matuszkiewicz ex Pallas 2003 ass nov. hoc loco. Sarmatian acidophytic 
woods of Pedunculate Oak containing conifers. Holotype, J. Pallas hoc loco: J. M. Matuszkiewicz 1988, table 6, rel. 
10 by T. Traczyk, sub ‘Serratulo-Pinetum’ nom. superfl. (Art. 29c). 

  Unit F13 can also only remain in the formation of broadleaved deciduous woodlands F1 if the stands of trees are 
dominated by broadleaved tree species. The new association described here represents the oak dominated part of the 
‘Serratulo-Pinetum’ in its ‘subboreal’ race containing spruce.  

6. Agrostio capillaris-Quercion petraeae Scamoni et Passarge 1959: southern temperate (south-
ern Central European, southern Sarmatian) 
F11  Pyrolo-Quercetum petraeae Passarge 1957 (lectotype!). 
F12  Pyrolo-Quercetum petraeae Passarge 1957, eastern Central European forms . 
F13  Sarmatian race of the Serratulo-Pinetum (W. Matuszkiewicz et Polakowska 1955) J.M. Matuszkiewicz 1988 nom. 

superfl. (Art. 29c), remains to be described and denominated as a syntaxon dominated by oak. 
F22  Molinio arundinaceae-Quercetum Samek 1962, Molinio arundinaceae-Quercetum roboris R. & Z. Neuhäusl 1967. 
F20  Luzulo luzuloidis-Quercetum petraeae Hilitzer 1932. 

7. Castaneo-Quercion Soó 1964: submeridional (esp. central sub-Mediterranean group of prov-
inces) 
F17  Hieracio tenuiflori-Quercetum roboris Oberdorfer 1964. 
F21  Castaneo-Quercetum (croaticum) Horvat 1938 (lectotype!), Erico-Quercetum petraeae Horvat 1959, Melampyro 

vulgati-Quercetum petraeae Puncer et Zupancic 1979 nom. illeg. [Art. 31], Luzulo forsteri-Quercetum petraeae 
Borhidi et Kevey 1996. Cytiso hirsuti-Quercetum petraeae (Stefanovic 1964) Pallas 2003 nom. nov. hoc loco pro 
nom. illegit. (Art. 34) Quercetum montanum illyricum Stefanovic 1964, Rad. Sumarsk. Fak. Sumarstvo Sarajevu 9(3), 
p. 22. Nomenclatural type (lectotype), J. Pallas hoc loco: op. cit., table II, p. 26-29, rel. 8. 

  The xerophytic Quercus woods on rocks desribed as Genisto pilosae-Quercetum by different authors are not treated 
here separately. They occur in the area of F20, F21, and also F17 and represent transitions to Formation G on rocky, 
more base-rich soils. Unit F18 in the sub-Atlantic province is very similar. 

  
 
Macroclimatic factors (J. Cross) 

The distribution of this formation corresponds with climate type VI and the more oceanic variant 
with type V-VI, as well as type V, based on WALTER et al. 1975 (see Map 2). The large longitudi-
nal and latitudinal range of this formation indicates that it can tolerate remarkable variations of 
climate. In the west, winters are mild with only a few frost days (average of the coldest month in 
Great Britain and Ireland is approximately 3-5 °C), summers are cool (average of the warmest 
month approximately 16 °C or less) and the mean annual temperature lies at approximately 10 °C. 
Cloud cover and relative humidity are high. This pattern also applies in the north-west, oceanic 
areas of mainland Europe. To the east the climate becomes increasingly more continental: the 
precipitation decreases from more than 2000 mm on the west coasts of Ireland and Britain, to 
500-600 mm in eastern Poland and Ukraine and there is a shift to a summer maximum. The winter 
temperatures decrease, with averages of the coldest months ranging from 0 to -2 °C in north Ger-
many to -12 °C in Russia. In eastern areas continuous frosts and snow cover can persist for a 
month or longer. The summers are warmer though in the east with the averages of the warmest 
month lying between 16-20 °C and up to 23 °C in Russia. The annual mean temperature, however, 
is lower than in the west, mean values being between 6.5 and 9 °C (and 5 °C in the coldest region 
in north-east Poland). Southern Sweden has a somewhat more continental climate than neighbour-
ing areas in northern Germany. 



Map of the Natural Vegetation of Europe Formation F.1 
 

 

 237 
 

 

Temperatures increase towards the south in the oceanic areas of the formation. The highest values 
occur in south-western France (average of the warmest month 20-22 °C, and the coldest month 4-
6 °C); on the Iberian Peninsula the summer temperatures are somewhat lower (approximately 
20 °C), but the winter temperatures are higher (6-10 °C). The precipitation in south-west France 
shows a pronounced summer minimum (lowest values around 500 mm). Precipitation increases 
again to the west and exceeds 2000 mm locally in the mountains of north-west Spain. The In-
subrian distribution area shows similarities with the north-west of the Iberian Peninsula with high 
annual precipitation (1350-2000 mm), but the temperature of the warmest month, with 25 °C, is 
much higher. 
 
Site conditions (J. Cross) 

Acidophilous oak forests occur mainly on acidic, base-deficient soils (podzols, gley-podzols, 
base-poor brown earths and ranker). The soils themselves have developed as a rule from Palaeo-
zoic and Mesozoic siliceous rocks (sandstone, greywacke, slate, gneiss, other acid metamorphic 
rocks and granite) or – in the Central and eastern European lowlands – from Tertiary and Pleisto-
cene unconsolidated material (moraines, outwash plains), river sediments or – very locally – 
drained mires. The soils are acidic to strongly acidic with a pH of < 4.5 to 5.5, oligotrophic to 
oligo-mesotrophic, locally mesotrophic, very permeable, fresh to dry, locally water-logged. In the 
uplands the soils can range from shallow to rocky. In Central and southern Europe, thermophilous 
forms occur on warm, sunny, south-facing slopes. 
 
Role in structuring the landscape (J. Cross and U. Bohn) 

On the margins of, and outsidethe natural range of beech forests, as in the north-west of the Ibe-
rian Peninsula, south-west France, Ireland and Great Britain, acidophilous oak forests are promi-
nent and characteristic components of the siliceous uplands, as well as of the nutrient-poor sandy 
lowlands (for example the ‘Landes’). In contrast, in western and Central Europe, i.e. the domain 
of beech forests, they occur only on sites inimical to the development of beech. These include 
highly oligotrophic and dry sandy soils, water-logged sandy and silt soils of the lowlands and 
hills, as well as shallow to rocky, summer-dry to xerothermic sites within the siliceous uplands. In 
areas with extensive stands, such as the Carpathian foothills in Romania, Bohemia, Piedmont-
Insubria and Croatia, they are restricted to the colline-submontane altitudinal belts below the aci-
dophilous beech forests. At the margins of, and beyond the range of beech forests in the central 
east European lowlands, the acidophilous oak forests occupy oligotrophic dry to water-logged 
sandy locations. Here, the tree layer regularly contains Scots pine and often also spruce. The natu-
ral vegetation complexes include pine forests (on extremely sandy soils, such as inland dunes), 
pine-bog forests, wooded raised bogs, birch and alder carrs (on very wet, peaty sites) as well as 
oak-hornbeam and small-leaved lime-pedunculate oak forests on more nutrient-rich sites. 

In addition to the above mentioned azonal forests, the following vegetation types are also encoun-
tered within the formation: mixed oak-ash forest on base-rich soils (e.g. F19), oak-alder-ash in 
river flood plains, oligotrophic mires, raised bogs and (in the euatlantic area) blanket bogs on sites 
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with poorly drained peats. On naturally rocky and dry sites, rock heaths, rock scrub and siliceous 
dry grasslands occur as adjacent communities. 
 
State of preservation, land use, substitute communities (J. Cross and U. Bohn) 

Traditionally, acidophilous oak forests have been used for coppice, but small, near-natural stands 
have persisted in many regions, in Central Europe primarily on extreme sites. Many of the semi-
natural coppice stands have been allowed to develop into high forest, or they have been replaced 
by plantations of Scots pine (Pinus sylvestris) or more rapidly growing, exotic conifers, such as 
Douglas fir (Pseudotsuga menziesii). Extensive areas of the oligotrophic and poorly productive 
soils are unsuitable for agriculture without the regular addition of organic or mineral fertilisers. 

In the past, after thinning and forest clearance, the areas were typically grazed, usually by pigs 
and sheep. As a consequence large areas of these forests have been converted to dwarf- shrub 
heaths, acidic grasslands, open siliceous grasslands, or – depending on human activities – to dense 
stands of bracken. Recently, many of these heaths have been afforested with conifers, although 
grazing still plays an important role in certain areas. Nowadays, in some areas former grazing 
practices are being reintroduced for nature conservation purposes in nature reserves dedicated to 
preserving the traditional, cultivated landscapes and their vegetation, often using old breeds of 
domesticated animals Arable land is concentrated on dry areas of the lowland units, where arable 
crops such as barley, oats, rye, potatoes and sometimes corn are cultivated. 
 
Nature conservation (J. Cross) 

Acidophilous oak forests remain mostly as small, often derilict stands of old coppice or high for-
est and are currently highly endangered in many areas. The principal threats are from, grazing, 
clear-felling, afforestation with conifers and conversion into arable land. Air pollution and eutro-
phication from fertiliser drift, especially nitrogen, represent major problems, particularly in Cen-
tral and northern Europe, as they lead to the proliferation of nitrophilous species and brambles. 
Overpopulation by game species and (particularly in Great Britain and Ireland) overgrazing by 
sheep prevent the regeneration of these forests. As a consequence, many stands lack a dwarf shrub 
layer and only possess a severely degraded herb layer, while the tree layer is often even-aged. In 
certain areas, fire also presents a risk, while recreational use can also present a problem locally. 

In the wetter parts of Great Britain and Ireland, the invasion of Rhododendron ponticum, and lo-
cally also beech, pose a serious threat to these forests. Many countries have established nature 
reserves, national parks or nature parks for protecting valuable, semi-natural forest stands and 
substitute communities worthy of protection (particularly dwarf shrub heaths, mat-grass commu-
nities, fields of Corynephorus). However, these fall far short of preserving and restoring suffi-
ciently large and representative stands of all forest types. 
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Classification into subunits (J. Pallas) 

In the overall legend the acidophilous oak forests are subclassified mainly according to the altitud-
inal belts they occupy, which are arranged basically from north to south: 

– lowland-colline types (F1-F13) 
– colline-submontane types (F14-F22) 
– montane-altimontane types (F23-F26). 

Within these belts, the mapping units are, as a rule, arranged from west to east, from markedly 
oceanic to subcontinental climates. This is manifest in the corresponding floristic changes. In ad-
dition, ecological variants are also identified, i.e. hygrophilous (F3, F9, F22), xerothermic (F17 
p.p., F18, F20 p.p.) and thermophilous types (F21). 

However, in Table 12 and the following text, the classification is based on on synchorological 
criteria, whereby the altitudinal belts are arranged on a regional basis. The sequence begins with 
the southern Atlantic units of northern Iberia (F14, F15, F23-F26), which most clearly demon-
strate the thermal-oceanic character of this area. This is followed by the southern Atlantic map-
ping units of France (F4-F7), followed by the sub-Atlantic Burgundian unit F16 and the sub-
Atlantic Rhenanian unit F18, with the submeridional Piedmontese-Insubrian unit F17 being 
placed alongside. The primarily northern temperate units are arranged from west to east, from the 
extremely hygric oceanic unit of Ireland (F1) to the Central European and Sarmatian units (F12, 
F13) that already show subcontinental traits. The last section of the table is formed by southern 
temperate Central European and pre-Carpathian (F20, F22), as well as the submeridional Illyrian 
(F21), units. 

Table 12 is organised according to the vertical struture (tree, shrub, liane, herb and moss layers). 
Within the layers the general character species are listed first. These are followed by the species 
characteristic for the Atlantic and sub-Atlantic units as well as those characteristic for the Central 
European/Sarmatian units, consistent with the main dividing line between the oceanic and subcon-
tinental units. Within each of these groupings the species are arranged according to their zonal 
chorological linkages, i.e. according to their affiliation to the major distribution type groups. Dif-
ferential species based on habitat and altitude are grouped together into their own groups. The 
literature regarding the individual mapping units that was studied for compiling Table 12 is cited 
in the data sheets. 
 
South-west European southern temperate acidophilous mixed oak forests (F4-F7, F14-F18, 
F23-F26) 

The t e m p e r a t e - s o u t h  A t l a n t i c  oak forests of the Iberian Peninsula (F14, F23, F24, 
F25, F15, not F26) are the oak forests with the richest assemblage of southern Atlantic species 
(8.1a.) amongst the mapping units considered here. In addition to the basic southern Atlantic as-
semblage, which also occurs in south-west France, they harbour Iberian southern Atlantic, i.e. 
Galician and Cantabrian, endemics. Western sub-Mediterranean species of distribution type 5.6a. 
are important diagnostic species, which also occur in the sub-Mediterranean, northern Iberian 
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Quercus pyrenaica forests bordering to the south. Additional Iberian sub-Mediterranean endemics 
also occur (5.6a.S). Frequent species include Quercus pyrenaica, Betula pubescens subsp. celti-
berica and Erica arborea, while Convallaria majalis and Polygonatum multiflorum are both rare. 

Unit F14 encompasses south Atlantic, hyperoceanic Galician-northern Lusitanian pedunculate oak forests (Quercus robur, 
and partially Q. pyrenaica and Q. suber), frequently accompanied by Mediterranean woody plants. F14 is the most thermal 
oceanic unit of the Table with more than 50 % of the species being Atlantic, Atlantic-sub-Atlantic, west Mediterranean and 
Mediterranean-oceanic species. 

Unit F23 represents south Atlantic/montane, northern Lusitanian-Galician oak forests (Quercus robur, Q. pyrenaica) with 
Betula pubescens subsp. celtiberica and arboreal Ilex aquifolium, as well as Erica arborea, with only a few species of the 
Mediterranean-Atlantic DT 1.10., but with Vaccinium myrtillus and the northern Lusitanian species Eryngium duriaei and 
Ajuga occidentalis. 

Unit F24 characterises south Atlantic/montane, Orocantabrian-Euscaldian oak forests (Quercus pyrenaica, partially Q. robur) 
with Pyrus cordata and Erica arborea amongst other species. Mediterranean species are not as common as they are in F14 
due to the altitude. However, montane plants occur a little more frequently, some of them with a characteristic western sub-
Mediterranean range (Luzula lactea DT 6.1a.). 

Unit F25 consists of south Atlantic/altimontane, Orocantabrian (north-west Iberian) birch-sessile oak forests (Betula pubes-
cens subsp. celtiberica, Quercus petraea) and birch forests (Betula pubescens subsp. celtiberica) with Erica arborea, Saxi-
fraga spathularis, Luzula sylvatica subsp. henriquesii, Crepis lampsanoides, Doronicum carpetanum, Genista florida and 
Poa chaixii. Of the Iberian units this is the most poorly furnished with Mediterranean species, but carries the most sub-
Mediterranean oreophytes (DT 6.1., 6.2.), which is a reflection of its altitude. 

Unit F26 represents the east Pyrenean sessile oak forests (Quercus petraea) with Erica arborea, Ruscus aculeatus, Rubus 
ulmifolius, Luzula forsteri, Hypericum androsaemum, Luzula sylvatica and Galium rotundifolium. Being outside the Atlantic 
area, this unit contains hardly any Atlantic species (DT 8.1. and 8.1a.), and western sub-Mediterranean species (DT 5.6a.) are 
also rare. 

Unit F15 consists of south Atlantic, Euscaldian and south Aquitanian mixed oak forests (Quercus petraea, Q. robur) with 
Castanea sativa, Sorbus torminalis, Ruscus aculeatus, Blechnum spicant, Ilex aquifolium, Pyrus cordata, Pulmonaria longi-
folia (hybrid) and Hypericum androsaemum. This unit, which contains many widely distributed south Atlantic species (DT 
8.1a.), lacks south Atlantic Iberian endemics as well as the 5.6a. species. 

The s o u t h  A t l a n t i c  oak forests in France (F7, F5, F4, F6 and the sub-Atlantic F16) are gen-
erally characterised by admixtures of Castanea sativa, Mespilus germanica, Sorbus torminalis 
and Carpinus betulus, i.e. by submeridional species, of which at least Castanea and Mespilus have 
been subjected to an artificial extension of their range into the southern temperate Aquitanian and 
Armorican areas. South Atlantic species decrease towards the north. 

Unit F7 encompasses Aquitanian pedunculate oak forests (Quercus robur, partly with Quercus pyrenaica, Q. suber, Pinus 
pinaster) with Castanea sativa, Sorbus torminalis, Ruscus aculeatus, Rubia peregrina, Rubus ulmifolius, Tamus communis, 
Arenaria montana, Asphodelus albus, Pseudarrhenatherum longifolium, Pulmonaria longifolia, Luzula forsteri and Erica 
scoparia. This species-rich, summer-warm lowland unit is very similar to the Galician F14 in various respects. Apart from 
F14, it is the only unit with the Mediterranean tree species Quercus suber and Pinus pinaster. It contains many sub-
Mediterranean and Mediterranean shrubs and, compared to other units in France, many southern Atlantic (8.1a.), some west 
Mediterranean (5.6a.) and Mediterranean-Atlantic species (1.10.). Like Unit F5, however, it lacks some hygric oceanic spe-
cies such as Blechnum spicant, Luzula sylvatica and Galium saxatile. 

Unit F5 describes the east Armorican oak forests (Quercus petraea, Q. robur, locally Q. pyrenaica) with Peucedanum galli-
cum, Pulmonaria longifolia, Tamus communis, Festuca heterophylla, Luzula forsteri, Asphodelus albus and Erica scoparia. 
The south Atlantic character is already weaker and Peucedanum gallicum has its centre of distribution here. Sub-
Mediterranean, western sub-Mediterranean and Mediterranean species such as Tamus communis, Pulmonaria longifolia, 
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Simethis planifolia, Asphodelus albus, Erica scoparia, Euphorbia amygdaloides and Melittis melissophyllum are still well 
represented, but are absent to the north in the mapping units of the Atlantic province. 

Unit F4 characterises the west Armorican oak forests (Quercus petraea and Q. robur) with Castanea sativa, Sorbus tormi-
nalis, Ilex aquifolium, Pyrus cordata, Mespilus germanica and Ruscus aculeatus. The south Atlantic character is much 
weaker here, since the unit contains hardly any south Atlantic (Pyrus cordata) and Mediterranean species (Ruscus aculeatus). 

Unit F6 encompasses the north-east Armorican oak forests (Quercus petraea and Q. robur) with Castanea sativa, Sorbus 
torminalis, Ilex aquifolium, Mespilus germanica and Festuca heterophylla. They represent marginal units on the northern 
border of the south Atlantic acidophilous oak forests. 

The southern sub-Atlantic colline-submontane oak forests (F16, F18) lack Atlantic species (8.1.). Unit F16 is mainly nega-
tively characterised, since it also lacks Mediterranean and many sub-Mediterranean species due to its altitude. Like F18 and 
F17 it can be positively differentiated from the other units in France by the sub-Mediterranean Sorbus aria (oreophytes-DTG 
6.). 

Unit F18 represents Rhenanian xerophytic sessile oak forests (Quercus petraea) with Sorbus aria, Amelanchier ovalis, Coto-
neaster integerrimus, Luzula luzuloides, Hieracium glaucinum, H. umbellatum, H. lachenalii, H. laevigatum, Cytisus sco-
parius, Teucrium scorodonia, Genista pilosa, sometimes in thermophilous formations with Anthericum liliago, Campanula 
persicifolia, Silene viscaria, S. nutans, Polygonatum odoratum, Festuca heteropachys and F. pallens. 

In the subatlantic climate, natural oak forests only achieve dominance on particularly dry and shallow atypical sites. Apart 
from xerophytic oak forests this unit also contains natural scrub and grassland on rock outcrops, chasmophytic ferns, as well 
as thermophilous oak-hornbeam forests (thermophilous oak forests with Acer monspessulanum) on silicate rocks. Of the 
Atlantic-sub-Atlantic species, only Cytisus scoparius and Teucrium scorodonia are frequent. Representatives of temperate 
and submeridional-continental distribution types (DTG 8., 5., more seldom 4.) on the other hand are relatively numerous. 
Species of the DT 5.9., such as Tanacetum corymbosum or Vincetoxicum hirundinaria extend here far to the west. Vegetation 
complexes, classified with unit F18, also occur within the central sub-Mediterranean and southern Central European units 
F17, F20 and F21, mostly under the name ‘Genisto pilosae-Quercetum’. They are not treated separately there, however. 

Unit F17 describes the southern Alpine Piedmontese-Insubrian mixed sweet chestnut-oak forests (Quercus petraea, Q. robur, 
Castanea sativa) with Sorbus aria, Luzula pedemontana, L. nivea, Hieracium tenuiflorum, Molinia arundinacea, Phyteuma 
betonicifolium and Saponaria ocymoides. These chestnut-oak forests display a considerable ecological amplitude including 
xerophytic oak forests on rocky sites. The strong representation of often non-indigenous, synanthropic, laurophyllous species 
in the very humid environs of the large lakes (GIANONI et al. 1988) is especially noteworthy. Amongst the oceanic species the 
Ilex aquifolium distribution type 8.5. is quite frequent. This covers large parts of the Mediterranean and sub-Mediterranean 
areas. Considered as a whole, however, oceanic and continental distribution types are about equally represented. This unit is 
distinguished from all the other acidophilous oak forests considered here by the presence of Alpine oreophytes (DTG 6. 
and 9.). 

 
(North) temperate acidophilous (mixed) oak forests (F1-F3, F8-F13) 

Compared to the species diversity of the southern temperate and sub-Mediterranean/montane 
units, the number of vascular plant species in the mainly n o r t h e r n  t e m p e r a t e  units (F1 to 
F13) is far smaller. The presence of conifers such as Pinus sylvestris and Picea abies as well as of 
boreal and subboreal species (e.g. Vaccinium myrtillus), frequently these are species with a conti-
nental distribution type (10.3. and 11.3.), is characteristic. These species are not, however, distrib-
uted uniformly in the northern temperate oak forests of Europe, rather their numbers increase no-
ticeably towards the Sarmatian province in the east. Even in the north-western units, however, 
they can be dominant and determine the aspect of the herb layer. In this way they can be distin-
guished clearly from south Atlantic species. 



Formation F.1 Map of the Natural Vegetation of Europe 

242 
 

 

The following species are more frequent or luxuriant in the northern temperate areas: woody 
plants with a wide latitudinal distribution extending into the boreal zone, such as Betula pendula, 
B. pubescens, Sorbus aucuparia, Populus tremula; species of the Calluna distribution type 8.3.; 
ferns, such as Dryopteris dilatata, D. carthusiana, Athyrium filix-femina, and species of fresh sites 
such as Oxalis acetosella, Milium effusum or mosses such as Hylocomium splendens. 

The northern temperate Atlantic and sub-Atlantic oak forests (F2, F3, F9, F8, F10, but excluding 
F1) represent a group only weakly characterised floristically. Generally distributed Atlantic and 
Atlantic-sub-Atlantic species are rare in the northern part of the Atlantic province outside of the 
British Isles. In addition to the species group of Galium saxatile, already reviewed in the chapter 
‘floristic composition’, the bryophytes of the Mnium hornum group appear to be the only posi-
tively characterising species group of this unit. The north-eastern temperate units are considerably 
better furnished with boreal coniferous forest species and eastern European elements. 

Unit F1 is the headquarters for hygric oceanic species. These are the Middle Alantic, hyperoceanic west Irish/west British 
bryophyte-rich sessile oak forests (Quercus petraea) with Ilex aquifolium, the introduced Rhododendron ponticum, the abun-
dance of the liane Hedera helix, Luzula sylvatica, Blechnum spicant, Dryopteris aemula, Hymenophyllum tunbrigense, H. 
wilsonii, and abundant cryptogams, e.g. the mosses Isothecium myosuroides, Thuidium tamariscinum, Hylocomium brevi-
rostre, the liverworts Saccogyna viticulosa, Scapania gracilis, as well as Plagiochila spinulosa and other laurel-forest bryo-
phytes. 

In contrast to F1 with its abundance of oceanic species, Unit F2 is a negatively characterised marginal unit. It is represented 
by east Irish-British sessile (and pedunculate) oak forests with Betula pubescens, Ilex aquifolium, Galium saxatile, Luzula 
sylvatica, Blechnum spicant, Primula acaulis, Hyacinthoides non-scripta, Conopodium majus and, at least partly, many 
mosses. From the similar, partly also Atlantic unit F8, it is distinguished by sporadic Rhododendron ponticum, Hedera helix 
growing as a liane, the above mentioned ferns and herbaceous plants as well as the bryophytes Plagiomnium undulatum, 
Plagiochila asplenioides, Hylocomium brevirostre, Isothecium myosuroides and Diplophyllum albicans. 

F3 includes British intermittently-moist moor grass-oak forests (Quercus robur and Q. petraea), dominated by Molinia 
caerulea and alternating with birch carrs (Betula pubescens and B. pendula) with Myrica gale (DT 11.1.), Erica tetralix 
(8.2.), Narthecium ossifragum (8(11).1.), Sphagnum compactum, as well as valley bogs. F3 is distinguished from F9 basically 
by the same species that distinguish F2 from F8. 

Unit F9 on the European mainland corresponds ecologically to F3. Here, also there are Atlantic and sub-Atlantic intermit-
tently-moist moor grass-birch-pedunculate oak forests (Quercus robur, Betula pubescens, B. pendula) dominated by Molinia 
caerulea with Frangula alnus, Lonicera periclymenum, Carex nigra, Aulacomnium palustre, Sphagnum species, and on 
richer soils with Alnus glutinosa, Deschampsia caespitosa and Athyrium filix-femina. 

Unit F8 on the European continent corresponds to the British F2 unit, although it has a wider amplitude of oceanity. It is 
represented by Middle Atlantic and (northern) sub-Atlantic birch-oak forests (Quercus robur and Q. petraea, with Betula 
pendula, B. pubescens, Populus tremula) with Frangula alnus, Dryopteris carthusiana, D. dilatata, Festuca filiformis, Gali-
um saxatile, Teucrium scorodonia (in the south), Ceratocapnos claviculata, Rubus fruticosus agg. div. spec.; in the northern 
temperate areas of Europe with Vaccinium myrtillus, V. vitis-idaea, Trientalis europaea, Maianthemum bifolium, Luzula 
pilosa, Pinus sylvestris and Picea abies; further south with Hieracium laevigatum and H. umbellatum. F8 is distinguished 
from F2 particularly by the presence of Pinus sylvestris, Picea abies, Frangula alnus and Maianthemum bifolium. 

As a trophically more demanding northern temperate unit, F10 is characterised by more mesotrophic species than occur in 
Units F1, F2, F3, F8 and F9. It consists of Atlantic to Central European, south Scandinavian pedunculate oak forests (Quer-
cus robur) on richer sites. Atlantic and sub-Atlantic species have only a weak presence here, i.e. at the northern limit of the 
temperate zone. In F10 some east European species already start to appear. 

The ( n o r t h )  e a s t  E u r o p e a n  t e m p e r a t e  acidophilous oak forests (F11, F12, F13, 
F19), display a very different floristic composition because they are weaker influenced by ocean-
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ity. They lack Atlantic, sub-Atlantic and western sub-Mediterranean elements but instead are 
characterised by Eurasian-boreal and Eurasian-temperate, as well as east European and sub-
Mediterranean-continental species. Calamagrostis arundinacea can be regarded as an indicator 
species for this change. The presence of sub-Mediterranean species is an indication of the more 
marked seasonality of the climate with warmer summers compared to the north-west European 
temperate units. The trophy of these units increases towards the east, since the conifers become 
more competitive here, displacing the deciduous forests from very base-deficient sites. 

Unit F19 represents southern Central European (Hercynian) pine-oak forests (Quercus robur, Q. petraea, Pinus sylvestris) 
with Vaccinium myrtillus, V. vitis-idaea, Calluna vulgaris and Calamagrostis arundinacea. This unit is floristically and 
ecologically hard to distinguish from F11 and could in fact be combined with it. 

F11 encompasses (sub-Atlantic) Central European (Faelian-southern Baltic-Hercynian-Polonian) oak forests (Quercus pet-
raea, Q. robur) with Pinus sylvestris, Calamagrostis arundinacea, Melica nutans, Rubus saxatilis, Orthilia secunda; in the 
north there is a dominance of Vaccinium species; in the south these forests are rich in grasses, sometimes with Silene nutans, 
Polygonatum odoratum, Campanula persicifolia, Peucedanum oreoselinum and Carex montana. The sub-Atlantic species 
disappear. Formations on poorer sites have a higher natural proportion of pine. In certain places one can also find pine forests 
on inland dunes. 

Unit F12 characterises the Central European to south-west Sarmatian mixed pine-oak forests (Quercus robur, Pinus sylves-
tris, partially Quercus petraea) with Euonymus verrucosa, Vaccinium myrtillus, V. vitis-idaea, Trientalis europaea, Orthilia 
secunda and Chamaecytisus ruthenicus. Locally, pine forests also occur alongside this unit. Unit F12 ends, in principle, in the 
Central European province, as does the range of the sessile oak; in the map they may, therefore, be shown extending too far 
to the east. The proper Sarmatian unit is in fact F13. According to the tables of J. M. MATUSZKIEWICZ (1988), F13 is primar-
ily negatively differentiated from F12, except for the occurrence of Abies alba and Quercus petraea. 

Unit F13 represents the Sarmatian pine-pedunculate oak forests (Quercus robur, Pinus sylvestris) with Tilia cordata and 
sometimes Picea abies, with Euonymus verrucosa, Vaccinium myrtillus, V. vitis-idaea, Trientalis europaea, Orthilia 
secunda, Goodyera repens, Chamaecytisus ruthenicus, Potentilla alba and Melampyrum nemorosum. The entire species 
combination of F13 stresses the generally higher trophic level, a higher contingent of nordic and sub-Mediterranean species 
and a markedly Sarmatian character. Within unit F13 J.M. MATUSZKIEWICZ (1988) distinguished a subboreal and a Sarmatian 
geographic variant. The subboreal geographic variant contains, for example, more Picea abies, while the Sarmatian geo-
graphic variant contains more Pinus sylvestris in the shrub layer. If one were to apply similarly narrow criteria as those ap-
plied in western Europe, the subboreal and the Sarmatian geographic variants of F13 might in fact be assigned to two differ-
ent mapping units and syntaxa (cf. comments on F12 and F13 in the chapter “syntaxonomy”). 

 
Central to east European southern temperate and sub-Mediterranean acidophilous mixed 
oak forests (F20-F22) 

Unit F20 describes the s o u t h e r n  C e n t r a l  E u r o p e a n  mixed Luzula luzuloides sessile- and pedunculate- oak 
forests (Quercus petraea, Q. robur, sometimes with Pinus sylvestris) with Melampyrum pratense, Hieracium sabaudum, H. 
umbellatum, H. lachenalii, Genista tinctoria, G. germanica and Calamagrostis arundinacea. Thermophilous subunits con-
tain, for example Campanula persicifolia, Silene viscaria, S. nutans, Polygonatum odoratum and Cytisus nigricans. There are 
also xerothermic forms in this unit which are similar to those of unit F18, but which represent eastern vicariants. 

The s u b - M e d i t e r r a n e a n / s u b m o n t a n e  unit F21 is characterised by south-eastern pre-Alpine-Illyrian mixed 
sessile oak forests (Quercus petraea s. l.) with Genista tinctoria, Cytisus nigricans, Chamaecytisus hirsutus, Lathyrus niger 
and Tanacetum corymbosum. Floristically, it can be distinguished from unit F20 by the presence of sub-Mediterranean-
nemoral elements of distribution types 5.2., 5.4. and 5.5.: Quercus cerris, Q. frainetto, Fraxinus ornus, Potentilla micrantha, 
Hieracium racemosum, Epimedium alpinum, Silene nemoralis, Helleborus odorus, Silene coronaria and others. These spe-
cies are highly constant, but are always admixed in only small amounts (otherwise F21 would have been assigned to forma-
tion G). Overall, however, there is a clear floristic affinity with the more demanding thermophilous mixed oak forests. Apart 
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from additional sub-Mediterranean species (DTG 5.) the high proportion of temperate-subcontinental species (DT 8.11. and 
8.13.) should be emphasised. 

A woodland type that has not been listed separately as a unit in its own right is represented by the eastern and south-eastern 
xerothermic oak forests on rocky sites, described by various authors under the term ‘Genisto pilosae-Quercetum’. They occur 
within the range of Units F20, F21 and F17 and are related to Formation G, particularly on more base-rich rocky sites. 

Unit F22 includes Central European-Pannonian-Danubian intermittently-moist moor grass-pedunculate oak forests (Quercus 
robur, in the submeridional territories with Fraxinus angustifolia subsp. danubialis), with Euonymus verrucosa, Molinia 
caerulea, M. arundinacea, Deschampsia cespitosa and Carex brizoides. It is distributed in several areas in the foothills of the 
Carpathian Mountains. 
 
Literature 

AMIGO & ROMERO 1994; BJØRNSTAD, 1971; BOLÒS, O. DE 1988; BRAUN-BLANQUET 1967a, 1967b; 
BRAUN-BLANQUET & TÜXEN 1952; DELÉLIS-DUSSOLIER & GÉHU 1975; DENZ 1994; DIEKMANN 

1994; DOING 1962; ELLENBERG & KLÖTZLI 1972; FRILEUX 1975; GLAVAČ & KRAUSE 1969; HÄRD-

TLE, HEINKEN, PALLAS & WELSS 1997; JÄGER 1968; JALAS & SUOMINEN (Ed.) 1976, 1983; KELLY 

1981; LAPRAZ 1963b; LAWESSON 2000; MATUSZKIEWICZ J. M. 1988; MATUSZKIEWICZ W. 1984; 
MEUSEL 1941; MEUSEL & JÄGER 1989; MEUSEL, JÄGER & WEINERT 1965b; MOSS 1911a; NEU-

HÄUSLOVÁ 2001b; OBERDORFER 1964; PALLAS 1996, 2000, 2002; PASSARGE & HOFMANN 1968; 
RAMEAU & ROYER 1975; RIVAS-MARTÍNEZ 1974c, 1987; RODWELL (Ed.) 1991a; SCAMONI 1960; 
SOÓ 1964; STEFANOVIC 1964c; STEFANOVIC & MANUSEVA 1966, 1971; TIMBAL 1988; WAGNER 

1989. 





















Map of the Natural Vegetation of Europe Formation F.2 
 

 245  

F.2 Mixed oak-ash forests (Fraxinus excelsior, Quercus robur, Ulmus glabra, 
Quercus petraea) 

John Cross with contributions by Javier Loidi and Udo Bohn 

Characterisation and typological delimitation; geographical distribution 

The area of distribution of this oceanic formation, in which the primary tree species are Fraxinus 
excelsior, Quercus robur, Ulmus glabra and Quercus petraea, is centred on the British Isles, as 
well as in the foothills and interior of the western Pyrenees and the Cantabrian Mountains. Iso-
lated stands also occur along the western coast of Norway and in north-west France. This forma-
tion usually colonises base-rich, often calcareous, moderately acidic to neutral brown earths. A 
relatively species-rich, meso- to eutrophic flora is characteristic, unlike the preceding formation of 
species-poor acidophilous oak and mixed oak forests (F.1). Mixed oak-ash forests occur mainly 
outside the natural distribution area of oak-hornbeam forests and beech forests, although Fagus 
sylvatica appears in some places as a natural element of this formation in Spain, France and 
southern England. In Ireland, Fraxinus excelsior occurs as the dominant tree species in all base-
rich, moderately dry to damp habitats, as beech and hornbeam do not naturally occur. 
 
Stand structure and physiognomy 

In natural forest stands the tree layer is formed by Fraxinus excelsior and Quercus robur in differ-
ent relative proportions and reaches a height of 20 to 30 m on deep soils. On shallow soils they are 
much lower in height, in places reaching only 4 m or even less, e.g. on extremely shallow calcare-
ous sites, or in exposed coastal areas. In karst areas with very shallow soils, the "tree layer" con-
sists only of shrubs and the stands alternate with natural grassland and heath communities. 

The shrub layer, which can achieve a height of 8 m, is usually well developed (owing to the light 
canopy) and is often species-rich. It is typically dominated by Corylus avellana, and in addition, 
shrubs such as Crataegus monogyna and Ilex aquifolium. Rubus fruticosus agg. can form a second 
shrub layer with other low woody plants, which in combination with climbing plants often form 
an impenetrable thicket. 

The herb layer is generally well developed and usually species-rich with numerous ferns, al-
though typically dominant species are absent. Seasonal facies of spring geophytes (e.g. Ranuncu-
lus ficaria, Hyacinthoides non-scripta) are a prominent feature, with ferns, such as Dryopteris 
species and Pteridium aquilinum a feature of the summer facies. 

The moss layer is in general poorly developed, but the cover and its importance increases west-
wards, where vigorous pleurocarpous mosses can be dominant on rocky sites. 

The presence and luxuriance of Hedera helix, both as a liane and as ground cover, together with 
Ilex aquifolium Ruscus aculeatus (in places) and epiphytic mosses confers a semi-evergreen ap-
pearance to these forests. The ivy-clad tree trunks are a particular feature of the winter aspect. 
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Floristic composition  

Mixed oak-ash forests are part of the Atlantic floral region and are therefore characterised by a 
high proportion of oceanic species. Some of these species, such as Hyacinthoides non-scripta, 
Primula acaulis, Polystichum setiferum and Asplenium scolopendrium, have their optimal grow-
ing conditions in these forests. The southern units are also populated by sub-Mediterranean and 
Mediterranean species such as Smilax aspera, Rubia peregrina, Ruscus aculeatus, Rubus ulmi-
folius and Rosa sempervirens (see Table 13). Fraxinus excelsior and Quercus robur (locally also 
Q. petraea) typically dominate the tree layer. Elms (usually Ulmus glabra) were formerly wide-
spread, but because of the outbreak of Dutch Elm Disease they are now rare or contribute little to 
the tree layer. Fagus sylvatica only plays a significant role where it occurs or dominates naturally 
in adjacent units, i.e. in northern Spain as well as in southern England and north-west France. 
However, beech has been widely and repeatedly introduced in other areas from where it often 
spreads spontaneously. Tilia cordata occurs locally in western Norway, Great Britain and south-
west France. Sycamore (Acer pseudoplatanus) is a natural component only in France and Spain, 
whereas in Great Britain and Ireland it has been introduced and reproduces and spreads spontane-
ously, particularly on damper sites. Taxus baccata is widespread, but is seldom abundant. The 
naturalised Castanea sativa forms an integral component of the tree layer particularly in northern 
Spain and south-west France. The second tree layer is usually well developed and consists of Acer 
campestre, Sorbus aucuparia and Betula species, as well as other trees depending on the area and 
habitat. Like beech, the hornbeam (Carpinus betulus) is absent from the greater part of the distri-
bution area of the formation and occurs admixed only within its natural area of distribution, i.e. in 
southern England and south-west France. 

Lianes occur in varying proportions. Hedera helix in particular can develop luxuriantly both on 
tree-stems and in the canopy. Lonicera periclymenum, Clematis vitalba and Tamus communis can 
develop into thickets where grazing is absent. 

Although the shrub layer is dominated by Corylus avellana, it is as a rule quite species-rich, with 
Ilex aquifolium, Crataegus monogyna, Viburnum opulus, Euonymus europaea and Prunus spinosa 
being very frequent. Rubus fruticosus agg. can form a lower shrub layer. Thermophilous species 
such as Ruscus aculeatus, Rosa sempervirens and Daphne laureola are also present in south-west 
France and northern Spain. The boreal species Ribes spicatum is characteristic for Norway. 

The herb layer is usually species-rich and dominated by herbaceous perennials. In spring, geo-
phytes play an important role when they are in bloom: Ranunculus ficaria in the early spring, 
Anemone nemorosa and Hyacinthoides non-scripta in late spring. Characteristic herb species in-
clude Primula acaulis, Circaea lutetiana, Mercurialis perennis, Brachypodium sylvaticum, Sani-
cula europaea, Viola species (V. riviniana, V. reichenbachiana), Conopodium majus and Carex 
sylvatica. In the summer, ferns such as Dryopteris filix-mas, D. affinis subsp., borreri, Polysti-
chum setiferum, Athyrium filix-femina and Asplenium scolopendrium dominate the field layer, 
particularly in climatically wetter areas.  
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Table 13: Floristic structure of mixed oak-ash forests (F.2). 

No of the mapping unit F27 F28 F29 F30 F31 F32 F33
Location in Europe N W W W W W SW

Tree layer:        
Fraxinus excelsior d d D D d x d
Quercus robur (x) d (x) (x) d D d
Ulmus glabra d x x . d x (x)
Tilia cordata x . (x) . x (x) (x)
Sorbus aucuparia [St] . x x (x) [x] x .
Fagus sylvatica [anthropogen] . [x] [x] . [x] x (x)
Betula pubescens . (x) x (x) . (d) .
Prunus avium . x x . (x) (x) (x)
Acer campestre . . (x) (x) d . x 
Acer pseudoplatanus [anthropogen] . . [x] . [x] x (x)
Sorbus aria . x x . . . (x)
Tilia platyphyllos . . (x) . (x) . (x)
Quercus petraea . . (x) . . (d) (x)
Carpinus betulus . . . . x (x) (x)
Taxus baccata [St] [x] . (x) . . . .
Malus sylvestris . x x . . . .
Salix caprea . x (x) . . . .
Castanea sativa [anthropogen] . . . . . [x] [x]
Alnus glutinosa (x) . . . . . .
Alnus incana (x) . . . . . .
Prunus padus (x) . . . . . .
Ulmus procera . . . . (x) . .
Ulmus minor . . . . (x) . (x)
Sorbus torminalis [St] . . . . [x] . (x)
Acer opalus . . . . . . (x)
Quercus pyrenaica . . . . . . (x)
Quercus ilex . . . . . . (x)
Shrub layer:        
Corylus avellana x d d d d x d
Ilex aquifolium x x x x x d x
Rubus fruticosus agg. . x x x d d x
Crataegus monogyna . x x x x x x
Euonymus Europeea . x x x . (x) x
Viburnum opulus . x x . x (x) (x)
Prunus spinosa . x x (x) . . x
Sambucus nigra . . (x) . x x (x)
Rhamnus cathartica . . (x) (x) . . (x)
Cornus sanguinea . . (x) . . (x) x
Crataegus laevigata . . . . x x (x)
Frangula alnus . . . (x) . . (x)
Ligustrum vulgare . . . (x) . . x
Ruscus aculeatus . . . . . (x) x
Ribes spicatum x . . . . . .
Rosa spinosissima . . . (x) . . .
Potentilla fruticosa . . . (x) . . .
Juniperus communis . . . (x) . . .
Salix atrocinerea . . . . . . (x)
Daphne laureola . . . . . . x
Rosa arvensis . . . . . . (x)
Rosa sempervirens . . . . . . (x)
Rubus ulmifolius . . . . . . x
Lonicera xylosteum . . . . . . (x)
Laurus nobilis . . . . . . (x)
Rhamnus alaternus . . . . . . (x)
Lianas:          
Hedera helix x x x x x x x
Lonicera periclymenum x x (x) . x x x
Clematis vitalba . . . . (x) . (x)
Tamus communis . . . . (x) . x
Smilax aspera . . . . . . x
Rubia peregrina . . . . . . x 
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No of the mapping unit F27 F28 F29 F30 F31 F32 F33
Location in Europe N W W W W W SW

Herb layer:          
Hedera helix x d x x d x x
Anemone nemorosa x x x x x x .
Primula acaulis x x x . x (x) x
Sanicula Europeea x x x . x (x) x
Brachypodium sylvaticum x x x . x (x) x
Carex sylvatica x x x . x (x) x
Conopodium majus x x (x) . x x x
Polystichum setiferum . x x x x x x
Dryopteris filix-mas . x x x x x x
Dryopteris affinis subsp. borreri . x (x) x x x x
Viola riviniana . x x x x x .
Geranium robertianum . x x x x . x
Potentilla sterilis . x x x x . x
Asplenium scolopendrium . x x x x . x
Geum urbanum . x (x) x x . x
Veronica chamaedrys . x x x x . x
Viola reichenbachiana . x (x) x x . x
Fragaria vesca . x x x (x) . x
Hyacinthoides non-scripta . x (x) . d x (x)
Oxalis acetosella . x x . (x) x x
Athyrium filix-femina . x (x) . x (x) x
Circaea lutetiana . x (x) . x x x
Dryopteris dilatata . x . . x x x
Ranunculus ficaria x . . . x x x
Arum maculatum . x x . x . (x)
Filipendula ulmaria (x) (x) . . (x) . .
Allium ursinum x . (x) . x . .
Polystichum aculeatum x . (x) . (x) . .
Urtica dioica . . (x) x x . .
Galium aparine . . (x) x x . .
Glechoma hederacea . . (x) . x x .
Veronica montana . (x) . . (x) . (x)
Hypericum pulchrum . . (x) (x) . . (x)
Lamium galeobdolon . . (x) . x . x
Teucrium scorodonia . . (x) . (x) . (x)
Mercurialis perennis . . (x) . d . x
Melica uniflora . . (x) . x . x
Stellaria holostea . . . . (x) x x
Stachys sylvatica x . . . x . .
Lysimachia nemorum . (x) . . (x) . .
Asplenium trichomanes . . x x . . .
Sesleria albicans . . x x . . .
Solidago virgaurea . . (x) . . x .
Campanula trachelium . . (x) . . . (x)
Pteridium aquilinum . . . . . d x
Blechnum spicant . . . . . x (x)
Silene dioica . . . . . (x) (x)
Festuca altissima x . . . . . .
Orchis mascula x . . . . . .
Circaea intermedia x . . . . . .
Aegopodium podagraria x . . . . . .
Matteuccia struthiopteris x . . . . . .
Gagea lutea x . . . . . .
Ranunculus auricomus x . . . . . .
Stellaria nemorum (x) . . . . . .
Cardamine flexuosa (x) . . . . . .
Chrysosplenium oppositifolium (x) . . . . . .
Chrysosplenium alternifolium (x) . . . . . .
Carex remota (x) . . . . . .
Ranunculus repens (x) . . . . . .
Caltha palustris (x) . . . . . .
Glyceria fluitans (x) . . . . . .
Crepis paludosa (x) . . . . . .
Rubus saxatilis . . x . . . .
Convallaria majalis . . (x) . . . .
Calluna vulgaris . . (x) . . . .
Campanula latifolia . . (x) . . . .
Erica cineria . . (x) . . . . 
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No of the mapping unit F27 F28 F29 F30 F31 F32 F33
Location in Europe N W W W W W SW

Arctostaphylos uva-ursi . . (x) . . . . 
Empetrum nigrum . . (x) . . . .
Antennaria dioica . . (x) . . . .
Galium verum . . (x) . . . .
Asperula cynanchica . . (x) . . . .
Gentiana verna . . (x) . . . .
Helianthemum oelandicum subsp. incanum . . (x) . . . .
Geranium sanguineum . . (x) . . . .
Dryas octopetala . . . (x) . . .
Carex flacca . . . (x) . . .
Thymus praecox . . . (x) . . .
Deschampsia cespitosa . . . . (x) . .
Holcus mollis . . . . . x .
Luzula sylvatica . . . . . x .
Dryopteris affinis . . . . . . x
Helleborus viridis subsp. occidentalis . . . . . . x
Isopyrum thalictroides . . . . . . (x)
Ceratocapnos claviculata . . . . . . (x)
Pulmonaria affinis . . . . . . x
Euphorbia amygdaloides . . . . . . x
Euphorbia dulcis . . . . . . x
Euphorbia hyberna . . . . . . (x)
Hepatica nobilis . . . . . . x
Lathraea clandestina . . . . . . x
Carex umbrosa . . . . . . x
Pulmonaria longifolia . . . . . . x
Symphytum tuberosum . . . . . . (x)
Brachypodium pinnatum subsp. rupestre . . . . . . x
Arum italicum . . . . . . (x)
Iris foetidissima . . . . . . x
Hypericum androsaemum . . . . . . x
Saxifraga hirsuta . . . . . . (x)
Ranunculus nemorosus . . . . . . x
Lathyrus niger . . . . . . (x)
Senecio adonidifolius . . . . . . (x)
Moss layer:        
Thuidium tamariscinum x x x x . x x
Eurhynchium striatum x x x x . x x
Plagiomnium andulatum x x x x x . x
Brachythecium rutabulum x . x x x . .
Mnium hornum x . x . x x .
Atrichum andulatum . (x) x . x x .
Fissidens taxifolius x x . . x . x
Hylocomium brevirostre d . x x . . .
Ctenidium molluscum x . x x . . .
Eurhynchium praelongum x . . . x x x
Rhytidiadelphus triquetrus . x x x . . .
Thamnobryum alopecurum . x x . . . .
Neckera crispa . . x x . . .
Scapania aspera . . x x . . .
Tortella tortuosa . . x x . . .
Trichocolea tomentella x . . . . . .
Plagiomnium elatum x . . . . . .
Brachythecium rivulare x . . . . . .
Neckera complanata . . x . . . .
Fissidens dubius . . x . . . .
Marchesiana machaii . . x . . . .
Breutelia chrysocoma . . . x . . .
Dicranum scoparium . . . (x) . . .
Rhytidiadelphus loreus . . . . . x . 

 
 
Explanations: 
D = dominant   x = regular occurence (listed in data sheets) 
d = codominant   (x) = local occurence (only in specific types) 
(d) = locally co-dominant 
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As the climate or habitat becomes wetter, the moss layer becomes increasingly species-rich and 
luxuriant. Widespread species include Eurhynchium striatum, E, praelongum, Thuidium tama-
riscinum, Brachythecium rutabulum, Plagiomnium undulatum and Atrichum undulatum. 
 
Position in the phytosociological system (syntaxa) 

The Categorisation of mixed oak-ash forests within the Braun-Blanquet phytosociological system 
is not very satisfactory, since the forests lie outside the distribution area of many diagnostically 
important species that are used to classify related communities in central Europe. The units cer-
tainly belong to the order Fagetalia sylvaticae Pawłowski 1928 and most likely to the following 
two alliances: Carpinion betuli Issler 1931 in the south of Great Britain, Alnion incanae Paw-
łowski in Pawłowski, Sokołowski & Wallisch 1928 (Syn.: Alno-Ulmion Braun-Blanquet et 
Tuexen 1943, Alno Ulmion Knapp 1942) in damp locations in western Norway, Ireland, in parts 
of Great Britain and in north-west France and to the sub-alliance Polysticho-Corylenion (Van den 
Bergen 1969) O. Bolòs 1973 of the Carpinion in northern Spain and south-west France. The syn-
taxonomic classification of oak-ash and hazel-ash forests on dry and shallow sites appears espe-
cially problematic. 
 
Macroclimatic factors 

A pronounced oceanic climate with precipitation evenly distributed over the whole year is character-
istic for this formation. The annual precipitation varies from 600 mm in eastern England and north-
ern France to 1400 mm in the west of Great Britain and Ireland, and as high as 1600 mm in Can-
tabria and 2000 mm on the western Norwegian coast. The summers are relatively cool to warm. The 
July temperatures range from 14-16 °C in Norway, Ireland and Great Britain to 18-20 °C in northern 
Spain. The mean winter temperatures varies form -3 °C in Norway to 6-7 °C in western Ireland, 
western Great Britain and Cantabria. Severe frosts and prolonged snow covers are rare. At certain 
locations, strong winds and/or salt spray restrict the height of the tree layer. 
 
Site conditions 

Mixed oak-ash forests occur mainly on base-rich, often calcareous, mostly loamy, and sometimes 
sandy or gravelly brown earths, which have developed from glacial moraine, chalk sediments, 
calcareous rocks or slates. In certain locations they also occur on rendzina or very shallow cal-
careous soils (F29, F30, F31). The pH-value is usually weakly acidic to neutral (between 6 and 7), 
but in some units (F32) as low as 4.5. The soils range from mesotrophic to eutrophic (oligotrophic 
in some areas), from fresh to moist (but sometimes dry) and they are locally pseudogleyed or 
gleyed, usually with a mull humus. On very shallow or particularly permeable soils, considerable 
drought stress can develop even in hyperoceanic regions such as western Ireland, due to seasonal 
dryness.  

Most units occur between sea level and 330 m. In northern Spain the mixed oak-ash forests reach 
450 m above sea level - and up to 1000 m in the submontane-montane formations.  
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Role in structuring the landscape 

The most extensive stands of the lowland units of this formation lie on slightly undulating plains, 
low plateaux and in valleys. However, the forest stands only occupy a small area and occur as 
extensively modified fragments in an agricultural landscape. In Great Britain, and to a lesser ex-
tent in Ireland, such stands are characterised by the very attractive Hyacinthoides non-scripta as-
pects in early summer. In some areas, small outcrops of harder rock colonised by mixed oak-ash 
forests form a striking landscape feature. Distinctive formations of shrub-like forest stands occur 
in karst regions, where the extremely shallow, rocky soils only allow scrub to develop, broken by 
open areas of calcareous heaths and dry grasslands. Other habitats for this formation include 
steep, boulder-strewn slopes subject to seepage in the valleys and fjords of Norway. 

One colline-submontane to montane formation (F33) occurs in the foothills, valleys and basins of 
the western Pyrenees and Cantabrian Mountains, and as a relict community in gorges and narrow 
valleys cutting through the northern slopes of the Moncayo Massif in northern Spain. 

The mapping units consist to a large extent of community complexes, resulting from variations in 
soil conditions over small areas, and often exhibit transitions to other units. Patches of hazel-ash 
forest (F29) may, therefore, occur on shallow calcareous rock within mixed oak-ash forests (F28, 
F31) and vice versa. The distribution area of the mixed bluebell-ash-oak forests (F32) can also 
contain stands of acidophilous oak forests (e.g. F1, F2, F3, F8). In the British Isles, mixed oak-ash 
forests are increasingly replaced to the north and west by acidophilous oak forests. Similar ten-
dencies can also be observed in the northern foothills of the Pyrenees and in the western Can-
tabrian Mountains. In southern Britain, the Pyrenees and the Cantabrian Mountains, these forests 
border on, and indeed merge into, species-rich or acidophilous beech and mixed beech forests. On 
alluvial plains and in valleys there are transitions to flood-plain forests and damp mixed alder-
oak-ash forests. In Ireland, and to a lesser extent also in Great Britain, raised bogs, fens, lakes 
with aquatic plant communities and temporary lakes (turloughs) also occur within the vegetation 
complexes of the karst regions (F29, F30). The west-Norwegian unit contains pine and birch for-
ests and sometimes borders on to alpine dwarf shrub vegetation as well as spruce forests. 
 
State of preservation, land use, substitute communities; nature conservation 

Most mixed oak-ash forests occur naturally on fertile soils, and as such most have been cleared 
for agricultural use. On deep, lowland soils, crops such as wheat, barley, corn, sugar beet and rape 
are grown. In wetter climates, on shallow soils and on steep slopes, pastures and meadows are 
dominant (Arrhenatheretalia Tuexen 1931). Unfertilised meadows and pastures in these locations 
are very species-rich, but many pastures have been converted to species-poor, fertilised grassland 
for intensive farming and the majority of the former hay meadows have been resown and heavily 
fertilised for silage production. . A typical feature of the traditional arable farming and grassland 
landscape of this unit in the British Isles is the separation of fields and meadows by a network of 
hedges ("hedge landscape"). These species-rich hedges typically consist of thorny shrubs of the 
genera Rosa, Rubus, Prunus and Crataegus, accompanied by other species of the order Prunetalia 
spinosae, as well as trees typical of the formation, such as Fraxinus excelsior, Acer campestre, A. 
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pseudoplatanus and in some locations also Quercus robur and Ulmus glabra. 

The remaining forest stands were formerly often exploited as coppice or coppice with standards 
and as a consequence may be rich in species. However, such management systems are being in-
creasingly abandoned and such stands are spontaneously developing into high forest. In many 
cases they are also being replaced by plantations of the naturally occurring dominant species, 
sycamore, beech or to a lesser extent, conifers. Areas in which agricultural exploitation has ceased 
are also being converted increasingly into forest plantations, either with naturally occurring tree 
species or with beech, Pinus or Picea species, or in Spain Eucalyptus globulus. 

Only small stands of semi-natural mixed oak-ash forests have been conserved; some of these 
stands are very rich in species, and some are still managed in the traditional manner (coppicing, 
”Schneitelwirtschaft”), which have largely died out. In Great Britain, such stands are well repre-
sented in protected areas, but elsewhere only a few stands are protected and they still remain un-
der threat from clearance, conversion to forest plantations, eutrophication, as well as recreational 
activity. In addition to the semi-natural stands, traditional methods of exploitation should also be 
preserved or, indeed, reactivated. Substitute communities including ancient meadows, pastures as 
well as the network of hedges are very rich in species and play an important role in preserving 
biological diversity in the agricultural landscape. These usually unprotected biotopes are also 
threatened either by agricultural intensification or by neglect and afforestation. 
 
Classification into subunits (see Table 13) 

The order of the mapping units is based primarily on their geographical position from north to 
south. 
 
F.2.1 Lowland-colline types  

F27 represents the northernmost, more or less isolated outpost of temperate mixed deciduous for-
ests. They owe their existence within the Boreal climatic zone to the warm Gulf Stream and to the 
climatically favourable conditions prevailing in the interior of fjords and at the foot of steep 
slopes. The unit appears on fresh to moist, base-rich soils on slopes and blocky screes on the 
lower slopes of the fjords of western Norway. It consists of a complex of noble hardwood and 
alder forests with birch and pine forests. The primary tree species are Fraxinus excelsior, Ulmus 
glabra, Tilia cordata, Alnus glutinosa and A. incana, as well as Betula pubescens (s.l.) and Pinus 
sylvestris. The shrub layer is formed from Corylus avellana, Ilex aquifolium, Ribes spicatum and 
Taxus baccata. The herb layer is species-rich with species characteristic of mesophilous decidu-
ous forests such as Primula acaulis, Brachypodium sylvaticum, Sanicula europaea, Circaea in-
termedia, Polystichum aculeatum etc. In wet habitats, a variety of indicators of moist and humid 
conditions, such as Chrysosplenium oppositifolium, C. alternifolium, Carex remota, Crepis palu-
dosa, Filipendula ulmaria, Caltha palustris und Matteuccia struthiopteris are present. The moss 
layer is usually luxuriant and relatively abundant in species (e.g. Fissidens taxifolius, Hylocomium 
brevirostre, Plagiomnium undulatum, Ctenidium molluscum, Thuidium tamariscinum). The nordic 
character of this unit is revealed by the appearance of boreal floral elements (Alnus incana, Ribes 
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spicatum, Matteuccia struthiopteris) and especially by combinations of, and contacts with, boreal 
vegetation types, such as birch, pine and spruce forests. 

The main unit in the lowlands of Ireland on deep, base-rich, glacial drift soils is represented by 
pedunculate oak-ash forests (F28). In the tree layer, ash (Fraxinus excelsior) and pedunculate oak 
(Quercus robur) with heights exceeding 20 m are dominant. Occasionally, Ulmus glabra is also 
admixed. The naturalised species Fagus sylvatica, reproduces spontaneously and sometimes com-
prises a secondary component of the tree and shrub layer. Sorbus aucuparia, Ilex aquifolium, 
Prunus avium, Betula pubescens form an open secondary tree layer in places. In the shrub layer 
Corylus avellana is dominant together with Crataegus monogyna and Ilex aquifolium; Euonymus 
europaea and Viburnum opulus are other typical species. Nutrient demanding species are particu-
larly prevalent in the species-rich herb layer, which includes Arum maculatum, Circaea lutetiana, 
Geum urbanum, Sanicula europaea, Brachypodium sylvaticum, Viola reichenbachiana, Primula 
acaulis, Hedera helix (locally dominant), Potentilla sterilis, Veronica montana, Carex sylvatica. 
Ferns such as Dryopteris filix-mas, D. dilatata, D. affinis subsp. borreri, Polystichum setiferum 
and Asplenium scolopendrium are very widespread and characteristic, while mosses play a rela-
tively minor role. Spring geophytes are represented in particular by Anemone nemorosa and Hya-
cinthoides non-scripta. 

In the west of Ireland, where the glacial drift only forms a thin covering over the limestone, the 
soil is more calcareous , has a higher pH-value (approximately 6.9), and is in general better 
drained. Except for sites with a high groundwater table, the relatively dry, shallow and permeable 
soils prevent the development of tall trees despite the ample precipitation. Quercus robur declines 
at the expense of Fraxinus excelsior, which becomes dominant. The hazel-ash forests that grow 
here (F29) are low growing, often scrub-like , sometimes rather open and are dominated by Cory-
lus avellana Although the herb layer is species-rich, the degree of cover is usually low. Character-
istic species for the unit include Sesleria albicans, Asplenium trichomanes and Rubus saxatilis, as 
well as calcifuge species such as Hypericum pulchrum, Teucrium scorodonia and Solidago vir-
gaurea. The moss layer on the other hand is often luxuriantly developed with species such as Eu-
rhynchium striatum, Thamnobryum alopecurum, Thuidium tamariscinum, Rhytidiadelphus tri-
quetrus and Neckera complanata as well as the character species Tortella tortuosa, Fissidens 
dubius and Neckera crispa. Related communities occur in Great Britain in small areas with a 
somewhat different species composition. 

In the Burren region of western Ireland, and locally elsewhere in Ireland and Great Britain, cal-
careous rock appears at the surface and the overlying soil layer is either very thin or completely 
lacking. The trees are even lower, i.e. often less than 8 m and form scrub forest in a complex mo-
saic (F30) together with calcareous grassland, limestone heaths, thorny-shrub communities (with 
Rosa pimpinellifolia, Prunus spinosa, Rhamnus cathartica) and bare rock (pavement). This vege-
tation is remarkable for the intimate mixture of calcicole and calcifuge species and the juxtoposi-
tion of diverse geographical floral elements. These include dwarf shrubs such as Dryas oc-
topetala, Calluna vulgaris (and at higher altitudes Empetrum nigrum and Arctostaphylos uva-
ursi), grasses such as Sesleria albicans, Festuca rubra and Briza media, herbs such as Lotus cor-
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niculatus, Carex flacca, Succisa pratensis, Helianthemum oelandicum subsp. incanum, Anten-
naria dioica, Geranium sanguineum, Gentiana verna and numerous orchids such as Orchis mas-
cula, Anacamptis pyramidalis and Neotinea maculata. 

The pedunculate oak-ash forests with Acer campestre and Mercurialis perennis (F31) represent 
the British counterpart to F28 in Ireland. This unit is similarly structured, but shows marked flo-
ristic differences with additional species that are not found naturally in Ireland. Tilia cordata, 
Carpinus betulus, Acer campestre and Ulmus minor are present in the tree layer, Clematis vitalba 
and Tamus communis are climbing plants and Mercurialis perennis is present in the herb layer. 
Compared to the Irish unit, however, moisture bioindicators and Atlantic species are less preva-
lent. Unit F31 occurs over the whole of Great Britain, but is preferentially distributed in the east 
and south-east. The tree layer is also dominated by ash and oak with differing proportions of the 
above mentioned species as well as Ulmus glabra. The naturalised Acer pseudoplatanus is better 
represented in the moister north-west. In the shrub layer, hazel is dominant and accompanied by 
Acer campestre and Crataegus species. Euonymus europaea, Ligustrum vulgare and Cornus san-
guinea also occur in dry locations. Rubus fruticosus agg. together with Ribes species, Rosa canina 
(s.l.) and Lonicera periclymenum, can form a thick lower shrub layer in places. As with unit F28, 
the herb layer is very variable and species-rich; the characteristic species here include Mercurialis 
perennis (often dominating), Hyacinthoides non-scripta, Circaea lutetiana, Geum urbanum, Arum 
maculatum and Viola reichenbachiana. Less frequent but equally characteristic are Lamium 
galeobdolon, Carex sylvatica, Sanicula europaea, Adoxa moschatellina, Conopodium majus and 
Brachypodium sylvaticum . Ferns and mosses only play a minor role, but their relative contribu-
tion increases to the north and the west. On wet soils, Allium ursinum can dominate in places. 

In the cooler and wetter north-west of Great Britain where annual precipitation reaches 1200 mm, 
unit F31 is replaced by Fraxinus excelsior-Sorbus aucuparia-Mercurialis perennis forests. These 
colonise continuously fresh, argillaceous brown earths that have developed over limestone and 
calcareous drift. The stands vary structurally from high forests in sheltered areas to scrub forests 
in exposed areas. They are distinguished from unit F31 by the absence of thermophilous species 
such as Tilia cordata, Acer campestre, Rhamnus cathartica and Euonymus europaea, the rarer 
occurrence of oaks (Quercus petraea is more frequent here than Q. robur), the more frequent oc-
currence of Betula pubescens (subsp. carpatica in the north) and Sorbus aucuparia, as well as the 
presence of nordic-montane elements such as Trollius europaeus, Geranium sylvaticum and Cir-
sium heterophyllum. Both Mercurialis perennis and Hyacinthoides non-scripta are very frequent 
and characterise a variety of stands. In addition, indicators of fresh and moist soils, such as Cir-
caea lutetiana, Brachypodium sylvaticum, Deschampsia cespitosa, Potentilla sterilis, Cono-
podium majus, Veronica montana, Oxalis acetosella as well as the ferns Athyrium filix-femina and 
Dryopteris filix-mas, can be found regularly here. Mosses, of which Thuidium tamariscinum, Pla-
giomnium undulatum, Eurhynchium striatum, E. praelongum are predominant, may be present as 
patches or form extensive stands.,. The unit occurs mainly in the north-west English and Scottish 
Highlands, primarily on cool-wet valley slopes and in valley depressions. Because of the small 
area it occupies, it cannot be mapped at this scale and was therefore integrated into unit F32. 
Similar communities may also occur in corresponding sites in Ireland. 
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The Irish-British-Norman mixed oak-ash forests (F32) cover the largest area and represent a tran-
sition unit between the acidophilous oak forests and the mixed oak-ash forests. They occur on 
moderately base-rich acid brown earths with a pH-value between 4.5 and 5.5. It is a large and 
widely distributed forest type that occurs on lowland and colline relief in south-west, central and 
northern England, Wales, southern and eastern Scotland, southern and northeastern Ireland and in 
small areas on the coasts of Normandy and Brittany. Consistent with its wide geographic distribu-
tion, the unit is quite variable in nature, although it does retain its basic character. The tree layer, 
which on average is about 20 m high, is dominated by oaks, usually Quercus robur but also Q. 
petraea in certain locations and this species is dominant in Ireland. Birches (Betula pendula, al-
though more commonly B. pubescens in Ireland) and ash (Fraxinus excelsior) are the most preva-
lent tree species admixed. The proportion of ash depends on the trophic status and depth of the 
soil and its abundance increases to the north-west. The naturalised sycamore (Acer pseudoplata-
nus) has a similar distribution although it is less demanding. Ulmus glabra, Tilia cordata, 
Carpinus betulus, Prunus avium as well as Castanea sativa (naturalised in south-east England) are 
additional tree species of subordinate or regional importance. Fagus sylvatica sometimes occurs 
spontaneously and within or on the margin of its area of natural distribution can compete with 
Quercus robur. The second tree layer is frequently formed from Ilex aquifolium and Sorbus aucu-
paria together with Betula species, or they occur together with Corylus avellana in the shrub 
layer. Other rarer shrubs include Crataegus monogyna, C. laevigata, Viburnum opulus, V. lanata 
and Euonymus europaea. A dense lower shrub layer formed from Rubus fruticosus agg. and Lo-
nicera periclymenum is often present.  

The herb layer is species-rich and contains more demanding species than those that are present in 
acidophilous oak forests (F.1). However, compared to the other units of mixed oak-ash forests it is 
poorer in species and is frequently dominated by one or two species. In Great Britain these forests 
are often designated as "Bluebell woods" due to the dominance of Hyacinthoides non-scripta in 
late spring, while Anemone nemorosa is more abundant on fresh soils. These spring geophytes are 
followed by an aspect of Stellaria holostea and Holcus mollis, particularly in the north-west. 
Pteridium aquilinum and Luzula sylvatica are other species of the herb layer that dominate lo-
cally. Oxalis acetosella, Hedera helix (ground coverand/or as a liane), ferns (especially in the 
west: Dryopteris filix-mas, D. dilatata, D. affinis subsp. borreri, Athyrium filix-femina) and 
grasses (Poa trivialis, Deschampsia cespitosa, locally D. flexuosa) occur in varying abundance. 
The moss cover is usually low, but it increases westwards. 
 
F.2.2 Colline-submontane type 

The Cantabrian-Euscaldian mixed oak-ash forests (F33) are distributed on the northern and south-
ern slopes of the western Pyrenees along the Bay of Biscay and in the Cantabrian Mountains. The 
unit is characterised by a wet-warm climate and nutrient-rich, fresh to wet soils with a weakly 
acidic to neutral pH (pH-value 6 to 7). Consistent with the favourable climate and the geographi-
cal situation, these mixed oak-ash forests are distinguished by a range of Atlantic-
Submediterranean, Mediterranean and endemic species (see Table 13). Mediterranean species 
such as Smilax aspera and Rubia peregrina are frequent, and evergreen species are also abundant. 
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Two main communities can be distinguished: one with a more oceanic tendency, on wetter soils 
and at lower altitudes, and another further into the interior at higher altitudes with a more Mediter-
ranean influence. Both communities are dominated in the tree layer by Quercus robur (locally Q. 
petraea) and Fraxinus excelsior. Other tree species include Acer campestre, Castanea sativa and 
locally Ulmus glabra, as well as U. minor, Tilia platyphyllos and Quercus pyrenaica. Beech also 
occurs in areas of the Cantabrian Mountains with high precipitation and in shaded valleys of 
south-west France. As with the other units of the formation, Corylus avellana is the most frequent 
species in the shrub layer. The Atlantic-Submediterranean variant is differentiated by the presence 
of Rosa sempervirens, Laurus nobilis, Quercus ilex, Rhamnus alaternus and Ruscus aculeatus in 
the shrub layer, as well as Rubia peregrina as a liane. The more continental variant is character-
ised by the occurrence of Acer opalus, Sorbus aria, Lonicera xylosteum and Rhamnus cathartica. 
The species-rich herb layer is characterised by diagnostically important species such as Polysti-
chum setiferum, Dryopteris affinis, Asplenium scolopendrium, Helleborus viridis subsp., occiden-
talis, Pulmonaria affinis and Pulmonaria longifolia (hybrid). 
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F.3 Mixed oak-hornbeam forests (Carpinus betulus, Quercus robur, Q. petraea, 
Tilia cordata) 

Władysław Matuszkiewicz 

Characterisation and typological delimitation 

Mixed oak-hornbeam forests are meso- to eutraphent, mostly shady forests on moderately dry to 
moist sites. Their main distribution as zonal vegetation is in climatically moderate continental 
areas of lowland, colline and lower montane landscapes in the temperate and submeridional zones 
of Central and south-east Europe (see Map 9). 

The formation F.3 corresponds largely to the alliance Carpinion betuli. Consistent with the physi-
ognomic bias of the legend (aimed mainly at the composition of the tree layer), forest communi-
ties that clearly belong to the Carpinion betuli alliance, but which no longer feature Carpinus 
betulus for phytogeographical reasons, and where Quercus robur, Fraxinus excelsior and/or Tilia 
cordata accordingly become the stand forming tree species, are not included. These stands are in 
places mixed with Acer platanoides, Ulmus glabra, Populus tremula and in some areas Picea 
abies. Such communities occurring in the Atlantic, hemiboreal and continental areas of Europe 
have been designated as their own formations F.2 and F.4 (with similarities also in D.8). In addi-
tion, there are also close relationships with and fluid transitions to the Caucasian mixed oak-
hornbeam forests (F.7) that cross over to thermophilous mixed oak forests (formation G). 
 
Geographic distribution 

The range covered by oak-hornbeam forests is very extensive (see Map 9), but its centre lies in the 
subcontinental areas of Central Europe, mainly in eastern Germany, Poland, Bohemia/Moravia 
and Slovakia, as well as in western areas of Belarus and Ukraine, Romania and the northern part 
of the Balkan peninsula. This forest type can be regarded as climax vegetation; in the west-lying 
areas it increasingly assumes the character of a site-mediated persistent community until finally it 
becomes a markedly azonal type of lowland and flood plain forest in its moist expressions. To the 
north, the oak-hornbeam forest reaches to the southernmost part of Sweden as well as in isolated 
patches to the southern Baltic countries. To the west, oak-hornbeam forests can still be found in 
central and north-western France as well as across the English Channel in the south-eastern re-
gions of England. Here, however, they are interpreted more as anthropogenic substitute communi-
ties. 
 
Stand structure and physiognomy, floristic composition 

Oak-hornbeam forests as a rule feature a multi-layered stand structure. The tree stand is at least 
two, sometimes three and even four-storeyed. This is often a result of anthropogenic influences, 
particularly in western Europe. However, the more natural oak-hornbeam forests in the east, such 
as in Białowieża, are always three-storeyed in the tree stratum. The high, usually widely spaced 
oaks (Quercus robur, Q. petraea) and sometimes ash trees (Fraxinus excelsior) are followed in 
height by the small-leaved lime (Tilia cordata), Norway maple (Acer platanoides), hornbeam 
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(Carpinus betulus) and in parts the field maple (Acer campestre). With such a staggered construc-
tion, the canopy of the oak-hornbeam forest is usually more open than the cathedral-like stand of a 
beech forest, allowing light to penetrate into the interior of the forest. The result is a compara-
tively luxuriant development of the shrub layer, which in addition to regeneration of the dominant 
trees, also features Corylus avellana, Crataegus spp. and other shrubs. The herb layer is usually 
well developed and consists mostly of mesophilous as well as eutraphent large-leaved shrubs and 
grasses. A large proportion of spring geophytes is particularly characteristic of the richer forma-
tions. The moss layer is usually only weakly developed and consists of few shade-loving bryo-
phytes. 

Of the stand forming tree species, only Quercus robur, Fraxinus excelsior, Carpinus betulus and 
Tilia cordata occur over the entire range of the formation. The ranges of Quercus petraea and 
Acer campestre become more limited in the east. Fagus sylvatica plays an important role in the 
west and in the submontane belt in mixed stands. Deciduous tree species such as Acer pla-
tanoides, A. pseudoplatanus, Fraxinus excelsior and Ulmus spp. occur in the entire range particu-
larly in nutrient-rich habitats, at times contributing significantly to the mixture of tree species. In 
the south and in more extreme habitats, other Quercus and Acer species can also be involved in 
stand construction. Betula and Populus species only appear in certain successional, developmental 
and regeneration stages; in the north-east, however, the aspen becomes increasingly important 
also in mature stands. From the coniferous forests, spruce (Picea abies) in the north-east and sil-
ver fir (Abies alba) in the submontane belt of some Central European mountain ranges play a sig-
nificant role as mixed-in tree species. Pinus sylvestris, by contrast, occurs only in the poorest ex-
pressions, only in the east and only sparsely under natural conditions. Otherwise it is only present 
in stands more strongly influenced by forestry. 

Characteristic shrub species and lianas include Corylus avellana, Euonymus europaea, Daphne 
mezereum, Viburnum opulus, Crataegus monogyna, C. laevigata, Lonicera xylosteum and Hedera 
helix. Other shrub species differentiate geographic, thermophilous and moist formations, such as 
Lonicera periclymenum and Ilex aquifolium in the west, Euonymus verrucosa in the east, and Sor-
bus torminalis, Viburnum lantana, Ligustrum vulgare, Berberis vulgaris and Lonicera caprifolium 
in thermophilous or southern formations. 

In addition to the basic complement of species in the herb layer, numerous species of widely 
distributed meso- to eutraphent hemicryptophytes and geophytes (see below) are present. These 
can serve for the differentiation between geographic expressions (west to east, and north to south) 
as well as between sites at different elevations and on different sites (moist, dry, thermophilous; 
see section ‘Classification into subunits’). 
 
Position in the phytosociological system (syntaxa) 

From a phytosociological point of view, the oak-hornbeam forests represent a well characterised 
syntaxonomic unit. These communities, alongside the beech forests, count among the longest and 
best-studied forest communities in Europe. However, some questions still remain to be clarified 
regarding secondary typological phenomena and geographical formations. The core of this forma-
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tion consists of mesophilous and meso- to eutraphent, usually shade-loving or at least shade-
tolerant hemicryptophytes with a European and Eurasian-temperate distribution, particularly in 
suboceanic areas: Viola reichenbachiana, Polygonatum multiflorum, Lamium galeobdolon, Mil-
ium effusum, Anemone nemorosa, Campanula trachelium, Carex sylvatica, Pulmonaria obscura, 
P. officinalis, Scrophularia nodosa, Brachypodium sylvaticum, Vinca minor, Galium odoratum, 
Poa nemoralis, Paris quadrifolia, Sanicula europaea, Ranunculus ficaria, Adoxa moschatellina, 
Arum maculatum, and the following moisture indicators: Stachys sylvatica, Circaea lutetiana, 
Festuca gigantea, Impatiens noli-tangere, Athyrium filix-femina and Deschampsia cespitosa. 
From a syntaxonomical point of view these are mainly characteristic species of the order Fage-
talia and the class Querco-Fagetea. Prunus avium and Tilia cordata as well as the herbs Stellaria 
holostea, Ranunculus auricomus, Potentilla sterilis, Dactylis polygama, Festuca heterophylla, 
Melampyrum nemorosum, Carex umbrosa and species of the Galium sylvaticum group as well as 
Rosa arvensis are regarded as supraregional character species of the alliance (except for Carpinus 
betulus), while other taxa act as character species on a regional basis (for a further subclassifica-
tion, see section ‘Classification into subunits’). 
 
Habitats 

For the eastern Central European lowlands and hill country, especially in landscapes with a sub-
continental influence, oak-hornbeam forest is as characteristic as beech forest is for western, oce-
anic-suboceanic areas of Europe. Since the habitat requirements for both communities are similar 
to a large extent, wherever they occur together they exist in an ecologically balanced dynamic 
equilibrium. In transitional areas, the shade-tolerant Fagus sylvatica is competitively superior to 
the light-demanding oaks (and likely also hornbeam). In these areas, the oak-hornbeam forest is 
displaced to habitats where the beech can no longer reach its full competitive potential. Such habi-
tats include sites influenced by groundwater in the valleys and depressions, as well as benches that 
favour the development of the pedunculate oak-hornbeam or ash forests. Only where unfavour-
able climatic conditions severely impede or even displace Fagus sylvatica does the oak-hornbeam 
forest develop its full range of sociological and ecological expressions, as is the case in the sub-
continental areas of eastern Central Europe with warm summers. 

The typological development of oak-hornbeam forests and their role on the landscape differ com-
pletely depending on whether they appear as a zonal vegetation type or whether they merely rep-
resent persistent communities restricted to special microsites. 
 
Macroclimatic factors 

The climatic conditions in the optimal area of development of the oak-hornbeam forest can be 
illustrated with the help of several climate diagrams. (Figure 10). Overall they correspond to type 
VI of WALTER & LIETH (1967) and reveal the (cool) temperate, rainy and in general quite mild 
climate. A number of distinctive differences exist compared to climates of distinctly beech-
dominated regions: on the one hand, winter temperatures are somewhat lower (in January, ap-
proximately by a margin of about 1.5-3.0 °C), while on the other hand summer temperatures are 
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higher (in July for instance by about 1.0-2.5 °C). The average annual amplitude is thus larger, 
though failing to reach to reach the conventional 21 °C threshold for the continental climate type. 
The overall temperature during the vegetation period is higher, but the risk from late frost is sig-
nificantly greater. Precipitation is distributed uniformly over the whole year, but with a clear 
maximum in the summer, and the water balance is on average positive. Years with drought peri-
ods lasting some weeks in the spring or summer appear at irregular intervals, and such climatic 
conditions that are hostile to beech can favour the growth of oak-hornbeam forests. 
 

 
Figure 10: Climate diagrams of Brüssel (Brussels) (F34), Halle (F57) and Nemirove (F41) (based on Walter & 

Lieth 1967) 
 
Edaphic habitat conditions 

Where optimally developed, oak-hornbeam forest spans a wide range of soil and moisture condi-
tions. It can occur both on acid and weakly podzolic sandy soils, neutral loam and alluvial soils, as 
well as on weakly alkaline humus carbonate soils. In terms of nutrient status, the soils of oak-
hornbeam forests are mesotrophic to eutrophic. The soil can be dry to moist, shallow to deep, or 
influenced by groundwater; soil and humus type are correspondingly highly variable. 

The notion of an extremely wide ecological spectrum for oak-hornbeam forest is only correct in a 
supraregional context. Due to competition from other communities in the same areas, the real 
spectrum is locally quite restricted and depends on the overall habitat conditions prevailing in the 
area. Oak-hornbeam forest therefore occupies the best available mesic and moist forest locations, 
especially in areas in which beech forests do not naturally occur. It occupies a position between 
the oligo- to mesotraphent, acidophilous oak or pine-oak forests and the eutraphent, moist to wet 
lowland and flood plain forests. 
 
Role in shaping the landscape 

In its optimal area in eastern Central Europe, the oak-hornbeam forest, owing to its broad ecologi-
cal tolerance, comes into spatial contact with almost all other forest community types that occur in 
its area. This is illustrated quite vividly in a schematic ecogram for Poland (cf. MATUSZKIEWICZ 
1984, fig. 33, pp. 45). The oak-hornbeam forest is depicted here in the centre and is surrounded by 
the vegetation units to be expected in the area. Fluid transition zones occur between all of these 
communities. 

In its zonal distribution area the oak-hornbeam forest is characterised by its aggressive competi-
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tiveness that allows it to assert itself against other communities far across a broad habitat spec-
trum. There are several successional stages that ultimately lead to this vegetation type forming the 
climax community. The number of potential substitute communities within its zonal range is also 
remarkably large. 

In western Central and western Europe, oak-hornbeam forests reside on moist or dry microsites in 
areas of beech forest, whereas in south-eastern Central Europe and south-east Europe they form 
their own colline-submontane belt below the montane beech forests, often in contact with thermo-
philous oak forests. 
 
State of preservation, land use, substitute communities; nature conservation 

The potential habitat of oak-hornbeam forest counts among the most anthropogenically influenced 
and altered landscapes in Central Europe. The mostly fertile soils in these long and densely settled 
areas were put into agricultural use long ago. Semi-natural forest stands have remained only in a 
few forest domains, preserved merely as small patches of residual forests. Despite this, the poten-
tial oak-hornbeam forest landscape can usually be easily recognised by its characteristic traits that 
recur in the same combination in different areas. 

As a rule, this landscape today is highly productive arable farmland for wheat or root vegetables 
and with several high-value specialty crops such as plants used for fodder, oil or other industries. 
Vegetable and fruit gardens, frequently with the cultivation of larger fields, are very typical for 
this landscape. Permanently green agricultural land – in the form of multiply cut mesic to moist 
hay meadows and pastures, take up about 10-20 % of the agriculturally used land, especially on 
moister sites – since drier land can have unsure yields, especially in drought years. 

One of the marked characteristics of the cultural landscape within the realm of European oak-
hornbeam forests is the form and arrangement of habitats and settlements. Large, densely built 
church villages with spacious farms surrounded by orchards are typical.Stately homes and castles 
of large property owners with well-kept parks are also not rare, as are traditional agricultural in-
dustrial companies such as breweries and distilleries. Splendid avenues, planted with deciduous 
trees (oaks, limes, maples) are other features, as well as scattered forest parcels, field scrub and 
sloe thickets. However, their characteristic traits are becoming increasingly obscured and ho-
mogenised by the modern urbanisation of the landscape. 

Particularly in Central Europe, semi-natural stands of oak-hornbeam forests occur in small 
patches and are only rarely intact. Wherever this has not been done already, such areas need to be 
identified and established as strictly protected nature reserves. 
 
Classification into subunits 

The oak-hornbeam forest group is highly differentiated in floristic structure and has been syntax-
onomically categorised into several subunits. Already more than a hundred communities have 
been described, without having recorded the full variety of formations present. After beech for-
ests, oak-hornbeam forests represent another model for the multidimensional structuring and or-
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ganisation of a community group. Here too, principal ordination factors follow along regional, 
vertical and site-specific gradients. 

The differentiation of communities caused by habitat differences is most noticeable at a small 
scale with respect to the factors nutrient status, moisture and light-heat. The first two factors are 
correlated with each other: trophic status usually increases with increasing dampness of the habi-
tat, although this is not always the case, since nutrient-poor, acidic and moist sites also exist, as 
well as base-rich and at the same time rather ‘dry’ expressions. The ‘warm’ habitats remain re-
stricted to dry areas in general, but with respect to trophic status (and species richness) they can be 
either ‘poorly’ or ‘richly’ developed. 

The following formations can be distinguished as a rule according to their site characteristics, 
and have been accorded varying syntaxonomic ranks, including that of subassociation: 

a) The mesotraphent, acid-tolerant, usually species-poor oak-hornbeam forest related phy-
toecologically to the acidophilous oak forests (in the west) or mixed pine-oak forests (in the 
east). Sparse, mainly small-leaved herbs, grasses and even dwarf shrubs (sometimes also cer-
tain bryochamaephytes) play a significant role in determining its floristic composition. Sites 
are formed by oligotrophic, acidic, mostly coarse-grained brown earth, red earth, pseudogley 
and gleysol soils in the lowland to the submontane belt, sometimes also shallow ranker and 
other soils produced by weathering of base-poor silicate rocks. The humus is mostly of the 
anmoor or moder type. The soil water balance ranges from dry to moist or intermittently moist. 

b) The typical ‘mesic’ eutraphent, herb-rich oak-hornbeam forest on deep and groundwater-
removed, usually quite fine-grained and biologically active brown and para-brown earths with 
mull humus. Mostly sandier-loamy to loamy diluvial and periglacial sediments, loess-type ae-
olian deposits as well as aged, deep, weathered soils from base-rich rocks form the soil sub-
strate. This forest type is similar in its site ecology to floristically eutraphent lowland beech 
forests, so that in areas where the two come into contact transitional forms occur that compli-
cate the delimitation of the two communities. In certain areas (e.g. in north-eastern Central 
Europe), where some species known as ‘beech companions’ (Cardamine bulbifera, Festuca al-
tissima, Hordelymus europaeus etc.) occur outside the beech’s range of distribution, there are 
also oak-hornbeam phytocoenoses that can be described structurally as ‘beech forests without 
beech’. 

c) The ‘moist’ eutraphent and herb-rich oak-hornbeam forest on gleyed brown earth or true 
gleysols, occasionally also pseudogleys with mull-like humus type and a water budget deter-
mined both by precipitation and moving groundwater. In the upper horizons, the soil is also 
usually mesic to moist, only weakly acidic to neutral and contains ample nutrients. In the flo-
ristic composition, stately, demanding tall herbs predominate, including ferns and broadleaved 
grasses; some species are markedly nitrophilous. Included in the characteristic species combi-
nation of these communities are several hygrophilous forest plants encroaching from flood 
plain forests, which shows the ecological and syntaxonomical relationships of both community 
groups. A particularly close relationship exists between moist oak-hornbeam forests and the 
moister black alder-ash forests; the two are both typologically and spatially connected by con-
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tinuous intergradations. 

d) The geophyte-rich formation of the moist and mesic oak-hornbeam forest is particularly strik-
ing. It is widespread in the entire area of the community group and is characterised by the 
abundant occurrence of spring geophytes that develop their aspect-determining synusium in the 
spring, i.e. before leaf development in the tree layer is completed. The characteristic species 
here include Ranunculus ficaria, Allium ursinum, Gagea- and Corydalis-species, and in some 
regions Leucojum vernum. In mid-summer, after the geophytes have already concluded their 
above-ground life-cycle, the aspect is then characterised by hemicryptophytes, i.e. usually 
large-leaved tall herbs and ferns. This community is associated with highly nutrient-enriched 
and sometimes moist, though never swampy, habitats. Soils tend to be fine-grained alluvial 
flood plain soils of older, higher-lying terraces which are never or rarely flooded (and if so 
only temporarily). The soil reaction is mostly neutral in the upper, mull humus-rich strata, but 
in the deeper soil layers it is often slightly alkaline. Biologically, the soil is extremely active 
and highly productive. The geophyte-rich oak-hornbeam forest, which also varies regionally, 
passes both ecologically and floristically into Alno-Ulmion lowland and flood plain forests, es-
pecially to the association group of the ash-elm forests where ash tends to be the dominant 
species. 

The described classification of oak-hornbeam forests based on edaphically defined subunits re-
peats itself in most regional formations, so that in different areas site-analogous and vicariant 
communities characterised by the same or very similar species groups may occur. 

In flat, intermittently moist, poorly drained basins and hollows, a species-poor formation is 
found (particularly in mesotrophic areas), characterised by the often abundant occurrence of 
Carex brizoides (F38 p.p. and F56 p.p.). The soil is superficially gleyed by standing rainwater, 
and is acidified to varying extents by the accumulation of moder humus. The community belongs 
to the ‘moist’ group and is scattered in small patches over the entire eastern range of the oak-
hornbeam forest. Syntaxonomically and in terms of their role on the landscape, these types pass 
into moist formations of acidophilous oak or pine oak forests. 

Thermophilous expressions of oak-hornbeam forest with light- and warmth-requiring species, by 
contrast, are determined by the microclimate, and occur mainly on south-facing, dry slopes, pref-
erably in colline-submontane locations. The soil is usually shallow, skeletal and never particularly 
acidic, although it need not always be carbonate-containing. In the typically somewhat open can-
opy layer, Quercus petraea dominates as a rule, with an understorey of Acer campestre, Tilia cor-
data and Sorbus torminalis. In the well-developed shrub layer, Corylus avellana, Rhamnus, Cor-
nus, Crataegus spp. and sometimes Ligustrum vulgare are usually present. Communities of this 
group that deviate floristically depending on location represent gradual transitions from the oak-
hornbeam forests to the thermophilous oak forests of the order Quercetalia pubescenti-petraeae 
(F52, F53, F59, F64). 

In addition to the above mentioned habitats that recur in various formations over the entire range, 
there are also several regionally and vertically distributed units. 
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Compared to the large edaphically defined variability of the oak-hornbeam forests, that of the 
altitudinal forms is comparatively small. The vertical distribution area of these communities 
extends only from the lowlands to the submontane belt, where they can still maintain a dynamic 
ecological dominance over beech forests. This submontane belt starts in Central Europe at about 
300 m a.s.l. and extends to about 700 m a.s.l. in the south. The corresponding altitudinal forms as 
a rule intergrade into the beech forests that extend above them. The two types are differentiated by 
montane plants such as Senecio ovatus, Sambucus racemosa, Prenanthes purpurea and Polygo-
natum verticillatum, and the regular admixture of Fagus sylvatica, as well as Abies alba and Picea 
abies in places (F42b, F56). 

The colline forms cannot be so easily separated from their lowland counterparts. The two oak 
species are sometimes used to delimit the borders between the two types, as has been done in the 
legend in that the primarily colline-submontane sessile oak-hornbeam forests are placed across 
from the pedunculate oak-dominated lowland forest. This only applies to certain areas, especially 
for western Central European landscapes, and can be explained here more by habitat-ecological 
than altitudinal-climatic factors. Under Atlantic to sub-Atlantic climatic conditions, the beech, and 
therefore also beech forest, already dominates in the lowland belt over oak-hornbeam forest on 
intermediate sites, so that the latter is displaced on to groundwater affected valleys and lowlands 
that are hostile to beech; such habitats are accessible for the pedunculate, but not the sessile oak. 
In subcontinental mid-Central and eastern Central Europe, the distinction is no longer as clear and 
the sessile oak appears in both altitudinal forms, though not always to the same extent. Even fur-
ther east (north-eastern Poland, Belarus, Ukraine) the pedunculate oak is the only oak species in 
the area and appears within all altitudinal forms of the oak-hornbeam forest as the community-
determining tree species. It is not necessarily appropriate to state, however, that delimitation of 
lowland from montane community forms might not be possible due to this. The floristically dis-
tinguishing characteristics for each form require further investigation. 

Because of the very vast area it covers, the oak-hornbeam forest can also be geographically very 
variable, and several area associations and geographic races can be distinguished. The broadly 
defined ‘Querceto-Carpinetum medioeuropaeum’ of R. TÜXEN (1937) and some older authors 
encompassed all formations in the temperate zone from France to the eastern border of the oak-
hornbeam forests near Kiev and the Caucasus. E. OBERDORFER (1957) correctly recognised the 
unhandiness of this definition and convincingly advocated the view that Central European oak-
hornbeam forests represent a group of vicarious area associations (and their races). The units pro-
posed by OBERDORFER (1957) and NOIRFALISE (1968) (which had initially been given the rank of 
a suballiance) are as follows: 

– Endymio-Carpinetum: Atlantic, in western Europe (southern England, northern France, Bel-
gium, Netherlands) (F34); 

– Stellario-Carpinetum: Sub-Atlantic, in rainy and cool summer areas of the north-western 
Central European lowlands (F35-F39, in part also F45); 

– Galio sylvatici-Carpinetum: moderately continental, in warm summer and dry summer ar-
eas of the south-west and central parts of Central Europe (F50-F58); 
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– Tilio-Carpinetum: subcontinental in the eastern part of Central Europe and in south-east 
Europe (F40-F44, F61, F62). 

This proposal was then further developed, primarily by Czech and Polish authors. We refer here 
to two independently produced, but largely analogous synthetic reviews (NEUHÄUSL 1981; W. & 
A. MATUSZKIEWICZ 1985). 

In this case, the regional classification of the units is mainly climatically determined and follows the oceanity/continentality 
gradient from west to east. A convincing example is provided by the map of continentality indices published by DEGÓRSKI 

(1985) for the Central European lowlands and hill country. Based on over 200 area tables of typical expressions of Carpine-
tum communities from northern France to eastern Poland, the continentality values (K-Index) of ELLENBERG et al. (1992) 
were calculated, cartographically interpolated and presented for these localities. The gradual increase in continentality to-
wards the east, expressed by changes in floristic structure of the oak-hornbeam forests, can be clearly seen here. 

The oak-hornbeam forests of the Illyrian-Balkan, sub-Pannonic and western Euxinian areas repre-
sent a formation that clearly deviates from the Central European group. These communities owe 
some of their special status to the clearly more favourable warm-temperate climate. However, 
most is owed to the special dynamic-genetic evolution of the flora and vegetation in these areas. 
Without having been disturbed significantly by the Pleistocene glaciation, the flora there, unlike 
in Central Europe, was able to develop directly from the Arcto-Tertiary flora and is as a result 
significantly more enriched in species and forms. In addition, the ecological and sociological in-
terrelationships of the plant species to each other and to their habitats allowed them to more finely 
adapt over time. The phytosociological relationships are therefore far more complicated than they 
are in Central Europe. 

From a floristic point of view, the ‘Illyrian’ association group (mapping units F65, F66) is distin-
guished from the ”Central European” by a substantial block of geographical differential species. 
HORVAT (1958) named the following (listed in order of decreasing constancy):  

Epimedium alpinum, Erythronium dens-canis, Helleborus dumetorum subsp. atrorubens, Knautia 
drymeia, Cyclamen purpurascens, Acer tataricum, Staphylea pinnata, Lonicera caprifolium, Hel-
leborus odorus, Vicia oroboides, Lamium orvala, Hacquetia epipactis, Cruciata glabra, Primula 
acaulis, Quercus cerris, Galanthus nivalis, Tamus communis and Eranthis hyemalis. Most of 
these species do not occur at all in Central Europe, while a few are rare and found only in certain 
areas. The floristic differences are so great that a separate alliance ‘Carpinion illyricum’ was even 
considered. However, the most recent, still incomplete studies allow us to assume that a regional 
association group is more than adequate. 

The Illyrian oak-hornbeam forests are floristically highly variable and can be subcategorised into 
several syntaxonomic units, which unlike the eastern Central European units are determined pri-
marily by edaphic, not macroclimatic or geographic factors. The differentiating factors might in 
this case be the water budget and the trophic status of the soil.  

The phytosociological research of these communities is still considerably behind that of Central 
Europe. We are indebted to HORVAT, GLAVAČ & ELLENBERG (1974) for a valuable, comprehen-
sive supraregional and synthetic overview. According to their interpretation, the Illyrian oak-
hornbeam forests can first be subcategorised into two large, syndynamically unequal groups: 
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a) Sessile oak-hornbeam forests: climatic-zonal communities of ‘median’ mesic habitats in the 
lowland-colline to submontane belt (termed an aggregate association Querco petraeae-
Carpinetum illyricum) (F59, F60, especially F65 and F66); 

b) Pedunculate oak-hornbeam forests: azonal, floodplain-forest-like communities of moist, 
groundwater-influenced, though currently rarely flooded habitats (Querco roboris-Carpinetum 
illyricum according to HORVAT, GLAVAČ & ELLENBERG (1974), probably synonymous with the 
Querco roboris-Carpinetum of Hungarian authors) (F46, F47, F48, F49). 

The use of oaks as differential species for the delimitation of both groups is much more feasible 
here than it is in Central Europe. 

The sessile oak-hornbeam forests can be subdivided into the following syntaxa, which have been 
accorded the rank of subassociations or full associations, corresponding to the degree of soil acid-
ity: 

1. Staphyleo-Carpinetum illyricum: on calcareous loam soils; 
2. Carici pilosae-Carpinetum illyricum: on neutral to weakly acidic soils; 
3. Erythronio-Carpinetum illyricum: on relatively highly acidic soils (F65). 
4. Rusco-Carpinetum illyricum: a presumably climatically conditioned regional community of 

low precipitation areas (F66) 

The extent to which communities indicated as Querco-Carpinetum moesiacum (‘serbicum’) from 
eastern Serbia, northern Bulgaria and other Danube countries (F67, F68, F69) should also be 
counted amongst the group of the Illyrian oak-hornbeam forests, or whether they should be con-
sidered as an independent regional association group, cannot be decided at this point in time with 
certainty. 

The syntaxonomic position of the oak-hornbeam forests of the Podolian-Moldavian region is still 
unclear due to the lack of sufficiently and uniformly distributed vegetation records or properly 
processed local/regional tables. The communities that became known from west Podolia as 
Querco-Carpinetum podolicum described by SZAFER (1935) can be easily assigned to the subcon-
tinental small-leaved lime-oak-hornbeam forest (Tilio-Carpinetum) of eastern Central Europe, and 
specifically to its regional Wolynian race that also appears in south-eastern Poland. The extent to 
which this race extends to the east and south-east remains unknown at this time. It is very prob-
able that the diagnosis of a Wolynian race (from a Polish perspective) only corresponds to a fringe 
development of the community that otherwise occurs in the southern Ukrainian, Moldovan and 
adjacent Romanian landscapes (F44). The occurrence of several oaks is characteristic (certain 
segregate taxa such as Quercus dalechampii, Q. polycarpa etc. in addition to the two well-known 
species); Tilia tomentosa, Viburnum lantana and some Balkan herbs might be considered here as 
further differential species. It can be suspected that this community might represent an independ-
ent area association or even a regional association group, typologically intermediate between the 
Central European and Illyric-Balkan oak-hornbeam forests. Specific investigations are certainly 
needed and should provide some promising results (cf. F63, F64). 

The above outline of a structurally and phytogeographically based classification of the oak-
hornbeam forests is only partially consistent with the necessarily somewhat schematic nature of 
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our map legend. In particular, the separation into two main groups according to the two oak spe-
cies can scarcely be interpreted as strictly reflecting the vertical distribution of the communities. 
For example, there are both lowland sessile oak as well as colline-submontane pedunculate oak 
forests. Rather, edaphic, climatic and, last but not least, historical factors seem to determine the 
separation. 
 
F.3.1 Lowland-colline (to submontane) pedunculate oak-hornbeam forests (Carpinus betu-

lus, Quercus robur, Fraxinus excelsior, in part Quercus petraea, Tilia cordata) 

Under F.3.1 are placed all communities where in addition to hornbeam the pedunculate oak occurs 
as a stand forming tree species, while the sessile oak is for various reasons more or less com-
pletely absent. In the Atlantic to sub-Atlantic area of western Europe, this is usually edaphically 
mediated, primarily by the water budget (F34-F36). This also seems to be the case in suboceanic 
landscapes of Central Europe (F37-F39). In the subcontinental eastern part of Central Europe, the 
sessile oak is absent for historical and phytogeographical reasons; here, the pedunculate oak-
hornbeam forest is the only form represented, irrespective of the water balance of the soil (F40-
F43; probably also F44 in part). The same applies to some areas of the Pannonic, Transsylvanian 
and northern Bulgarian area, where the sessile oak also no longer occurs (F46-F48). In its sub-
Mediterranean southern European range, the oak-hornbeam forest increasingly assumes the char-
acter of a flood plain forest; here, only the pedunculate oak participates in stand formation for 
edaphic-ecological reasons (F45, F49). 
 
F.3.2 (Lowland) colline-submontane sessile oak-hornbeam forest (Carpinus betulus, Quer-

cus petraea, Tilia cordata), partly with Quercus robur, Fagus sylvatica, Quercus dale-
champii, Q. pubescens, Q. polycarpa, Tilia tomentosa 

The group F.3.2 contains communities in which the sessile oak plays an important role, although 
the pedunculate oak may also be present occasionally. These communities do not occur in mark-
edly oceanic areas, appearing first in sub-Atlantic Central Europe, and then on groundwater-
removed, usually somewhat warmer habitats. The frequent participation of beech as a companion 
tree species (F50-F52, F55, F56) is also characteristic. Further east, the role of the beech de-
creases to the benefit of the small-leaved lime (F57-F60) and is only important there in markedly 
submontane formations (F61, F62). In the south-eastern range of the Central European sessile 
oak-hornbeam forests, the beech is absent, and instead a number of microspecies of the sessile oak 
complex appear, i.e. Quercus dalechampii and Q. polycarpa, as well as occasionally Tilia tomen-
tosa (F63, F64). In the Illyrian-Balkan area, the sessile oak-hornbeam forest (if at all present) is 
represented by unique formations that differ from those of Central Europe. The communities of 
the most south-eastern Moesian-Euxinian areas also represent their own group. With several oak 
species (e.g. Quercus frainetto), Tilia tomentosa and occasionally even Carpinus orientalis, 
Fagus sylvatica subsp. orientalis and Daphne pontica, they assume a Euxinian-Oriental and rather 
relictual nature (F68, F69). These forests approach Caucasian mixed oak-hornbeam forests in 
floristics and typology (formation F.7, especially F.7.1). The special status of these sessile oak-
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hornbeam forest formations is probably not just climatically mediated, but may be attributable 
largely to historical causes. 
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F.4 Lime-pedunculate oak forests (Quercus robur, Tilia cordata, sometimes 
with Acer platanoides, A. campestre, Ulmus glabra) 

Galina N. Ogureeva, with contributions by Pavel L. Gorčakovskij & Udo Bohn 

Characterisation and typological delimitation; geographical distribution  

The east European small-leaved lime-pedunculate oak forests extend as zonal vegetation from the 
Baltic and Dnieper in the west to the western slopes of the Southern Urals (22˚ to 59˚ E, see Map 
9 and the general map). They form an almost continuous belt 250 to 500 km wide between the 
Dnieper and the Southern Urals and cover a considerable part of the southern Russian lowlands. 
The north-south distribution ranges between 49˚ and 59˚ N. To the north it verges on the zone of 
the hemiboreal mixed broadleaved-coniferous forests (Formation D.3), in which mixed lime-oak 
forests still penetrate as small islands. To the south they interdigitate with forest steppes (Forma-
tion L) and also appear as islands especially along the Volga within the steppe zone (Formation 
M). In the west they border on oak-hornbeam forests (Formation F.3) and acidic oak forests (F.1) 
as zonal vegetation. In the steppe zone, mixed broadleaved forests establish only in river valleys, 
on shaded valley and ravine slopes, as well as on higher elevations. 

The east European summer-green broadleaved forests are distinguished from the Central Euro-
pean and sub-Mediterranean broadleaved forests by their simpler structure and their reduced spe-
cies diversity. As beech, sessile oak, sycamore and hornbeam are naturally absent from eastern 
Europe, fewer tree species are involved in the construction of the canopy, and the community-
forming roles of individual species are accentuated. The range of Quercus robur as a main tree 
species of mixed broadleaved forests in the Russian lowlands extends in the north almost to the 
middle taiga and in the south to the steppe zone. Tilia cordata is also widespread as a frost-
resistant tree in the Russian lowlands, and its range thins out towards the east where it crosses the 
Urals. Because of the continental climate in the foothills of the Urals it is the main tree species 
there. Ulmus glabra, U. laevis and Acer platanoides are more or less continuously distributed up 
to the Urals and regularly participate as mixed tree species in the deciduous forests. However, the 
range of Fraxinus excelsior only just reaches the Volga, although in the north it extends to the 
hemiboreal zone and in the south to the steppe zone. The ash avoids base-deficient soils and fa-
vours moist, nutrient-rich soils in the flood plains of rivers and streams. 
 
Stand structure and physiognomy; floristic composition 

The stand structure of the small-leaved lime-pedunculate oak forests is quite polymorphous owing 
to their wide distribution and the broad range of sites that they occupy. Two forest types with dif-
ferent community structures can be differentiated according to their light requirements and the 
translucence of the stand-forming deciduous tree species: ‘bright’ deciduous forests with domi-
nant oak and ash, and ‘dark’ broadleaved forests with dominant lime (Tilia cordata), Norway 
maple (Acer platanoides) and elms (Ulmus glabra). B r i g h t  broadleaved f o r e s t s  are char-
acterised by a well-developed shrub layer and a species-rich herb layer, while d a r k  broad-
leaved f o r e s t s  usually do not feature any shrub layer and have only a species-poor herb layer. 
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As a rule, 5-7 layers can be differentiated in the broadleaved forests. Mixed stands of different 
tree species are found particularly in optimal edaphic and climatic situations of deciduous forests. 
However, in ecological borderline areas, single tree species achieve dominance and pure stands of 
either oak or lime tend to form. 

The shrub layer contains numerous species which can in turn develop sub-layers. Very shady 
broadleaved forests, however, contain almost no shrub layer. The shrub layer has an important 
ecological function in deciduous forests since it prevents the drying out of the soils, improves the 
soil structure and increases soil fertility. On mountain slopes, such shrubs are also important for 
the protection of the soil against erosion. The shrub layer consists primarily of typical European-
nemoral deciduous tree species: Corylus avellana, Euonymus europaea, E. verrucosa, Lonicera 
xylosteum, Viburnum opulus, Daphne mezereum. Acer tataricum and photophilous shrubs play an 
important role in oak forests to the south. Steppe shrubs such as Caragana frutex, Lonicera 
tatarica and Prunus fruticosa occur in open oak forests at the southern distribution limit that bor-
ders on the steppe zone. 

The herb layer consists of representatives of various ecological and phytogeographical species 
groups. The most widespread and species-rich is represented by the group of mesophilous Euro-
pean and Euro-Asiatic species (Aegopodium podagraria, Galium odoratum, Lamium galeobdo-
lon, Stellaria holostea, Mercurialis perennis, Asarum europaeum, Carex pilosa, Viola mirabilis, 
Lathyrus vernus, Campanula trachelium, C. latifolia, Polygonatum multiflorum, Pulmonaria ob-
scura amongst others) which are characterised by long growth periods. In the northern part of the 
broadleaved forest region, the importance of shade-tolerant north temperate-boreal species in-
creases (e.g. Oxalis acetosella, Maianthemum bifolium, Trientalis europaea, Pyrola rotundifolia, 
Melica nutans, Luzula pilosa); in the south, sub-Mediterranean species also occur. In addition to 
dicotyledons, the herb layer also contains nemoral sedges (Carex pilosa, C. sylvatica) and grasses 
(Milium effusum, Festuca gigantea, Brachypodium sylvaticum, Poa nemoralis) which are some-
times distributed far to the north in the boreal zone. Photophilous grasses such as Brachypodium 
pinnatum and Calamagrostis arundinacea as well as xerophytic grasses occur on dry southern 
slopes. Ferns such as Dryopteris filix-mas, Athyrium filix-femina and Matteuccia struthiopteris 
prefer to colonise wet sites. 

The herb layer consists mainly of species adapted to the sparse light conditions prevailing under 
the leaf canopy after the leaves have unfolded. A special case is provided by the eutrophic meso-
philous geophytes which have a very short generative stage that occurs in the short period of 
spring before the leaves of the trees unfold. These plants appear immediately after snow-melt and 
end their flowering phases very early on in the year. Spring geophytes occur particularly on nutri-
ent-rich, moist forest soils providing the distinctive aspect, and are rare on dry and poor soils. 
Typical representatives include Anemone nemorosa, A. ranunculoides, Adoxa moschatellina, 
Ranunculus ficaria, Gagea lutea, Corydalis cava, C. cava subsp. marschalliana, C. solida, Car-
damine bulbifera amongst others. 

A moss layer is missing or develops only in patches. Mosses grow preferably on naked, moist soil 
surfaces, on tree stumps and at the bases of trees. Epiphytic mosses on the other hand are quite 
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common and numerous. The most important representatives include Plagiomnium cuspidatum, P. 
rostratum, P. affine, Brachythecium velutinum, B. salebrosum, B. rutabulum, Atrichum undulatum 
as well as species of the genera Eurhynchium and Thuidium. 
. 
Vegetation history, phytogeography 

The current floristic composition and structure of the lime-oak forests developed for the most part 
in the middle Holocene (8000 to 2500 BP). The deciduous forests of the Russian lowlands arose 
primarily from south-east Europe, the eastern Carpathian Mountains and the Podolian upland as a 
result of species migration. Because of increasing climatic continentality, the European nemoral 
species thin out towards the east, and only a small proportion of these species reaches the western 
slopes of the Urals. 

The phytogeographical spectrum of the flora of east European deciduous forests between the Car-
pathian Mountains and the Urals varies according to region. Overall, species of the Middle Euro-
pean1 floristic region (approx. 30 %) tend to predominate, while the proportion of sub-
Mediterranean and boreal species is smaller by far (11 % and 10 %, respectively), while Eurasian 
and south Siberian species represent only 7 % and 6 % of the total species number, respectively 
(SMIRNOVA 1994, WALTER 1974). 

The participation of Central European species is restricted largely to western areas. The Volga 
represents an important phytogeographical boundary, close to which many Central European 
nemoral species disappear. Thus, the ash is an important mixed tree species in the area of the Cen-
tral Russian upland and just reaches the Volga on western and northern slopes. In addition, many 
other woody plants and herbs have their eastern distribution limit at the Volga or even to the west 
of that: Acer campestre, Ulmus minor, Cornus sanguinea, Lamium galeobdolon, Vicia cassubica, 
Pulmonaria angustifolia. On the other hand, south Siberian forest species sometimes cross the 
Volga to the west and even reach the Central Russian upland (Pulmonaria dacica, Carex pedi-
formis subsp. rhizodes, Cimicifuga europaea, Bupleurum longifolium subsp. aureum, Crepis si-
birica, Arabis pendula). In the broadleaved forests of the Southern Urals and its foothills, nemoral 
endemic species such as Lathyrus litvinovii, Knautia tatarica and Cicerbita uralensis as well as 
south Siberian species such as Pleurospermum uralense occur (GORČAKOVSKIJ 1968). Ranunculus 
cassubicus, Pulmonaria angustifolia, Omphalodes scorpioides, Corydalis cava subsp. marschal-
liana and Viola tanaitica are typical Sarmatian species with their main ranges in the area of the 
eastern European mixed deciduous broadleaved forests. 

The floristic variety of the lime-oak forests increases from north to south and from east to west. The central Russian mixed 
lime forests near Tula (Tulskije Zasseki) contain for example 127 vascular plant species, the pre-Volgian lime forests be-
tween Zigulevsk and Saratov contain 103 species, the pre-Uralian lime-oak forests have 100 species while the lime forests in 
the western foothills of the Southern Urals feature only 82 species (SMIRNOVA 1994). 

 

                                                            
1 For a definition of Middle Europe: see chapter 2.3, section ‘Floristic regions of Europe’ and chapter 5.4.1. 
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Position in the phytosociological system (syntaxa) 

Because of their species composition, the east European small-leaved lime-pedunculate oak for-
ests belong without a doubt to the class Querco-Fagetea, and more specifically within that to the 
order Fagetalia sylvaticae. The alliance Querco roboris-Tilion cordatae Solomeshch et Laivins in 
Solomeshch et al. 1993 was established for the species-rich mixed broadleaved forests of the Bal-
tic States and Russia (F70-F72), while the alliance Aconito septentrionalis-Tilion cordatae 
Solomeshch et al. 1993 was created for the Southern Urals (F73, F74). A final designation of the 
associations and alliances as well as their synsystematic organisation still awaits a more extensive 
tabular assessment and a comparative statistical evaluation. 
 
Macroclimatic factors 

The distribution of small-leaved lime-pedunculate oak forests is closely bound to a temperate cli-
mate with a subcontinental accent (climate type VI-VIII and VI-VII according to WALTER et al. 
1975). The development of mesophilous broadleaved forests is dependent on adequate precipita-
tion during the growth period. Within the range of the east European deciduous forests a climatic 
gradient also exists whereby the continental climatic character increases clearly from west to east 
and from north to south. 

In the north, the distribution limit of pure broadleaved forests is determined by low average an-
nual and winter temperatures, conditions which lessen the competitiveness over conifers. The low 
precipitation during the growing season is the limiting factor in the south of the Russian lowlands. 
At the tree line in the mountains (Urals), broadleaved trees are also inhibited from growing by 
strong and frequent winds. 
 
Site conditions  

The east European lime-pedunculate oak forests are restricted mainly to mesic and nutrient-rich 
soils and preferably humus-rich, well aerated loams. They occur mostly on light grey to dark grey 
or brown forest soils, avoid sandy substrates and are absent from oligotrophic sites. At the limits 
of their ecological spectrum they also colonise leached black earths, podzolic mountain soils, red 
earths and gley soils as well as shallow limestone soils and even weakly saline soils. The soil pro-
file under these broadleaved forests is usually well developed and deep. 

Forest stands dominated by oaks are encountered mostly on dry, nutrient-poor soils, whereas 
mixed ash forests thrive above all on nutrient-rich and moist soils. The broadleaved forests in the 
trans-Volgian upland often occur on skeletal-rich, shallow grey forest soils and on rendzinas, 
while in the mountains they also occur on rock rubble soils with a smaller proportion of fine earth. 
 
Role in structuring the landscape, accompanying vegetation 

Small-leaved lime-pedunculate oak forests play an important role in protecting against erosion 
and maintaining the water balance. They prevent soil leaching, protect rivers and reservoirs from 
silt deposition, and regulate the water balance. With an annual transpiration rate of 300 to 600 mm 
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they also contribute considerably to the water cycle in the Russian lowlands. They weaken the 
negative effects of dry winds and moderate temperature extremes. 

In the Central Russian and the pre-Volgian uplands, pure pine forests and lime-oak-pine forests 
occur as adjacent communities on fluvial sand sediments. 
 
State of preservation, land use, substitute communities; nature conservation 

As a result of human interference the initial broadleaved forest stands have been severely reduced 
and the structure of the communities has been altered quite clearly. Forest clearance has led to 
isolated woodland islands and a disruption of equilibrium. Today, agricultural areas, settlements 
and other forms of human utilisation prevail in many areas. The consequences of this thousand 
year long usage include: negative changes in the water balance, loss of soil fertility, a reduction of 
biological productivity, and a decline of species diversity. 

At the present time the forest coverage is approximately 10-15 % of the natural range of closed 
deciduous forests, and in the area of forest steppes it amounts to about 10-12 %. 

Semi-natural stands of the east European lime-oak forests are protected in Russia in numerous 
nature reserves (NR) and national parks (NP) (see data sheets for the mapping units). The largest 
broadleaved forest stands remaining are preserved in the catchment area of the Oka River between 
Tula and Rjazan (Tulskije Zasseki: ash-maple-lime forests, herb-rich maple-lime and sedge-
poplar-lime forests), as well as in the northern part of the pre-Volgian uplands and in the pre-
Kama lowlands (pre-Volgian uplands: mixed oak forests with Fraxinus excelsior, Acer pla-
tanoides, Ulmus spp., Tilia cordata, Corylus avellana, Rubus caesius as well as Carex spp., Ae-
gopodium podagraria, Urtica dioica in the herb layer). Oak forests are encountered in the central 
part of the forest steppes (e.g. Šipovles south-east of Voronezh and in the trans-Volgian forest 
steppe. Small stands of oak shrub wood are widespread in broad valleys and on ravine slopes at 
the northern parts of the steppes. 
 
Regional classification and characterisation of the small-leaved lime-pedunculate oak forests 

Within the belt of the east European small-leaved lime-pedunculate oak forests, two sub-zones 
can be distinguished: the northern mixed broadleaved forests with a minor admixture of spruce 
(Picea abies) and the southern mixed broadleaved forests without any spruce. In the sequence 
from west to east, the Volga forms an important phytogeographical boundary. The eastern limits 
of many Central European tree species such as Fraxinus excelsior, Acer campestre, Pyrus com-
munis and Ulmus minor run to the west of or along the Volga. The ranges of many nemoral shrubs 
(e.g. Sambucus nigra, Berberis vulgaris, Euonymus europaea, Cornus sanguinea, Rosa canina) 
and many typical herb species of Central European deciduous forests do not or only just reach the 
Volga: e.g. Lamium galeobdolon, Bromus benekenii, Cardamine bulbifera, Anemone nemorosa, 
Lathraea squamaria. On the other hand south Siberian species such as Crepis sibirica, Pulmon-
aria dacica, Carex pediformis subsp rhizodes spread from the east over the Volga to the Central 
Russian upland. 
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The broadleaved forests of the pre-Volgian upland (immediately to the west of the Volga) are 
already extremely impoverished in Central European nemoral species, but in their place there are 
still elements of the sub-Mediterranean floristic region (Laser trilobum, Melica picta). The flora 
of the southern oak forests is complemented here with south Siberian species (Bupleurum longi-
folium subsp. aureum, Carex macroura, Geranium pseudosibiricum) as well as steppe plants 
(Coronilla varia, Filipendula vulgaris). 

The broadleaved forests of the trans-Volgian region (east of the Volga) lack even more Central 
European nemoral species; they are however enriched with other south Siberian species (Cornus 
alba, Crataegus sanguinea, Lonicera tatarica), as well as by south Siberian steppe shrubs 
(Prunus tenella, Caragana frutex, Spiraea crenata). The broadleaved forests of the Southern 
Urals and its western foothills in turn feature their own species composition. Uralian nemoral en-
demics (Lathyrus litvinovii, Knautia tatarica, Cicerbita uralensis) and species with isolated out-
posts in the Crimea and the Caucasus (Scutellaria altissima) occur here in addition to Eurasian 
boreal species. 

With the broadleaved forests, two main types can be distinguished according to their dominant 
tree species: oak and mixed oak forests as well as lime forests. Forests dominated by pedunculate 
oak occur particularly at the southern boundary of the broadleaved forest zone within the forest 
steppe as well as in steppe zones on steep slopes and in ravines, whereas lime forests prefer to 
establish on flatter locations. Usually, deciduous forests with dominant lime are distributed in the 
trans-Volgian hilly country and the western foothills of the Southern Urals. 

The mixed small-leaved lime-pedunculate oak forests are subclassified according to ecological-
phytogeographical aspects from west to east, north to south as well as the altitudinal belts they 
occupy. 
 
F.4.1 Lowland-colline types 

Northern central Russian and pre-Volgian small-leaved lime-pedunculate oak forests (F70) 

The main distribution area of these mixed lime-oak forests (corresponding to F70) is in the north-
ern part of the Central Russian and the pre-Volgian uplands where there are also isolated western 
outposts in the Baltic. East of the Volga, the forests occupy a small area in the region between the 
Volga and the Kama. A minor admixture of spruce (Picea abies) in the tree layer is characteristic. 
Deciduous forests with additions of spruce are restricted to more base-poor grey forest soils and 
podzolic soils. Mixed lime-pedunculate oak forests with varying participation of Ulmus glabra, 
Acer platanoides and/or Populus tremula (and more rarely also of Fraxinus excelsior) predomi-
nate within the unit. Lonicera xylosteum, Euonymus verrucosa, Corylus avellana are characteristic 
components of the shrub layer. Aegopodium podagraria dominates in the herb layer of stands on 
the lower slopes which are well supplied with nutrients, while Carex pilosa gains in significance 
at the upper slopes. 

Depending on nutrient and water balance, various subtypes can develop: lime forests with typical 
nemoral species in the shrub and herb layers are characteristic for the Zhiguli Hills and other up-
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lands; lime forests along streams also feature hygrophilous woody plants, herbs and ferns such as 
Prunus padus, Frangula alnus, Viburnum opulus, Stachys sylvatica, Geum rivale, Filipendula 
ulmaria, Athyrium filix-femina and Matteuccia struthiopteris. Ash-lime forests with Norway ma-
ple remain restricted to base-rich soils with an adequate water supply. In their lower tree and 
shrub layers Acer campestre, Corylus avellana and Lonicera xylosteum occur, while in the herb 
layer Aegopodium podagraria, Lamium galeobdolon, Ranunculus cassubicus and spring geo-
phytes play an important role. 
 
Southern central Russian and pre-Volgian small-leaved lime-pedunculate oak forests (F71) 

The range of these mixed lime-pedunculate oak forests extends from the southern part of the Cen-
tral Russian upland as far as the Desna-Dnieper lowland, and also includes the west of the Vol-
gian upland (up to 320 m above sea level) and the Oka-Don Lowland. 

The southernmost isolated occurrences of these forests appear in the forest steppe and steppe 
zones. They grow on grey and dark grey forest soils, while in the forest steppe zones they colonise 
leached and degraded black earths. Oak-dominated forest communities predominate. The partici-
pation of Fraxinus excelsior in the canopy and the admixture of Ulmus glabra, U. minor, Acer 
platanoides and A. campestre in the lower tree layer are characteristic features of these forests. 
Euonymus verrucosa, E. europaea, Corylus avellana and Lonicera xylosteum form the shrub 
layer. In the herb layer, Lamium galeobdolon is widespread. Oak forests with Acer campestre or 
A. tataricum dominate in the forest steppe and steppe regions. The eastern distribution limit of 
Acer campestre runs through the Don basin and along the Chop’or River. 
 
Mixed oak forests of the southern pre-Volgian upland (F72 p.p.) 

The occurrences of these forests are restricted to the southern part of the pre-Volgian hills and 
upland. They are scattered as islands in pine forests, meadow steppes and true steppes. Grass and 
sedge-rich oak forests with Brachypodium pinnatum, Poa angustifolia, Calamagrostis arundina-
cea, Carex montana and C. supina dominate as well as open pine-oak woods with steppe plants 
(Seseli intermedium, Phlomis tuberosa, Filipendula vulgaris). Four habitat types are characteristic 
for the mixed oak forests in the forest steppe and northern steppe zones: 

a) Mixed oak forests on steep banks of rivers and on mountain ridges; 

b) Mixed oak forests in flood plains. Here mixtures of Ulmus laevis and Alnus glutinosa in the 
tree layer and dominant ferns (Dryopteris filix-mas, Athyrium filix-femina, Matteuccia 
struthiopteris) and other hygrophilous perennials in the herb layer are characteristic. 

c) Mixed broadleaved forests at slopes of valleys and ravines in steppe regions (designated as 
‘Bairak’ = shrub wood, scrub) grow on degraded and leached black earths. The forest stands 
are frequently low-growing and dense. They contain Acer tataricum, A. platanoides, Malus 
sylvestris and Ulmus glabra as well as Ligustrum vulgare, Rhamnus cathartica, Euonymus ver-
rucosa, Crataegus monogyna and sometimes Cornus sanguinea as shrub undergrowth. On 
northern slopes Convallaria majalis, Stellaria holostea and Melica picta prevail in the herb 
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layer, while on southern slopes Dactylis glomerata and Poa angustifolia predominate. There 
occur also open oak woods with a herb layer dominated by steppe species such as Festuca 
valesiaca, Koeleria macrantha, Stipa pennata, S. lessingiana.  

d) Mixed oak forests with pine (Pinus sylvestris) establish on nutrient-poor sandy soils on old 
flood plain terraces and often stand in close contact with pine forests. Typical for these acidic 
mixed oak forests is the participation of Betula pendula and Sorbus aucuparia in the tree layer, 
Genista tinctoria and Chamaecytisus ruthenicus in the shrub layer, and the dominance of 
Pteridium aquilinum in the herb layer. 

 
South-east Sarmatian (trans-Volgian) small-leaved lime-pedunculate oak forests (F72 p.p.) 

The south-east Sarmatian small-leaved lime-pedunculate oak forests (F72) are distributed mainly 
in the trans-Volgian-trans-Kama hill country (up to 420 m above sea level) between the Volga, 
Kama and Belaja rivers. Locally distributed and isolated southern outliers are also found in the 
area of the Volgian upland (west of the Volga), between the Volga, Chop’or and Sura Rivers (to a 
maximum altitude of 370 m). 

Larger stands of these forests remain preserved in the Zhiguli Hills near Samara. Here maple-
lime-oak forests with Aegopodium podagraria predominate. Within the forest steppe zone and 
scattered in steppe areas one can find mainly grass-rich oak forests. Oak scrub with Euonymus 
verrucosa, Prunus fruticosa, Chamaecytisus ruthenicus and Prunus tenella is widely distributed 
on calcareous black earths and skeletal-rich soils in the southern forest steppe area. They also 
contain south Siberian shrub species (Crataegus sanguinea, Cornus alba, Lonicera tatarica). 
Here the major tree species is the pedunculate oak, and sometimes also the small-leaved lime, but 
only rarely do mixed forests occur with both. The proportion of lime increases in natural succes-
sion stages from oak forests. 

In the Zhiguli Hills, lime forests with admixed Ulmus glabra and Acer platanoides are widespread 
on the lower slopes of valleys and in ravines, while on the upper slopes lime forests with Populus 
tremula dominate. In the herb layer, Carex pilosa, Galium odoratum and Asarum europaeum pre-
vail, and also occasionally Aegopodium podagraria. Mixed lime-oak and oak-lime forests with 
Acer tataricum and steppe shrubs also occur. 

The steppe forests and shrub woods (Bairaks) in the southern area of the pre-Volgian and trans-
Volgian hill countries (F72) are characterised by a severe thinning of Central European nemoral 
floristic elements and a high proportion of forest steppe and steppe elements. At the margins of 
the Bairaks, steppe shrubs develop a ‘scrub fringe’ consisting of Prunus fruticosa, P. spinosa, P. 
tenella, and Caragana frutex. 
 
F.4.2 Submontane-montane types 

South Uralian and pre-Uralian mixed small-leaved lime forests (F73, F74) (P.L. Gorčakovskij) 

The colline-submontane to montane broadleaved forests of the Southern Urals and its western 
foothills (F73, F74) form a large, contiguous, but relatively species-poor forest complex. Their 
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altitudinal distribution ranges from (250) 350 to 850 (1040) m above sea level. Quercus robur, 
Tilia cordata and Acer platanoides are the most important components of the tree layer, while 
Ulmus glabra and U. laevis are more or less regularly admixed and usually do not become domi-
nant. Mixed stands are typical in optimal edaphic and climatic situations for deciduous broad-
leaved tree species in the Southern Urals since no tree species is favoured here. At the ecological 
limits of the unit, however, individual tree species (pedunculate oak, small-leaved lime and more 
rarely Norway maple) may achieve dominance. Oak-lime and lime forests remain restricted to 
high locations and northern slopes of deeply cut valleys while the southern slopes are occupied 
mostly by oak forests. In the lower regions of the foothills, elm-lime and elm-Norway maple for-
ests are widespread; locally Ulmus glabra achieves dominance here. Furthermore, in the young 
forest stands that develop e.g. in forest openings or clearings, Ulmus glabra can sometimes domi-
nate. On forest and fire clearings Betula pendula and Populus tremula can appear as pioneer trees, 
while in the lower tree layer Salix caprea is encountered quite frequently. 

The shrub layer is formed basically from nemoral-boreal and forest steppe species: Prunus pa-
dus, Sorbus aucuparia, Lonicera tatarica, L. altaica, Frangula alnus, Rosa majalis, Caragana 
frutex, Prunus fruticosa, Cotoneaster niger; nemoral shrubs such as Corylus avellana, Lonicera 
xylosteum, Rhamnus cathartica, Viburnum opulus, Euonymus verrucosa are rarer and do not play 
any greater role. 

At their eastern distribution limits the summer-green broadleaved forests only harbour a depleted 
set of European nemoral species such as Dryopteris filix-mas, Galium odoratum, Viola mirabilis, 
Pulmonaria obscura, Asarum europaeum, Stachys sylvatica, Carex pilosa, Bromus benekenii, 
Festuca altissima, Actaea spicata, Poa nemoralis, Geranium robertianum, Ajuga reptans, and 
Urtica dioica in the herb layer. These nemoral species play only a subordinate role, since typical 
plants of boreal forests dominate: Calamagrostis arundinacea, Pteridium aquilinum, Bupleurum 
longifolium subsp. aureum, Aconitum lycoctonum subsp. lycoctonum, Crepis sibirica etc. In the 
herb layer, spring geophytes also appear: Anemone altaica, A. ranunculoides, Corydalis solida, 
Gagea lutea and Ranunculus ficaria. On moister soils, tall herbs such as Aconitum lycoctonum 
subsp lycoctonum, Knautia tatarica, Cacalia hastata and Cephalorrhynchus tuberosus are found. 

The moss layer is poorly developed as a rule. Mosses such as Brachythecium salebrosum, Pla-
giomnium cuspidatum, Rhizomnium punctatum, Neckera pennata, Pylaisia polyantha, Hyloco-
mium pyrenaicum, Pseudoleskeella nervosa, Leucodon sciuroides, Paraleucobryum longifolium 
grow mainly on rotting timber and at the bases of tree trunks. 

On the lower slopes and western foothills of the Southern Urals, mixed lime forests with dominant 
Tilia cordata and admixed elm (Ulmus glabra) (F73) prevail. They are densely closed, relatively 
poor in species and feature only a sparse shrub layer. On southern slopes, thermophilous types 
with Calamagrostis arundinacea, Lathyrus vernus, Tanacetum corymbosum, Phlomis tuberosa, 
Solidago virgaurea and Pleurospermum uralense occur (GORČAKOVSKIJ 1972). In basins and on 
moist slope floors, tall herb-rich communities with Aegopodium podagraria, Cacalia hastata, 
Aconitum lycoctonum subsp. lycoctonum, Crepis sibirica, Heracleum sphondylium subsp. si-
biricum prevail. 
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At higher locations and on northern slopes, mixed maple-lime-oak forests with dominant Quercus 
robur prevail within which Ulmus glabra plays only a very subordinate role (F74). Depending on 
the relief and the exposure, formations of herb-rich (Aegopodium podagraria, Galium odoratum), 
tall herb-rich (Aconitum lycoctonum subsp. lycoctonum, Bupleurum longifolium subsp. aureum, 
Crepis sibirica, Cicerbita uralensis, Knautia tatarica), fern-rich (Dryopteris filix-mas) or grass-
rich (Calamagrostis arundinacea, Brachypodium pinnatum, Carex macroura) communities may 
occur. Krummholz oak forests form the tree line in the Southern Urals. They grow on shallow 
grey forest soils. The herb layer of these krummholz stands contains the Uralian endemics Cicer-
bita uralensis and Knautia tatarica. Above the krummholz belt, oaks may still occur at places 
within fields of tall herbs (IGOŠINA 1964). 
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F.5 Beech and mixed beech forests 

Udo Bohn, with a contribution by Erwin Bergmeier 

Characterisation and typological delimitation 

Beech forests are characterised by the natural dominance of beech (Fagus sylvatica) in the tree 
layer. The degree of crown cover is at least 50 %, but in most cases it is over 90 %. Beech forests 
feature only a few subdominant tree species in the 1st or 2nd tree layer since the beech is excep-
tionally competitive and intolerant towards other tree species on “normal” sites within its optimal 
climatic and edaphic range. It benefits from its great tolerance of shade and broad habitat ampli-
tude that spans from oligotrophic to eutrophic situations, moist to dry and warm sites, and from 
lowlands to high montane belts in the mountains. 

Subdominant tree species usually only attain a higher proportion of the total cover on the ecologi-
cal margins of the beech forest formation, in transitional areas to forest communities of more ex-
treme sites. The degree to which other tree species are present depends on soil trophy, soil humid-
ity, altitude, and geographic location as well as the regional flora. The most important associated 
tree species are Quercus petraea (on acidic and waterlogged lowland sites), Carpinus betulus 
(more eutrophic lowland sites, in the 2nd tree layer), Fraxinus excelsior, Acer pseudoplatanus, A. 
platanoides, Ulmus glabra (more eutrophic as well as boulder-rich sites especially at higher alti-
tudes), and finally Abies alba and Picea abies (mainly in higher uplands and the high mountains). 
The forest stands are usually two or more rarely three-layered, although the shrub and moss layers 
are largely absent. The composition and degree of cover of the herb (and shrub) layers vary con-
siderably depending on the nutrient and water content of the soil, slope exposition, altitude and 
geographic location. Accordingly a variety of types can be distinguished including acidophilous, 
basiphilous and thermophilous types, species-poor or species-rich types and variants especially 
rich in bryophytges, woodrushes, sedges, grasses, herbs, ferns or tall forbs, all of which are as-
signed to various alliances within the class Querco-Fagetea and more specifically the order Fage-
talia sylvaticae. 

The beech forests summarised in this formation are dominated either by the common beech 
(Fagus sylvatica subsp. sylvatica) or the Moesian beech (Fagus sylvatica subsp. moesiaca). The 
related oriental beech forests (Fagus sylvatica subsp. orientalis) comprise their own formation 
(F.6) stretching from south-eastern Bulgaria (Istranca mountains) along the southern Black Sea 
coast (Pontic Mountains, Turkey) towards the south-east including the Caucasus as well as the 
southern coast of the Caspian Sea (see Map 9). 
 
Geographical distribution 

Common (European) beech forests form the predominating zonal or climax vegetation in oceani-
cally influenced western and Central Europe as well as in the montane belt of the southern Euro-
pean mountain ranges (see Map 10). Their natural range extends north to south from southern 
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Norway (Oslo fjord, approximately 59˚ N)1 to Sicily (Etna, Nebrodes, Madonia, approximately 
38˚ N) and west to east from southern England, Brittany and the Cantabrian Mountains (approxi-
mately 7˚ W) to north-eastern Poland (Ermeland/Warmia), Moldavia east of the Carpathian Moun-
tains, the Crimean Peninsula (Jaila Mountains), the Balkans, and the Rhodopes and Pindos Moun-
tains (central Greece, approximately 39˚ N) in south-eastern Europe. 

In the northern part of their range, common beech forests virtually cover lowland areas up to the 
coast and are absent only on the few sites that are too moist, too highly oligotrophic or where the 
soils are too shallow and dry. In the south, namely in the Mediterranean region, they are restricted 
to higher altitudes in the mountains, where the cool-moist and climatically more moderate condi-
tions of the temperate zone prevail. There they occur mainly at altitudes between 700 and 1900 m 
above sea level. In western Central Europe they occupy zonal sites at all altitudes from the low-
lands to the montane and altimontane belts (see Map 10). 
 
Stand structure and physiognomy 

Even in primeval forest stands, the common beech tends to form densely closed cathedral forests 
that are very shady in summer and therefore also poor in shrubs. This so-called ‘terminal stage’ or 
‘climax’ in the natural development cycle occurs at stand ages of between 50 and approximately 
150 (200) years. Abundant and dense tree regeneration occurs only when a stand is opened up by 
the death and collapse of older trees or after wind-throw events. This leads to highly stratified 
stand structures.Depending on the size of the gaps, dense new growth develops during this stage 
of regeneration. On base-poor sites the undergrowth consists primarily of beech and on base- and 
lime-rich sites of ash and/or sycamore; these are then replaced again by beech in the course of 
further stand development. 

Fir regeneration often persists for decades as a shrubby undergrowth in closed beech stands before 
it can grow taller after gap creation. 

In the collapse and regeneration phases, nitrophilous pioneer shrub species such as Sambucus 
racemosa, S. nigra and Rubus idaeus as well as Rubus fruticosus agg. can be temporarily more 
strongly represented in the stand structure. In this successional stage the (mixed) beech forests 
exhibit a strongly layered vertical structure reminiscent of selectively logged forests. 

The herb layer in the subsequent thicket stage of beech forest regeneration is severely suppressed 
and attenuated and can only fully develop during the course of the ‘optimal phase’, i.e. the period 
of strongest tree growth, so that it may then achieve its most luxuriant form in the cathedral forest 
stage. 

The composition and degree of coverage of the herb layer are affected greatly by soil trophic lev-
els, soil and air moisture as well as the light conditions. For instance, the herb layer on oligotro-
phic sites is generally the most sparse and species-poor, whilst on mesic, nutrient-rich sites it is 
luxuriant and has high cover, and on base-rich and warmer, drier sites with adequate light penetra-

                                                            
1 The northernmost stands on the western coast near Bergen are artificial. 
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tion it is sparse, but often very species-rich. The herb layer consists mainly of summer-green and 
winter-green hemicryptophytes and geophytes which tend to reproduce and spread vegetatively 
using runners, rhizomes, corms or bulbs. 

Ground-dwelling mosses play almost no role owing to the dense and poorly decomposable beech 
litter. Where they do occur, they occupy the bases of trunks where foliage is washed away by 
rainwater that runs off the beech trunks so that the soil is acidified, or on thinned out sites con-
tinuously blown free of foliage. 

Typical for the beech forests with their pattern of being bare in the winter and shaded during the 
summer is the seasonal developmental rhythm, a phenomenon particularly distinct and differentiated 
in the herb layer on more base-rich sites. DIERSCHKE (1982b, 1995, 2000a) for example differenti-
ated 9 flowering phases and a total of 11 phenophases in the meso-eutrophic beech forests of Cen-
tral Europe, each of which he named after the characterising woody and herbaceous species. The 
late winter and spring flowering aspects of geophytes (Leucojum vernum, Corydalis spp., Anemone 
spp., Adoxa moschatellina, Gagea lutea, Ranunculus ficaria) and hemicryptophytes (Hepatica nobi-
lis, Primula elatior, P. veris, Pulmonaria officinalis, P. obscura, Viola reichenbachiana) are par-
ticularly characteristic and well known. Before and during the foliage development of the beech 
there is also a golden nettle (Lamium galeobdolon) and woodruff (Galium odoratum) aspect as well 
as a wood melick (Melica uniflora) phase that lasts to the end of spring or the start of the early 
summer. In the summer, the shade-tolerant grasses (Dactylis polygama, Festuca altissima, Horde-
lymus europaeus, Brachypodium sylvaticum, Bromus benekenii), herbs (Stachys sylvatica, Cam-
panula trachelium, Circaea lutetiana, Prenanthes purpurea, Salvia glutinosa) and ferns (Athyrium 
filix-femina, Dryopteris filix-mas, D. dilatata, Gymnocarpium dryopteris) then reach their full de-
velopment. The phases of autumnal leaf fall and winter rest then set in at the end of the year (cf. also 
LAUSI & PIGNATTI 1973). 

The growth height and form of the beech depend greatly on habitat factors: tree heights of over 40 
m and particularly upright tree trunks occur on deep and fresh soils at low to middle altitudes 
(lowland-colline to submontane altitudinal belt). With increasing altitude, the height of the beech 
is reduced until it often only forms shrubby stands at its upper altitudinal limit. The beech is much 
shorter and has a poor growth form (with gnarled stems and lower branching) particularly on 
ecologically marginal sites that are oligotrophic and waterlogged or on dry, shallow soils. 

In the natural ranges of the fir (Abies alba) and the spruce (Picea abies) in montane locations of 
the uplands and high mountain ranges the beech often succumbs in mixed stands to conifers that 
are able to reach 40-50 m in height. 
 
Floristic composition 

The formation of the common beech and mixed beech forests is subdivided first into two main 
groups that can be clearly distinguished by their habitat and floristic composition and which in 
their typical forms feature hardly any species in common, except of course the beech itself which 
dominates in the stands. These are: 



Formation F.5 Map of the Natural Vegetation of Europe 
 

282  

– Species-poor, oligotrophic to mesotrophic beech and mixed beech forests (F.5.1) and 

– Species-rich, eutrophic and eu-mesotrophic beech and mixed beech forests (F.5.2). 

The first occur on highly acidic, base-poor silicate, loamy and sandy soils with a moder or raw 
humus horizon and harbour only a few acidophilous or acid-tolerant dwarf shrub, herb and bryo-
phyte species. Their species spectrum varies little over their entire range, but 29 mapping units 
can nevertheless be distinguished. 

The second group is characterised by base- and nutrient-richer soils derived from silicate and car-
bonate rocks, loess loam, marl or young moraines, mostly with mull humus with correspondingly 
more nutrient-demanding tree, shrub and herb species. The large overall number of species, the 
broad habitat spectrum and the different distribution areas have all resulted in a great variety of 
communities and subtypes, which is the reason why the number of mapping units is also substan-
tially larger (57) here. 

These two main groups are then further subclassified according the altitudinal belts: lowland(-
colline), colline-submontane, montane-altimontane, altimontane. These in turn are differentiated 
into geographic variants (regional communities, races) and finally these are broken into site-
determined (edaphic, microclimatic) units (see also the section “Classification into subunits” as 
well as Maps 10-12). 

The characterising species assemblages of the species-poor acidic beech forests consist of 
widely distributed acidophilous to acid-tolerant (and shade-tolerant) forest species that occur in 
various sorts of deciduous and coniferous forest communities and are not in any way specific to 
beech forests. 

In the tree layer oaks in particular occur as associated tree species at lower altitudes as well as on 
warmer sites. Primarily Quercus petraea is admixed, more rarely Quercus robur, and in the south-
west also Quercus pyrenaica, while in western and southern areas the sweet chestnut (Castanea 
sativa) is occasionally naturalised. In the middle and eastern Balkans the common beech is re-
placed in many stands by the Moesian beech (Fagus sylvatica subsp. moesiaca). 

In montane locations Acer pseudoplatanus frequently joins the beech, and in the Balkans also 
Acer heldreichii; in the southern and eastern uplands and high mountain ranges Abies alba and 
sometimes also Picea abies number amongst the natural companions of the beech. Higher up 
these mixed forests are often replaced by altimontane to subalpine spruce forests. 

The species-poor acidic beech forests in Germany, which represents the main distributional area 
for this formation type, harbour in all of the variants taken together about 80 species of frequent 
vascular plants and bryophytes. The most persistent are acid indicators as well as species that 
have their distribution strongholds in acidic forests. Particularly characteristic species that are 
represented over almost the entire range include the following herbs, dwarf shrubs and bryo-
phytes: Deschampsia flexuosa, Carex pilulifera, Agrostis capillaris, Dryopteris carthusiana, Ox-
alis acetosella, Maianthemum bifolium, Vaccinium myrtillus, Luzula pilosa, L. luzuloides (mainly 
in mountainous areas) and Veronica officinalis, among the mosses Polytrichum formosum, Dicra-
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nella heteromalla, Dicranum scoparinum, Mnium hornum, Atrichum undulatum and Hypnum 
cupressiforme. 

Differential species of lowlands and warmer areas include Melampyrum pratense, Lathyrus lini-
folius, in the Atlantic-sub-Atlantic region also Lonicera periclymenum, Ilex aquifolium, Teucrium 
scorodonia and Hypericum pulchrum, in the Central European area Calamagrostis arundinacea 
and Carex umbrosa, and on moist sites also Carex brizoides. 

Acid-tolerant species such as Dryopteris dilatata, Festuca altissima, Prenanthes purpurea, Luzula 
luzuloides, L. sylvatica, Senecio ovatus and S. nemorensis agg. have their distribution strongholds 
in mountainous areas; distinctively montane species include the herbs Polygonatum verticilla-
tum, Calamagrostis villosa, Homogyne alpina and Rumex arifolius as well as the moss Paraleu-
cobryum longifolium. 

Apart from the above mentioned plants the following are also suitable for geographic differen-
tiation: Ruscus aculeatus, Hyacinthoides non-scripta and epiphytic mosses for the Atlantic re-
gion; Euphorbia angulata, Saxifraga hirsuta, S. spathularis, Euphorbia hyberna and Luzula syl-
vatica subsp. henriquesii for the oceanically influenced areas of south-western Europe (Massif 
Central, Pyrenean forelands and the Cantabrian Mountains); Luzula nivea and L. pedemontana for 
Insubria and Piedmont; Festuca drymeja for Illyria (see Map 11). 

Of the more nutrient-demanding herbaceous species that penetrate from the species-rich beech 
forests of the second group and which characterise the richer variants of the acidophilous beech 
forests, the most commonly encountered include Anemone nemorosa, Poa nemoralis, Milium 
effusum, Dryopteris filix-mas, Scrophularia nodosa, Carex sylvatica and Lamium galeobdolon. 

Moist and poorly drained types of acidic beech forests are differentiated by Athyrium filix-
femina, Deschampsia cespitosa, Carex remota, Juncus effusus, Equisetum sylvaticum, Agrostis 
canina, Holcus mollis and Stellaria nemorum, and in the eastern part also by Carex brizoides. 

The species-rich, eutrophic and eu-mesotrophic beech forests feature more nutrient-demanding 
plant species in all layers, but are at their most numerous in the herb layer. In the tree layer Frax-
inus excelsior, Acer pseudoplatanus, A. platanoides and Ulmus glabra occur at higher altitudes 
and in transitions to moist and boulder-rich sites as more demanding admixed tree species, while 
at lower and warmer locations Carpinus betulus and Tilia cordata also appear, mainly in the un-
dergrowth. In their natural domain in the montane to altimontane belts Abies alba and Picea abies 
are equally represented on base-poor and base-rich sites. In thermophilous types, where the vital-
ity of the beech is compromised by periodic dryness, Sorbus torminalis, S. aria and Acer 
campestre can also exist as companions (mostly in the 2nd tree layer). In certain areas, particu-
larly on calcareous sites in the west of the range, Taxus baccata occurs in the undergrowth. In the 
central part of the Balkan Peninsula the common beech is often replaced on base-rich sites by the 
Moesian beech (Fagus sylvatica subsp. moesiaca) or forms mixed stands with it. In the southern 
part of the Balkan Peninsula (northern Greece, Macedonia) Abies alba in the montane fir-beech 
forests is replaced by A. borisii-regis. 
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The shrub layer which even in species-rich beech forests is developed only sparsely in closed 
stands also features more nutrient-demanding woody species: the most frequent are Daphne mez-
ereum and Lonicera xylosteum, more rarely Crataegus laevigata, Viburnum opulus, Corylus avel-
lana, while in thermophilous types Crataegus monogyna, Cornus sanguinea, Rosa arvensis, R. 
canina agg., Viburnum lantana, Prunus spinosa and Ligustrum vulgare also occur. 

Ilex aquifolium (in the west and south), Daphne laureola and Buxus sempervirens (in the south-
west and the south in thermophilous and sub-Mediterranean types) as well as Lonicera alpigena, 
L. nigra and Rosa pendulina (for the regions of the Alps, Dinarides and Carpathian Mountains) 
are suitable as geographic differential species. 

Amongst the lianas Hedera helix in the field layer is broadly distributed and characteristic for 
lowland communities. The herb layer of the species-rich beech forests consists particularly of 
mesotrophic to eutrophic herbaceous forest plants (hemicryptophytes and geophytes), which are 
broadly distributed in the temperate and submeridional zones of Europe. These can be divided 
again into 2-3 subgroups according to their nutrient requirements. 

The basic composition is formed from mesotrophic to eutrophic forest species as well as plants 
which are mesophilous (with respect to the water balance) and shade-tolerant – Fagetalia and 
Querco-Fagetea species which extend quite far on to acid soils. The species with the highest con-
stancy are Anemone nemorosa, Dryopteris filix-mas, Poa nemoralis, Milium effusum, Carex syl-
vatica, Galium odoratum, Lamium galeobdolon, Scrophularia nodosa and Viola reichenbachiana. 

The group of the more demanding, eutrophic herbaceous species with high constancy includes 
Melica uniflora, Hordelymus europaeus, Cardamine bulbifera, Mercurialis perennis, Polygo-
natum multiflorum, Bromus benekenii, Brachypodium sylvaticum, Sanicula europaea, Actaea 
spicata, Pulmonaria officinalis, P. obscura, Paris quadrifolia, Lathyrus vernus, Asarum eu-
ropaeum and Lilium martagon (the latter mainly in the central and eastern parts of the range of 
beech forest). 

Amongst the most demanding species with respect to the nutrient and base regimes are geo-
phytes such as Anemone ranunculoides, Arum maculatum, Allium ursinum, Adoxa moschatellina, 
Corydalis cava, C. solida and Ranunculus ficaria, as well as in part nitrophilous hemicrypto-
phytes such as Aegopodium podagraria, Stachys sylvatica, Geum urbanum, Veronica montana, 
Euphorbia amygdaloides, Hepatica nobilis, Ranunculus lanuginosus and Viola mirabilis. 

Stellaria holostea, Dactylis polygama, Campanula trachelium, Hedera helix, Neottia nidus-avis 
as well as Melica nutans, Carex digitata, C. umbrosa, Galium sylvaticum and Vicia sepium repre-
sent suitable differential species for the lowland beech forests of Central Europe. 

Differential species for the montane types include primarily Polygonatum verticillatum, Senecio 
ovatus, Prenanthes purpurea and Stellaria nemorum. 

Differential species for the high montane areas in Central Europe include Ranunculus plata-
nifolius, Cicerbita alpina, Petasites albus, Athyrium distentifolium, Geranium sylvaticum and 
Senecio nemorensis agg. To these can be added in the Alps and neighbouring ranges Adenostyles 
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alliariae, Veratrum album, Saxifraga rotundifolia, Viola biflora, Luzula luzulina, Astrantia major 
and Polystichum lonchitis. 

Moist types are characterised according to trophic level by Deschampsia cespitosa, Carex remota 
and Athyrium filix-femina on poorer sites, or by Stachys sylvatica, Circaea lutetiana, Festuca gi-
gantea, Impatiens noli-tangere and Aegopodium podagraria on richer ones. 

Differential species of poorer, acidic types include Luzula luzuloides, L. sylvatica, Deschampsia 
flexuosa, Poa chaixii, Calamagrostis arundinacea, Hieracium murorum and Solidago virgaurea. 

Thermophilous beech forests are amongst the most species-rich beech forest communities and 
vary greatly in their species composition depending on region and altitude. They have in common 
the lacking of mesophilous species and the more or less strong participation of thermophilous and 
drought-resistant species. The most frequent and characteristic thermophilous and xerophytic spe-
cies are Cephalanthera damasonium, C. rubra, Carex montana, C. flacca, C. alba (only in certain 
regions), Campanula persicifolia, C. rapunculoides, Vincetoxicum hirundinaria, Tanacetum 
corymbosum, Polygonatum odoratum, Sesleria albicans, Anthericum ramosum, Primula veris, 
Brachypodium pinnatum, Epipactis atrorubens and E. microphylla, and in certain regions Melittis 
melissophyllum, Laserpitium latifolium, Calamagrostis varia, Polygala chamaebuxus and 
Carduus defloratus. 

In addition to the above mentioned species, the species-rich beech forests are also geographically 
differentiated by regional characteristic and differential species (see Map 12). Because of the oc-
currence of such regionally distributed species, many authors have established regional suballi-
ances of the Fagion sylvaticae. More details regarding this can be found in the following and in 
the last section entitled “Classification into Subunits”. 
 
Position in the phytosociological system (syntaxa) 

There is still no general syntaxonomic overview of beech forest communities for Europe down to 
the level of associations. Reviews published until now have restricted themselves to middle hier-
archical levels (the list of RODWELL et al. 2001 goes only to alliances), or deal only with certain 
community groups (e.g. DIERSCHKE 1997, 2000b: geographic classification of the species-rich 
beech forests) or regions (e.g. Central Europe – MÜLLER 1992, ELLENBERG 1996, WILLNER 2002; 
south-eastern Europe – HORVAT et al. 1974; for more recent national reviews see below). A gen-
eral overview of the most important beech forest communities, classified according to the differ-
ent forest regions of Europe (in total 7, of which 5 represent a considerable proportion of the 
beech forest range), was published by H. MAYER (1984) in his book “Wälder Europas”. At least 
with respect to creation of a phytosociological-ecological basis for European silviculture, Mayer 
emphasised a regional, ecological (trophic, humidity and temperature levels) and altitudinal clas-
sification as well as the representation of landscape- and altitude-specific forest community com-
plexes. He did not claim to have achieved a comprehensive and final systematic classification. 
Recently (since the mid-1990s), thanks to an initiative of the international working group of the 
IAVS “European Vegetation Survey”, syntaxonomic overviews of the beech forest communities 
have appeared for many countries in Europe based on recent observations and statistical evalua-
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tions of currently available vegetation data and tables. This material was evaluated for the follow-
ing overview, which is designed to provide an indication of the current state of knowledge and 
any outstanding deficits and problems. The recent publication by DIERSCHKE (2000b) of the “De-
velopment and Status of the Systematics of Central European Beech Forests” provides an impor-
tant cornerstone, as does another work published by WILLNER (2002). 

The following principles are now generally used and accepted for classifiying beech forest com-
munities: 

S Trophic levels (from oligotrophic to eutrophic as well as strongly acid and species-poor to basic 
and species-rich), 

S Altitudinal belts (from lowland to altimontane/subalpine), 

S Mesophilous and thermophilous types, 

S Geographic variants (regional alliances, regional associations and races). 

This scheme also corresponds to the division into subgroups and mapping units applied in the 
European vegetation map, although this could not be consistently adhered to in all regions: in the 
mountain ranges a trophic classification and an altitudinal subdivision could not always be de-
picted because of the large variations seen over very small distances. Site oriented and geographic 
differentiation also tended to supersede such classification. 

The two basic principles for the syntaxonomic classification of European beech forests were named by DIERSCHKE (2000) as  
a) floristic classification according to habi tat  gradients and 
b) floristic classification according to chorological  gradients. 
He furthermore made a case for a logically formed system, in which one of these basic principles should be given priority: 
either classification into a) habitat-ecological alliances with regional associations (and regional suballiances) or into b) phy-
togeographically characterised alliances with habitat-defined associations (and suballiances). With species-rich beech forests, 
the former Eu-Fagion, he recommended a classification into regional alliances due to the considerable regionally differenti-
ated floristic variety and the marked south-north gradient, which were then to be subdivided further according to habitat (cf. 
also DIERSCHKE 1997). He also favoured a separate consideration of the acidic beech forests of the Luzulo-Fagion, which he 
assigned to the Quercetalia roboris for frequently discussed and well known floristic reasons. At the same time, however, he 
pointed out that a primarily geographically oriented classification cannot be realised “ohne Kompromisse und deduktive 
Festlegungen” (without compromises and deductive predefinition). We have based our approach for subdividing ‘rich’ beech 
forests into regional alliances largely on his proposals. 

WILLNER (2002) by contrast came out in favour of a primary classification into ecological macro-units based on the results of 
his TWINSPAN analysis of south Central European and Illyrian beech forest records: these units were 1. Thermophilous 
beech forests (Cephalanthero-Fagion), 2. Mesic eutrophic beech forests (Asperulo-Fagion = Eu-Fagion) and 3. Acidic beech 
forests (Luzulo-Fagion). Geographic and altitudinal classification played a subordinate role in his scheme. The as yet incom-
plete system he proposed for Europe looks like this: 

 
Syntaxonomic classification of the beech forests of Europe according to WILLNER (2002) 

Cephalanthero-Fagion – Thermophilous beech forests 
Epipactido helleborinis-Fagenion South-western Europe 
Cephalanthero-Fagenion s.str. Central Europe 
Ostryo-Fagenion   Illyrian province 
Doronico orientalis-Fagenion Greece 
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Asperulo-Fagion - Mesic eutrophic beech forests 
Endymio-Fagenion   Western Europe 
Scillo-Fagenion   South-western Europe 
Eu-Fagenion   Central Europe s.str. 
Lonicero alpigenae-Fagenion Alps, Dinarides 
Lamio orvalae-Fagenion  Southern margin of the Pannonian basin 
Symphyto cordatae-Fagenion Carpathian Mountains 

 
Luzulo-Fagion - Acidic beech forests 

Ilici-Fagenion   Western Europe 
Luzulo-Fagenion   Central and south-eastern Europe 
 

Because of the considerable floristic differences, the beech forest units in the legend of the vegeta-
tion map of Europe are first divided into species-poor acidic (acidophilous), corresponding to the 
Luzulo-Fagion as well as the Deschampsio flexuosae-Fagion, and into species-rich, more or less 
basiphilous communities, corresponding to the former Eu-Fagion (now known as the Fagion syl-
vaticae). The second level of classification is based on altitudinal belts and only the third level 
results in subdivision into mapping units defined phytogeographically and by site conditions (hu-
midity and microclimate). A geographic grouping of the mapping units for the two main groups, 
performed independently of altitudinal belts and other habitat related features, is provided in Maps 
11 and 12. 

The following classification emphasises the ecological (poor/rich; mesophilous/thermophilous) and 
phytogeographical aspects, while altitudinal differenciation is less heavily weighted. Because for the 
considerable total number of units involved, only the most important beech forest associations and 
communities are treated here. More detailed information on individual units can be found in the data 
sheets for the mapping units (MUs). Assignment of the MUs to syntaxa (suballiances, associations) 
was only carried out if this was feasible and made sense. The MUs do indeed contain many more 
communities and some cannot be unambiguously assigned to specific associations. 

Although there is a good measure of agreement among individual authors of regional and national 
surveys on the designation and recording of individual forest communities, the syntaxonomic 
classification and assignment of these sometimes deviate considerably from one another. The 
classification presented here thus cannot claim to be generally valid and accepted. Deviations are 
particularly striking when it comes to the categorisation of species-poor acidic (oak-)beech forests 
of the lowlands and hill country. Some authors assign them to the acidic oak forests as a whole 
(Quercetalia roboris), others only to the poorest wing of this formation, while others again assign 
them entirely to the Fagetalia. However, this does not affect their general affiliation with the 
beech-dominated forests as a whole, and this can be regarded primarily as a floristic-sociological 
(syntaxonomic) problem. 

While a rather coarse classification of alliances, suballiances and associations has meanwhile be-
come established in Central Europe (cf. DIERSCHKE 2000b, BfN 2000), classification into suballi-
ances and associations in other regions (e.g. south-western and particularly south-eastern Europe) 
is still in the process of being established, partly because of the greater floristic diversity that pre-
vails there, and partly because of differing opinions. 
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The numerous documents and publications evaluated for the survey are listed at the end of chapter F.5. 

The poorest type of the acidic lowland beech forests, the so-called ‘Fago-Quercetum’ as well as the poorest forms of the 
Deschampsio flexuosae-Fagetum and the Luzulo-Fagetum are assigned to the acidic oak forests (Quercetalia roboris) by 
most authors because of the dominance of acidophilous species in the herb layer, the absence of more nutrient-demanding 
and obligate Fagetalia species, and the regular participation of acid-tolerant oaks (Quercus petraea, Q. robur, in the south 
also Q. pyrenaica and Q. cerris). 

However, this creates problems for the entire Luzulo-Fagion and especially the ‘montane’ units of the alliance, which also 
encompasses richer sub-communities in all altitudinal belts and no longer contains oaks or oak forest species at higher loca-
tions, where it rather tends to show relationships with acidic coniferous forests. 

With the Luzulo-Fagion, a classification into regional alliances or sub-alliances is more difficult, since not as many geo-
graphic differential species (character and differential species) are available as there are in the ‘rich’ beech forests and the 
typical species-poor stands are floristically quite uniform across Europe (cf. also WILLNER 2002). 

 
Syntaxonomic overview of the beech forests of Europe (with assignment to mapping units) 

Querco-Fagetea Br.-Bl. et Vlieger in Vlieger 1937 
Eurosiberian deciduous broadleaved forests 

Quercetalia roboris Tx. 1931 
(Syn.: Quercetalia robori-petraeae Tx. [1931] 1937) 
Species-poor acidic oak and beech forests 

Quercion roboris Malcuit 1929 
(Syn.: Quercion robori-petraeae Br.-Bl. 1932) 
Species-poor acidic oak forests 

Fago-Quercetum petraeae Tx. 1955 – (F75, F77, F78, F80) 
Deschampsio flexuosae-Fagion Soó (1962) 1964 em. Tx. 1979 
(Syn.: Luzulo-Fagion Lohmeyer et Tx. in Tx. 1954) 
Species-poor acidic beech forests 

Ilici-Fagenion (Br.-Bl. 1967) Tx. 1979 em. Oberd. 1984 
Atlantic and sub-Atlantic acidic beech forests 

Ilici-Fagetum Br.-Bl. 1967 – (F76, F81, F82) 
Blechno-Fagetum (Tx. et Oberd. 1958) Rivas-Martínez 1963 – (F98) 
Saxifrago hirsutae-Fagetum Br.-Bl. 1967em. Rivas-Martínez, Báscones et al. 1991 – (F98, 
F99) 
Periclymeno-Fagetum Passarge 1957 – (F77, F79) 
Deschampsio flexuosae-Fagetum Schroeder 1938 – (F80) 
(= Luzulo pilosae-Fagetum W. et A. Matuszkiewiecz 1973) 
Maianthemo-Fagetum Passarge 1960 
(= Milio-Fagetum Burrichter et Wittig 1977) 

Luzulo-Fagenion (Lohmeyer et Tx. in Tx. 1954) Oberd. 1957 
Woodrush-beech and woodrush-fir-beech forests 

Luzulo (luzuloidis)-Fagetum Meusel 1937 – (F83-F87, F90, F93, F94, F95) 
Calamagrostio villosae-Fagetum Mikyska 1972 – (F96, F97) 
Luzulo niveae-Fagetum (Susplugas 1942) Br.-Bl. 1952 – (F91, F92, F100, F101) 
Castaneo sativae-Fagetum (M. Wraber 1955) Marinček et Zupančič 1995 
Blechno-Fagetum In Horvat ex. Marinček 1970 – (F88) 
Lycopodio-Fagetum Marinček et Čarni 1998 
Hieracio rotundati-Fagetum (Vida 1963) Taeuber 1987 – (F102) 

Luzulo pedemontanae-Fagenion Rameau 1996 prov. 
SW-Alpic-north Apennine-Corsican acidic beech and fir-beech forests 

Luzulo pedemontanae-Fagetum Oberd. et Hofmann 1967 – (F101) 
Poo balbisii-Fagetum Gamisans 1977 – (F145) 

Fagion moesiacum Horvat et al. 1974 p.p. 
(Syn.: Luzulo-Fagion moesiacum Zoller et al. 1977) 
Moesian woodrush-beech and fir-beech forests 

Luzulo-Fagetum moesiacae Horvat, Ellenberg Glavač et 1974 – (F89, F103?) 
Orthilio secundae-Fagetum (Barbéro et Quézel 1976) Bergmeier 1990 – (F155 p.p., F156 p.p.) 
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Fagetalia sylvaticae Pawł. in Pawł. et al. 1928 
Mesophytic and thermophilous species-rich beech and mixed deciduous broadleaved forests 

Endymio-Fagion Dierschke (1989) 1997 
Atlantic beech forests of NW France and England 

Endymio-Fagetum Durin et al. 1967 – (F104, F105?, F106) 
Rubio-Fagetum Roisin 1967 – (F112) 

Scillo-Fagion Br.-Bl. 1967 
Atlantic beech and fir- beech forests of Cantabria, the Pyrenees and the Massif Central 

Scillo lilio-hyacinthi-Fagenion Oberd. ex Rivas-Martínez 1973 
Carici sylvaticae-Fagetum (Rivas-Martínez 1965) C. Navarro 1982 – (F136) 
Scillo lilio-hyacinthi-Fagetum Br.-Bl. ex O. Bolòs 1957 – (F138, F140) 
Helleboro viridis subsp. occidentalis-Fagetum sylvaticae O. Bolòs et Torres 1967 

Epipactido helleborinis-Fagenion Rivas-Martínez et al. 1991 
Epipactido helleborinis-Fagetum Rivas-Martínez (1962) 1983 – (F136) 
Buxo sempervirentis-Fagetum sylvaticae Br.-Bl. ex Br.-Bl. et Susplugas 1937 – (F137, F139) 

Galio odorati (Asperulo)-Fagion Tx. 1955 
West Central European beech and fir-beech forests of uplands and lowlands 

Galio odorati-Fagenion (Tx. 1955) Mueller 1966 em. Oberd. et Mueller 1984 
Woodruff-beech and woodruff-fir-beech forests 

Galio odorati-Fagetum Sougnez et Thill 1959 – (F107, F108, F110, F111, F115, F116, F131) 
Hordelymo-Fagetum Kuhn 1937 – (F109, F110, F111, F113, F114, F116) 

Cephalanthero-Fagenion Tx. et Oberd. 1958 
Orchid-beech forests 

Carici-Fagetum Moor 1952 em. Lohmeyer 1953 – (F109, F111, F113, F114, F118) 
Seslerio-Fagetum Moor 1952 em. Mueller 1989 – (F118) 

Lonicero alpigenae-Fagion (Borhidi 1965 em. Oberd. et Mueller 1984) Dierschke 1997 
(Syn.: Fagion illyricum p.p. Horvat 1938) 
Beech and fir-beech forests on the edge of the Alps 

Lonicero alpigenae-Fagetum Oberd. et Mueller 1984 – (F133) 
Cardamino trifoliae-Fagetum Oberd. et Mueller 1984 – (F115) 
Dentario heptaphylli-Fagetum (Br.-Bl. 1932) Mueller 1966 – (F113, F129, F132, F146) 

    Cyclamini-Fagetum Soó (1962) 1971 
    Helleboro nigri-Fagetum Zukrigl 1973 

Dentario pentaphylli-Fagetum Mayer et Hofmann 1969 
Poo stiriacae-Fagetum Zukrigl 1973 – (F117) 

Aceri-Fagenion Ellenberg 1963 
Altimontane sycamore-beech forests 

Aceri-Fagetum J. et M. Bartsch 1940 
Geranio nodosi-Fagion Gentile 1974 
South-west Alpic-Apennine beech and fir-beech forests  

Calamintho grandiflorae-Fagetum Br.-Bl. 1915 – (F141) 
Aquifolio-Fagetum Gentile 1969 – (F147, F148) 
Trochiscantho-Fagetum Gentile 1973 – (F146) 
Polysticho-Fagetum Feoli et Lagonero 1982 – (F146, F147) 

Geranio striati (versicoloris)-Fagion Gentile 1969 
(Syn.: Doronico-Fagion Ubaldi et al. ex Ubaldi 1995) 
Mesophilous beech and fir-beech forests of southern Italy and Greece 

Geranio striati-Fagetum Quézel et Contandriopoulos 1965 – (F155) 
Campanulo (trichocalycinae)-Fagetum Gentile 1969 – (F148, F155) 

Aremonio-Fagion (I. Horvat 1938) Borhidi in Török et al. 1989 
(Syn.: Fagion illyricum I. Horvat 1938) 
Illyrian-Dinaric beech and fir-beech forests 

Epimedio-Fagenion Marinček et al. 1993 
(Syn.: Primulo vulgaris-Fagenion Borhidi 1963 em. 1996) 
Submontane Illyrian beech forests 

Doronico austriaci-Fagetum Borhidi et Kevey 1996 – (F121) 
Vicio oroboidis-Fagetum Pócs et Borhidi 1960 – (F121) 
Helleboro odori-Fagetum Soó et Borhidi in Soó 1962 – (F124) 
Hacquetio-Fagetum Košir 1962 – (F121, F142) 
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Lamio orvalae-Fagenion Borhidi in Török et al. 1989 
Montane Illyrian-Dinaric fir-beech forests  

Lamio orvalae-Fagetum (I. Horvat 1938) Borhidi 1963 – (F142) 
Omphalodo-Fagetum (Tregubov 1957) Marinček et al. 1993 – (F143, F144?) 

Saxifrago rotundifoliae-Fagenion Marinček, Poldini et Zupančič ex Marinček et al. 1993 
(Syn.: Lonicero nigrae-Fagenion Borhidi 1963) 
Altimontane Illyrian-Dinaric mixed beech forests 

Anemono trifoliae-Fagetum Tregubov 1962 – (F142, F158) 
Ostryo-Fagenion Borhidi 1963 
Thermophilous Adriatic beech forests 

Ostryo-Fagetum M. Wraber ex Trinajstić 1972 – (F149) 
Seslerio autumnalis-Fagetum M. Wraber ex Borhidi 1963 – (F150) 

Symphyto cordatae-Fagion (Vida 1963) Taeuber 1982 
(Syn.: Fagion dacicum Soó 1960) 
Hercynian-Carpathian beech and fir-beech forests  

Dentario glandulosae-Fagenion Oberd. et Mueller 1984 – (F120?, F126, F127) 
Dentario enneaphylli-Fagetum Oberd. 1957 ex W. et A. Matuszkiewicz 1960 – (F119, F134) 
Dentario glandulosae-Fagetum Matuszkiewicz 1964 ex Guzikova et Kornaś 1969 – (F125, 
F135) 

Fagion moesiacum (Horvat 1950) Horvat et al. 1974 
Moesian beech and fir-beech forests 

Doronico columnae-Fagenion moesiacae Dzwonko et al. 1999 – (F151, F159, F160) 
Lamiastro montani-Fagetum sylvaticae Bergmeier et Dimopoulos 2001 – (F123, F154) 
Soldanello rhodopaeae-Fagetum sylvaticae Bergmeier et Dimopoulos 2001 – (F153) 
Geranium macrorrhizum-Fagus sylvatica community (Schreiber 1998) – (F154) 
Cardamine graeca-Fagus sylvatica community (Bergmeier et Dimopoulos 2001) – (F156) 
Tilio tomentosae-Fagetum Mišic 1972 – (F124) 

Fago-Corylenion colurnae Borhidi 1963 – (F123, F152) 
(Syn.: Corylo colurnae-Fagenion B. Jovanović 1979) 
Ostryo-Fagenion moesiacum B. Jovanović 1976 – (F122, F152) 

Doronico orientalis-Fagion moesiacae (Raus 1980) Dierschke 1997 
(Syn.: Fagion hellenicum sensu Horvat et al. 1974) 
Thermophilous beech and fir-beech forests of Greece and Albania 

Lathyro alpestris-Fagetum sylvaticae Bergmeier 1990 – (F156) 
 
Macroclimatic factors 

The natural range of the common beech forests corresponds largely to that of climate type VI 
“typically temperate climate” of WALTER et al. (1975) (see chapter 2.2 and Map 3). This climate 
type is characterised by relatively short, not very cold, in part snowy winters, and warm, not very 
hot summers with precipitation (over 600 mm) that falls more or less uniformly throughout the 
year. It borders to the north and north-east on the hemiboreal climate type VIII-VI, and to the 
south-east on the continental forest steppe and steppe climate (type VII). Only in the south-west, 
south and south-east of the range are transitions to warm-temperate (climate type V) and sub-
Mediterranean to Mediterranean climates (type IV). For this reason the beech forest belt is re-
stricted there to cool, rather humid mountain locations. The temperate beech forest climate exhib-
its a clear oceanicity gradient from west to east with increasing temperature extremes, while from 
north to south the summer temperature and aridity both increase. The spectrum of mean annual 
rainfall ranges from approximately 500 to 2000 (3000) mm, and that of the average annual tem-
peratures from (2) 3 °C in the highest mountain locations to 12 (13) °C in the south-west and 
south. In Table 14, some noteworthy climatic characteristics from stations close to the outer and 
altitudinal limits of the common beech forest range are presented. These are outposts in southern 
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Scandinavia, north-eastern and south-eastern Poland, the western Ukraine, eastern Romania, the 
eastern Balkans, southern Italy and Sicily, central and northern Spain, southern and western 
France as well as southern England. In Central Europe sites bordering on drier regions and altitud-
inal boundaries are also listed. 

The climate diagrams of the selected weather stations (cf. WALTER & LIETH 1967) reveal summer 
maxima of precipitation in the north, east and south-east, while the precipitation values decrease 
clearly towards the east and south-east (minimum close to 500 mm), without there being any pro-
nounced dry season in the summer. In the west and south, by contrast, the precipitation maxima 
occur quite clearly in the autumn and winter, such that in the Mediterranean region (southern It-
aly, central Spain) there are also short periods of drought in the summer (July, August), even in 
the beech belt.  
 
Table 14: Climatic characteristics of the outer edges and altitudinal limits of the beech forest area in Europe 

(based on WALTER & LIETH 1967). 
 
Country/region 
No/Station 

Altitude 
(m above 
sea level)

Mean an-
nual tem-

perature °C

Mean daily 
temperature 
minimum: 
January °C 

Absolute 
minimum 

°C 

Mean annual 
precipita-
tionmm 

Climate 
type 

S Scandinavia 
224/Ramnes/ 223/Oslo (N) 
118/Hals (DK) 
84/Kristianstad (S) 

26/94
3
6

6.0/5.4
7.2
7.5

/-6.3
-3.0
-3.6

/-26.4
-25.3
-27.8

 
900/736 

556 
550 

VI (VIII) 
VI 2 
VI 2 

NE Poland 
194/Heilsberg 
75/Marienburg 
72/Neu Hammerstein 

 
87
14
11

 
6.6
7.3
7.0

 
-6.0
-5.3
-5.2

 
-33.6
-33.7
-27.2

 
634 
535 
648 

 
VI (VIII) 
VI 2 
VI 2 

SE Poland 
52/Radom 
47/Lublin 
45/Cholm 

161
197
188

7.9
7.5
7.4

-25.4

-25.4

 
522 
521 
565 

VI 1 
VI 1 
VI 1 

W Ukraine 
31/Lvov 
32/Dublany 
67/Ozydov 

225
255
239

7.7
7.5
7.9

 
680 
650 
591 

VI 1 
VI 1 
VI (VII) 1 

E Romania 
102/Dorohoi 
194/Vaslui 
195/Jassy 

178
120
100

8.2
9.2
9.6

 
577 
535 
526 

VI 2a 
VI (VII) 
VI (VII) 

E Balkans 
107/Gabrovo 
211/Petrohan 
212/Sitniakowo 

375
1400
1740

10.0
4.4
3.7

-22.5

 
884 

1133 
915 

VI 2a 
X 
X 

S Italy, Sicily 
245/Potenza 
378/Montevergine 
380/Floresta (Sicily) 
Etna, Casa Cantoniera 1 

826
1270
1250
1880

11.6
8.3

10.8
7.5

0.4
-2.5

-16.0
 

752 
2302 
1467 
978 

 
IV 5 (X) 
X 
X 
X 

N/central Spain 
149/Viella (Pyrenees) 
146/Manurga (Cantabria) 
127/Cabañas (Cantabria) 
150/Majalcarro 

970
700
850

1330

9.2
11.1
9.1
9.0

-16.0
-12.5
-22.0
-14.1

 
873 

1229 
772 
910 

 
X 
X 
IV (VI) 
X 

S France 
184/Bagnères de Bigorre (Pyren.) 
391/Lacaune 
395/Rodez 

567
800
603

11.3
9.0

10.4

0.2
1.3
0.6

-15.0
-18.2
-17.9

 
1383 
1374 
780 

 
V (VI) 
X (IV) 
X (VI) 
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Country/region 
No/Station 

Altitude 
(m above 
sea level) 

Mean an-
nual tem-

perature °C

Mean daily 
temperature 
minimum: 
January °C 

Absolute 
minimum 

°C 

Mean annual 
precipita-
tionmm 

Climate 
type 

SW edges of the Alps 
421/Mont Ventoux 
422/Thoronc 

 
1912 
1250 

2.1
8.5

-7.6
-2.8

-24.3
 

1228 
1078 

 
X (IV) 
X (IV) 

W France 
102/Lezay (Charente) 
103/Limoges 
156/Trappes (west Paris) 
151/Angers 
146/Lorient (Brittany) 
197/Quimper 
198/ Mur de Bretagne 
139/Cherbourg 

 
125 
253 
168 

68 
24 
40 
85 
8 

11.6
11.3
10.2
11.8
12.0
11.4
10.9
11.3

0.9
0.1
0.4
1.7
3.5
2.7
2.0
4.4

-25.8

-12.5
-10.0
-11.5

-10.0

 
966 
907 
585 
621 
851 

1004 
875 
955 

 
V 2 
V 2 
V (IV) 2 
V (IV) 2 
V (IV) 2 
VI (V) 2 
VI (V) 2 
V (IV) 2 

S England 
36/Cardiff 
94/Oxford 
120/Ross-on-Wye 
111/Cambridge 
114/Lympne 

 
62 
63 
67 
14 

114 

10.1
10.1
9.9
9.8
9.6

2.3
1.1
2.2
0.6
1.7

-16.7
-15.5
-19.5
-17.2
-16.0

 
1043 
652 
708 
551 
687 

 
V (VI) 2 
VI 1 (IV) 
VI 1b 
VI 1a 
VI 1b 

Central European dry areas 
152/Alzey 
56/Colmar 
59/Halle 
36/Prague 
29/Brno 

 
204 
188 

94 
199 
246 

8.9
10.8
9.1
9.2
8.4

-2.6 -27.1

 
537 
502 
502 
490 
528 

 
VI 5b 
VI 1 (VII) 
VI 2 (VII) 
VI (VII) 2 
VI (VII) 1 

Central European mountains 
519/Kahler Asten (Rothaar Hills) 
524/ Wasserkuppe (Rhön Mts.) 
639/Brocken (Harz) 
640/Fichtelberg (Erzgebirge) 
645/Feldberg (Black Forest) 
593/Todtnauberg (Black Forest) 
601/Boettingen (Swabian Jura) 
644/Glatzer Schneeberg (Sudeten) 

 
848 
925 

1150 
1220 
1494 
1030 
908 

1215 

4.8
4.4
2.4
2.9
2.9
5.8
5.4
2.4

(-5.3)
(-6.0)

-7.1
-8.5
-7.0
-5.1
-7.1
-8.1

(-23.6)
(-25.5)

-26.0
-29.5
-27.7
-22.2
-30.6
-24.6

 
1438 
1076 
1624 
1109 
1929 
1821 
986 

1182 

 
VI (X) a 
VI (X) a 
VI (X) a 
VI (X) b 
VI X c 
VI (X) c 
VI (X) d 
VI (X) b 

 
1) from POLI (1965) 
 
Range-limiting factors for the beech and beech forests are related on the one hand to temperature 
regime and on the other to moisture. The temperature optimum for the common beech and the 
beech forest in Europe lies at a January mean of -1 °C and a July mean of 18 °C (HUNTLEY et al. 
1989). Limiting factors include the low tolerance to frost and the sensitivity towards cold that lies 
with a mean temperature of the coldest month (January) of approximately -4 °C and an absolute 
minimum of -30 °C. These limits play a decisive role in defining the distribution limits to the 
north and the east as well as the altitudinal limits. The growing season (with a monthly average of 
≥ 10 °C) is at least 5 months, whereby the warmest month (July) has an average of between 16 
and 22 °C (optimum at 18 °C). The entire span of average temperatures in the warmest months 
amounts to between 10 and 15 °C in the mountains and 20-25 °C in the southern parts of the range 
(Corsica, central Italy, Greece, Bulgaria). 

Even distribution of humidity over the year is also advantageous for the beech. The optimum pre-
cipitation in Europe lies at 1200 mm/year while the minimum lies at about 500 mm. The beech is 
particularly sensitive to longer periods of dryness during its growing season, a factor which limits 
its range towards the south and south-east (HUNTLEY et al. 1989, SCHROEDER 1998). 
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Critical climatic parameters for restricting the range of the common beech forests in Europe are 
winter cold (absolute minima under -30 °C) and the shorter growing season (less than 5 months) 
in the north, further, winter cold, late frosts and summer aridity (annual precipitation less than 500 
mm) in the east, and the pronounced summer aridity in the south (over 2 months). The boundary 
with the hyperoceanic regions in the west (e.g. Ireland, western Cantabria) is harder to explain. It 
could be determined either by the moderated temperatures (largely without frosts), the low sum-
mer temperatures and the permanently high humidity in combination with the highly acidic soils. 
However, since planted beech thrives and regenerates spontaneously in Ireland, it might be that 
the beech never reached its potential western boundary on its own because of natural barriers to 
migration on the one hand and early anthropogenic forest clearing on the other (DIERSCHKE 
1982a, MITCHELL 1995, 2000, SCHROEDER 1998). 

Like the northern limits of the beech, its altitudinal limits in the uplands and high mountains, 
which gain in elevation from north to south (Harz: approximately 900 m; Black Forest/Vosges: 
1400 m; Alps: 1400-1700 m; Apennines: 1800 m; Sicily: 1900 m; Greece: 1900 m), may also be 
determined by low winter temperatures (January average -2 to -4 °C), a low mean annual tem-
perature (2-4 °C) and a shortened growing season (DAHL 1980, MAYER 1984). 
 
Site conditions 

Over its entire range the beech forests colonise mainly the geographically dominant zonal sites, 
i.e. mesic (to moderately dry), well drained and more or less deep soils, while other tree species 
usually predominate on more extreme damp to wet, dry, shallow to rocky or boulder-rich sites. 

The trophic spectrum of the soils ranges from oligotrophic to eutrophic, the soil reaction from 
highly acidic to weakly alkaline, and the water balance between moderately moist and/or poorly 
drained and moderately dry. Warm, dry habitats, particularly on calcareous soils, therefore tend to 
be ecologically marginal habitats and special microsites for beech-dominated forest communities. 
Within the primarily climatically determined range of the common beech, there are hardly any 
soils that are too acidic and/or oligotrophic to allow the development of beech forests. 

Environmentally more extreme growing sites are colonised by beech forests primarily in those 
areas where optimal climatic conditions prevail, such as in the sub-Atlantic region and in rainy 
mountainous locations where other, otherwise competitive tree species retreat or are completely 
absent. 

As already mentioned in the sections “Floristic composition” and “Syntaxa”, the highest level of 
beech forest classification is based on soil trophy, i.e., separation into species-poor, acidic, 
oligotrophic to mesotrophic forests and species-rich, eutrophic to eu-mesotrophic forests that in-
clude the thermophilous calcareous beech forests. 

The parent materials for the soils range from loose sediments (sand, silt, loam, marl), over various 
silicate rocks (sandstone, clay schist, greywacke, granite, gneiss, basalt and other volcanic rocks) 
to carbonate rocks (dolomite, limestone). 
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The soil types are mainly brown earths and para-brown earths of varying base saturation, as well 
as rendzinas, para-rendzinas, terra fusca, brown rendzinas, colluvia, and locally also pseudogleys 
and transitions to rankers or podzols (Cambisols, Luvisols, Leptosols, Planosols, Podzols). 

Depending on soil, humus form and parent material, moder beech forests (Luzulo-Fagion), brown 
mull beech forests (e.g. Galio-Fagetum), mesic calcareous beech forests (e.g. Hordelymo-
Fagetum) and thermophilous calcareous beech forests (e.g. Carici-Fagetum) can be differentiated. 
Amongst the silicate beech forests there are ‘poor’ acidic (Deschampsio-Fagetum, Luzulo-
Fagetum) and ‘rich’ acidic beech forest communities (Galio-Fagetum, Dentario-Fagetum). 

The individual beech forest communities occur in numerous sub-communities and variants, par-
ticularly reflecting edaphic factors but sometimes also microclimatic conditions. Of these, only 
the spatially more extensive ‘damp’ and ‘thermophilous’ types were listed as their own mapping 
units. 
 
Role in structuring the landscape 

Common beech forests form the climatic zonal vegetation in western Central Europe and over 
large parts of western Europe where they can occur on virtually all sites from the lowland to the 
montane (even high montane) altitudinal belt. As such they naturally come into contact with al-
most all azonal and extrazonal communities on special sites, where they form specific landscape 
mosaics and vegetation complexes with them. On moist to wet sites these include (depending on 
soil trophic level) moist and wet forests of the Quercion robori-petraeae, Carpinon betuli, Alno-
Ulmion and Alnion glutinosae, while on dry to rocky sites and on boulder scree slopes these in-
clude xerophytic and thermophilous forest communities of the Quercion robori-petraeae, Carpin-
ion betuli, Quercion pubescenti-petraeae as well as forests of the Tilio-Acerion. At high eleva-
tions of the southern and eastern uplands (Black Forest, Harz, Thuringian Forest, Erzgebirge, Bo-
hemian Forest, the Sudeten Mountains) as well as the Alps, Carpathian Mountains and Dinarides, 
natural coniferous forests continue on upwards (mainly consisting of Picea abies) from the beech 
forest belt and form the upper forest line. 

There are transitional forms to most adjacent communities in which the common beech (Fagus 
sylvatica) still participates strongly in stand construction. Outliers of beech forest in the south-
eastern Central European, south-eastern and southern European parts of its range are climatically 
drier, more continental and sometimes warmer (sub-Mediterranean); here, beech forests withdraw 
to climatically more favourable (more humid), more precipitation-rich altitudinal belts and expo-
sures. Forest communities that are more drought-resistant occupy the lower altitudes and south-
facing slopes. This applies in particular to oak-hornbeam forests (Carpinion betuli), and some-
times also acidic oak forests (Quercion robori-petraeae) in the east, and summer-green thermo-
philous mixed oak forests (Quercion pubescenti-petraeae, Aceri tatarici-Quercion, Orno-Ostryon 
amongst others) in the south-east, south and south-west. 

In the sub-Mediterranean and Mediterranean climatic zones (north-western Spain, south of 
France, Corsica, Apennines, Sicily, Albania, northern Greece, Crimea) beech forests often form 
the upper tree line in the form of shrub forests. 



Map of the Natural Vegetation of Europe Formation F.5 
 

 295  

The vegetation complexes of the individual mapping units dominated by beech forests differ con-
siderably with respect to their community and species inventory depending on region and land-
scape. This applies especially to range outliers and outposts in the south-west, south and south-
east when compared to Central Europe (see Maps 11, 12 and the information in the data sheets of 
the individual mapping units). Such differences are found not only with the natural accompanying 
and adjacent communities of the individual beech forest units, but also exist (and are sometimes 
even greater) with the area-specific substitute communities and succession stages as well as with 
the preservation state of beech forests. 
 
State of preservation, land use, substitute communities 

It is in the Central European core of the natural beech forest range, where the beech forests are 
naturally distributed in the lowlands and occupy all zonal sites, that human influence is at its 
greatest and historically goes back the furthest, namely as far back as the postglacial spreading of 
beech at around 5000 BP (see chapter 3: “The Late-Glacial and Holocene vegetation history of 
Europe” as well as LANG 1994). 

Neolithic land use with forest clearing by early human settlers began chiefly in the productive 
loess areas between 7500 and 5000 BP and continued initially in the remaining lowlands before it 
proceeded in the uplands up until the Middle Ages. 

Because of the permeability, depth and sometimes great fertility of the soils the potential beech 
forest sites were preferred for crop agriculture and the establishment of settlements and roadways. 
Forest clearance and alteration of the canopy composition as well as artificial preservation of 
mixed oak forests occurred as a result of the practice of forest grazing (German: Hudewald), tim-
ber use and the planting of crop fields (field-grass farming, and later on three-field rotation). Due 
to the deliberate fostering of oaks (as a source of timber and for pig fodder) and forest use in the 
form of coppicing and coppicing with standards, oak-hornbeam forests (on base-rich sites) and 
acidic oak or oak-birch forests (on base-poor soils) often arose from or instead of beech forests in 
the lowlands and hill country. Under such conditions the beech was presumably never able to 
establish itself properly in the ancient settlement areas, and the actual lower beech tree line was 
displaced upwards in the mountains. Over the centuries, a pattern of often anthropogenic altitud-
inal belts arose in Central Europe with the sequence oak and oak-birch forests as well as oak-
hornbeam forests on zonal sites of the lowland-colline belt and (mixed) beech forests in the sub-
montane-montane belt. 

This anthropogenic upward displacement of the lower beech tree line has made it difficult to determine the potential natural 
beech forest range over large areas. As a result, many of the boundaries in the present European vegetation map may not yet 
correspond to the most recent findings. This applies both for the altitudinal limits as well as for the western and eastern beech 
forest limits. As such the beech forest areas identified in France, eastern Germany, the Czech Republic and western Poland 
may not correspond completely with the current distribution potential of the beech forests. 

The state of maintenance of the beech forests as well as their restoration by reforestation depend 
critically on site conditions. On the oligotrophic, acidic, sandy and silicate soils of the lowlands 
and the colline to submontane altitudinal belts, the indigenous beech forests were transformed into 
acidic dwarf shrub heaths and the soils were degraded to podzols, particularly in the Atlantic and 
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sub-Atlantic regions, as a result of centuries of mulching, sheep grazing, fire and peat extraction. 
Later on, these sites were afforested primarily with coniferous trees, mainly Pinus sylvestris, but 
sometimes also Picea abies or exotic conifer species, so that today acidic coniferous plantations 
prevail. In the silicate mountainous areas as well, many beech forest stands were converted into 
coniferous plantations (Picea abies, Pinus sylvestris, Abies alba, Pseudotsuga menziesii), which is 
the reason why near-natural stands of acidic beech forests have now become rare in many regions. 

The state of preservation of species-rich beech forests is significantly better. Although near-
natural stands are also rare in the mainly agricultural lowlands, they occupy larger expanses in 
mountainous areas, especially on sites with relatively shallow soils and steep slopes. This is espe-
cially true of limestone and basalt areas (e.g. the Weser Uplands, the Rhön [central Germany], 
Vogelsberg, the Swabian Jura, the French and Swiss Jura, the Massif Central, the outer Alps, the 
Apennines, the Dinarides, and the Carpathian Mountains). 

In uplands and high mountains, where fir and spruce naturally occur, the beech was often sup-
pressed and even deliberately eradicated since its trunks could not be floated and timber of coni-
fers was preferred for ship building. This was the case e.g. in the Black Forest, the Hercynian 
Mountains and in the Alps. 

A rough calculation of the proportion of near-natural beech forest stands in Germany, produced 
by superimposing the actual distribution of broadleaved forests over the potential beech forest 
range, produced the following values2: 
 
Table 15: Actual forest cover in comparison with the potential forest cover within the natural range of beech 

forests in Germany, classified according to soil trophic levels and altitudinal belts. 

Actual proportion of the range per altitudinal belt % 
Beech forest units 

Potential share in 
total land area 

% 
Broadleaved 

forest 
Mixed forest Coniferous 

forest 
Forest in total 

Species-poor acidic beech 
forests 

     

 –  lowland  12.3 4 3 18 25 

 –  colline-submontane 21.2 8 11 19 38 

 –  montane 5.0 5 12 39 56 

 –  in total 38.5  

Species-rich beech forests  

 –  lowland  9.7 7 2 3 12 

 –  colline-submontane 14.7 12 9 9 30 

 –  montane 3.6 6 14 20 40 

 –  in total 28.0  

Beech forests in total 66.5  

 

                                                            
2  Since there is no systematic and comprehensive record of semi-natural forest stands for the individual natural 

forest types for the whole of Germany, this approximation way had to be based upon the deciduous sector. 
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The values in Table 15 show that the current proportion of coniferous forests within the range of 
beech forests in Germany is considerable (sometimes over 50 % of the current forest area), that it 
generally increases with altitude and that it is at its highest in the montane belt. In addition, the 
proportion of current forest is generally higher for the acidic beech forests than it is for the spe-
cies-rich types, although the proportion of coniferous forests is also much higher (for the former) 
in all altitudinal belts. 

The colline-submontane belts with 8 and 12 % of the potential beech forest area, respectively, 
possess the highest proportion of current broadleaved forests for both trophic levels. However, 
stands with other (anthropogenically) dominating species (oak, hornbeam, maple, ash, American 
red oak, poplar etc.) must be subtracted from these figures, which gives a maximal stocking of 
only 5 % for the current near-natural beech forest (cf. BOHN et al. 2000, BfN 2002). 

Agriculture practiced on beech forest sites in the lowland, colline and lower mountainous regions 
is predominantly for arable crops (cereals, beets, rape, potatoes). The accompanying weed com-
munities vary greatly, as the wide site amplitude from base-poor sands to loess loam and skeletal-
rich limestone soils might suggest. Within the class Stellarietea mediae these include the alliances 
Aperion spicae-venti, Polygono-Chenopodion, Fumario-Euphorbion, Caucalidion platycarpae. 

Here, persistent grassland (Arrhenatherion and Cynosurion communities) occurs only over small-
areas or is restricted to shallow silicate soils and particularly limestone sites (Mesobromion com-
munities). 

In the higher upland locations, particularly on steeper sites with shallow soils or boulder-strewn 
slopes as well as on plateaux and hilltops, persistent grassland dominates as a form of agricultural 
usage. On zonal sites, these take the form of montane tall oatgrass meadows, yellow oatgrass 
meadows (Polygono-Trisetion) and red fescue pastures (Cynosurion cristati). Extensively used 
meadows and pastures still dominated up until a few decades ago. On silicate sites these included 
matgrass communities and other silicate short-grass meadows (Violion caninae), on calcareous 
sites mown or grazed (dry) calcareous grassland (montane Mesobromion and short Trisetion 
communities). 

The short-grass meadows of the mountains have been increasingly afforested with conifers since 
the 1960s, on drier sites usually with pines (Pinus sylvestris, P. nigra), on more mesic upland sites 
mostly with spruce (Picea abies). On sparse grasslands where traditional use has been abandoned, 
succession has progressed to deciduous woody species (Sorbus aucuparia, Salix caprea, Corylus 
avellana etc.) and/or conifers (Pinus sylvestris, Picea abies). 

Characteristic structural elements and substitute communities of the cultivated beech forest land-
scape also include scrub, hedges and pioneer woods of differing composition: Crataegus spp., 
Rosa spp., Prunus spinosa, Corylus avellana, Salix caprea, Sambucus nigra, S. racemosa, Rubus 
spp., Euonymus europaea, Cornus sanguinea, in the west also Cytisus scoparius and Ulex spp.; on 
calcareous sites often with Viburnum lantana, Ligustrum vulgare, Rhamnus cathartica and Ber-
beris vulgaris. Roads and paths are often lined with avenues of broadleaved trees (Quercus robur, 
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Q. petraea, Tilia cordata, T. platyphyllos, Acer platanoides, A. pseudoplatanus, Fraxinus excel-
sior, Fagus sylvatica). 

Unlike on forest sites, spontaneous regeneration of beech forest stands on abandoned arable land 
and grassland sites usually does not proceed directly with beech regeneration. Instead, it occurs 
via successional stages with pioneer trees, the species assemblages of which depend on soil tro-
phic levels, altitude and geographic location. In the lowlands these include primarily Betula pen-
dula, Populus tremula and Sorbus aucuparia as well as Quercus robur, Q. petraea and (in more 
eutrophic situations) Carpinus betulus, while in the mountains these include Salix caprea, Sorbus 
aucuparia, Betula pendula, B. pubescens subsp. carpatica, Sambucus racemosa, Crataegus spp., 
Rosa spp., Corylus avellana and Prunus spinosa. 
 
Nature conservation 

Common beech forests represent the predominant natural ecosystem within the temperate zone of 
Europe and are endemic to western and Central Europe. They occupy the largest area of all of the 
summer-green deciduous forests of Europe and have the broadest amplitude with regard to soil 
trophic status and altitudinal distribution (see Maps 9 & 10). Their distribution strongholds and 
diversity centres lie within western Central Europe (Germany, Belgium, eastern France, Switzer-
land, Austria, the Czech Republic). In Germany, they would naturally cover about 66.5 % of the 
country’s area in the absence of human influence (see Table 15). With respect to species diversity, 
however, their stronghold lies is in the south-eastern Alps and in the western Balkans, since these 
locations as well as central Italy were presumably the most important refuges during the ice-ages 
from which the forest recolonisation of Central Europe started after the glaciers retreated (cf. 
LANG 1994). 

The preservation of intact beech forest ecosystems over the entire range and variety of their eco-
logical and geographic forms represents a major task of European nature conservation to be real-
ised amongst others by the International Convention on Biological Diversity (CBD). In addition to 
the maintenance of natural species diversity and the typical beech forest biocoenoses in represen-
tative and sufficiently large stands, it has also been concerned with ensuring the genetic diversity 
of the organisms that live there. Protection of their genetic diversity is particularly important both 
for economic reasons and in order to guarantee the adaptability of the common beech towards 
new environmental conditions that might arise from climatic changes. 

Strictly protected beech forests, influenced as little as possible by humans (so-called natural forest 
reserves or wilderness areas) are also intended as reference areas in which natural forest structure 
and developmental dynamics can be studied and they can serve as ecological baselines for ex-
ploited or damaged forest stands. 

This has resulted in the task of creating a representative network of protected areas with suffi-
ciently large near-natural beech forest stands over the entire range of beech forests in complex 
with their regionally specific natural accompanying vegetation. If at all possible this should in-
clude all forms present within different altitudinal belts and different parts of the entire range, and 
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should consist of areas that are reasonably proportioned with respect to the potential distribution 
of the various beech forest types. 

Important instruments for this are different types of protected areas, including national parks, 
natural forest reserves, nature reserves and core zones of biosphere reserves. At a European level, 
the FFH guidelines play a decisive role in realising these goals and for allowing the associated 
construction of a coherent ecological network that has been termed “Natura 2000”. 

All countries that have significant proportions of the range of the beech forest are called upon to 
make an appropriate contribution to this conservation network. Countries which are in the core of 
the range and which contain particularly large areas (such as Germany) bear an especially great 
responsibility for protecting beech forest ecosystems. 

The systematic expansion and completion of the conservation network requires a thorough docu-
mentation of all remaining near-natural beech forest stands and a detailed analysis of the existing 
protected areas with respect to the forest types that are represented, their state of preservation and 
their protection status. Approaches have been made at a number of levels for this, e.g. the national 
park study of FÖNAD (1997) for Germany, the “Gap Analysis” of the WCMC/WWF (SMITH & 
GILLETT 2000) and the contribution of KNAPP (2003). 

No precise analysis has yet appeared for Europe as a whole. The most detailed might yet turn out 
to be the one being conducted for implementing the EU FFH directive, for which contributions 
from individual biogeographic regions are currently being analysed for those countries that have 
reported in. The vegetation map of Europe as such offers an ideal basis for analysing the current 
status and systematically completing the network of protected beech forest areas. 

For Germany, a number of investigations have shown that – apart from the relatively small natural 
forest reserves and nature reserves, which nevertheless contain a broad spectrum of beech forest 
types – there is a lack of large non-managed beech forest reserves with a genuine long-term proc-
ess protection in place. 

The first German lowland beech forest national park (NP) was therefore established in 1990 in the 
form of the Jasmund NP (3000 ha) on the island of Rügen in the Baltic Sea. This was followed in 
1997 by the Hainich NP (7600 ha) in Thuringia. Mainly species-rich beech forests of the lowlands 
and hill country are represented in both reserves. An extension of the protected areas network to 
include mountane acidic beech forests has long been striven for with the planned Kellerwald NP 
in northern Hessia and is currently being undertaken with the establishment of the Eifel NP (9350 
ha) in North Rhine-Westphalia. Also, efforts have been made for some years by the BfN to place 
beech forests under strict protection within the scope of major nature conservation projects that it 
supports (protected areas of national representative importance) and to completely allow at least 
some areas to naturally develop. 

In other countries, where the beech forests are concentrated in higher uplands and high mountains, 
beech-dominated ‘primeval forest reserves’ and national parks have already existed for some 
time, in some cases dating back to former royal hunting parks. As such, a large proportion of the 
beech forests in the central and southern Apennines have been safeguarded in national parks (an 
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excellent example is the Abruzzia NP with its large near-natural beech forests). Well known pri-
meval forest beech stands, usually with admixtures of fir and sometimes spruce, are also to be 
found in the Czech Republic, Slovakia, Austria, Slovenia, Croatia and the Carpathian Mountains 
(cf. MAYER 1984). It is clear from this that at the eastern, south-eastern and southern peripheries 
of the beech forest range more has been done for the protection of the beech forest ecosystems up 
to now than has been done at the actual core of their distribution. Further information about repre-
sentative stands and protected areas can be found in the data sheets of the individual mapping 
units under the heading “Loci typici”. 
 
Classification into subunits 

With its 86 mapping units (MUs), the formation F.5 of the beech and mixed beech forests contains 
half of the entire formation F (with 172 MUs) and is as such the most heavily differentiated for-
mation in Europe. This is due on the one hand to the enormous ecological and phytogeographic 
spectrum occupied by common beech forests, and on the other to the long-standing and compre-
hensive study of these forest communities over almost their entire range. Countless publications 
and vegetation tables (from local to supraregional) have been published as well as a multitude of 
syntaxonomic classifications and associations, although no convincing treatment for the whole of 
Europe has yet appeared. For the present vegetation map of Europe it was therefore necessary to 
develop a plausible and universally applicable classification principle. The one chosen here repre-
sents a pragmatic compromise to serve the interests of cartographic representation, clarity, overall 
intelligibility and comprehensibility. It therefore differs in a number of points in the hierarchical 
classification from the customary syntaxonomic system (cf. section “Syntaxa”). 

Unlike the other formations, but consistent with the phytosociological system, the main subdivi-
sion is based initially on soil trophic status. Two floristically clearly distinct groups are distin-
guished, first the species-poor, oligotrophic to mesotrophic forests and second, the species-rich, 
eu(meso)trophic beech and mixed beech forests. Both occupy large areas (see Maps 11 & 12). 
The species groups characteristic for the different trophic and acidity levels were already men-
tioned in the section “Floristic composition”. There are, of course, fluid transitions between the 
‘poor’ and ‘rich’ beech forests, which depending on character, size and adjacent communities are 
assigned to one or the other group. In addition, the MUs always include vegetation complexes that 
also contain richer or poorer types. However, in some areas the acidic beech forests could not be 
satisfactorily differentiated from the basiphilous types during the processing of the map (e.g. in 
Corsica, southern Italy, the Balkans). 

The further subdivision of each of the two main groups was based on the prominent altitudinal 
belts characterised by altitudinal differential species, so-called lowland or upland species. The 
diagnostic and differential species are usually widely distributed and phytogeographically dis-
persed. The most important of these are listed in the subheadings of the legend and were already 
mentioned in the section “Floristic composition”. With the ‘poor’ beech forests there are of course 
fewer, while with the ‘rich’ forms there are more suitable altitudinal differential species. 
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Three altitudinal belts are differentiated: lowland(-colline), colline-submontane and montane-alti-
montane, that are reflected in the 1:2500000 vegetation map using a graded colour intensity 
from light to dark green for the beech forests (see Map 10). In the general 1:10000000 map how-
ever only two altitudinal belts (F5a and F5b) were distinguished. The differences in trophy within 
a single altitudinal belt have been depicted in the map using red markings (red curls and hatchings 
for the ‘poor’ wing, see legend sheet). 

With the species-poor acidic beech forests the lowland types (F75-F89) are characterised pri-
marily by the occurrence of oaks (Quercus robur, Q. petraea), in the Atlantic-sub-Atlantic region 
by Ilex aquifolium, Lonicera periclymenum, Teucrium scorodonia, and partly Luzula forsteri, and 
in the Central European province locally by Carex umbrosa. The lowland units (F75-F80) are 
mainly negatively differentiated by the absence of Luzula luzuloides, Senecio ovatus and Sambu-
cus racemosa. 

The montane-altimontane or upland types (F90-F103) are on the other hand differentiated by 
the absence of oaks as well as by the presence of associated tree species such as Acer pseudopla-
tanus, Abies alba and Picea abies (regionally) and herbaceous plants such as Polygonatum verti-
cillatum, Prenanthes purpurea, Luzula sylvatica, L. nivea (regionally), Rumex arifolius (region-
ally) and Calamagrostis villosa (in the Hercynian Mountains). 

With the species-rich eutrophic and eu-mesotrophic beech forests there are of course more 
plant species that are suitable for altitudinal differentiation (see above). For the lowlands (F104-
F127) there are in addition to the already mentioned tree, shrub and herb species also more nutri-
ent-demanding plant species with a widespread distribution: amongst the trees Carpinus betulus in 
the 2nd tree layer, locally Acer campestre, Tilia cordata, in the south-east also T. tomentosa; in 
the herb layer Stellaria holostea, Potentilla sterilis, Dactylis polygama, Galium sylvaticum, Cam-
panula trachelium, Carex montana, C. pilosa (regionally), Hedera helix etc. In thermophilous 
types warmth-loving and drought-resistant species such as Sorbus torminalis, Cephalanthera 
damasonium, C. rubra, Polygonatum odoratum, Anthericum ramosum, Vincetoxicum hirundi-
naria, Tanacetum corymbosum, Campanula persicifolia, C. rapunculoides also appear, as well as 
character and differential species with a regional distribution (e.g. Buxus sempervirens, Daphne 
laureola, Melittis melissophyllum, Carex alba, Calamagrostis varia, Cyclamen purpurascens, 
Helleborus niger). 

For the montane-altimontane types (F128-F160) more demanding herbs and tall forbs are also 
available for differentiation alongside the species already mentioned with the ‘poor’ beech forests: 
e.g. Ranunculus platanifolius, Petasites albus, Stellaria nemorum, Senecio nemorensis agg., Ci-
cerbita alpina, Athyrium distentifolium, Saxifraga rotundifolia, Adenostyles alliariae, A. glabra. 
Distinctively montane species appear in greater numbers particularly in altimontane types (F158-
F160). 

Within the individual altitudinal belts an additional differentiation into geographic variants 
marked by regional characterising and differential species is then carried out. These then also 
serve as characterising species for regional associations in the opinions of many authors (see sec-
tion “Syntaxa”). 
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The geographic subdivision of the mapping units within the two main groups of the ‘poor’ and 
‘rich’ beech forests is clearly illustrated using different colours in Maps 11 and 12. Here, closely 
related units were regionally combined into groups based on common geographic differential spe-
cies. Sometimes these also contain units of different altitudinal belts that are then separated using 
a semicolon when enumerating the MUs. The geographic denotation of the MUs was based on the 
floristic provinces and subunits (see Map 3) within which their range was located. In the 
1:2500000 map the geographic variants were not distinguished using symbols in order to main-
tain clarity, however, they have been clearly assigned using the number code of the MU. The or-
der of the MUs in each case reflects their geographic location from west to east and from north to 
south. 

The plant species important for characterisation and delimitation from neighbouring units are 
listed in the legend (in the name of the MU) and described in the data sheets. 

In addition to the geographic differentiation of the MUs within an altitudinal belt another subdivi-
sion into site-determined beech forest communities and complexes was also undertaken: on the 
one hand into ‘moist’ types, where they are of adequate size, and on the other into ‘thermophi-
lous’ types, usually orchid and blue moor grass-beech forests as well as their vegetation com-
plexes with mesophilous beech forests or other forest communities. Thermophilous types are dis-
played in the vegetation map with the help of a red dotted pattern. 

Since the formation of the common beech forests encompasses many mapping units we have re-
frained here from characterising the individual units, and the reader is referred to the full descrip-
tions in the data sheets for this purpose. In the following, however, examples are given of the par-
ticularly diverse classification of the beech forests in the Balkans, the area that represented the 
glacial refuge of the beech and its rich accompanying flora during the ice ages. 
 
Classification of the beech forests of the Balkans (E. Bergmeier) 

In the map of the natural vegetation of Europe, the beech and mixed beech forests are first subdi-
vided into mountain regions according to geographic-climatic aspects and their tree species com-
position, whilst edaphic site criteria play only a subordinate role because of the fact that such fac-
tors vary greatly over small distances, and these changes cannot be depicted on the scale of the 
map. The phytogeographic-climatic classification principle applied to the Balkans suggests a 
coarse subdivision of the beech forests located there into four phytogeographically and climati-
cally well-characterised regions: 

The Illyrian-Dinaric region includes the core and diversity centre of the European beech forest 
flora and vegetation. It stretches from Slovenia to Albania via Croatia, Bosnia-Herzegovina and 
Montenegro and runs parallel to the coastline of the Adriatic Sea, following the cordillera of the 
Dinarides. In Dalmatia, along a steep topographical-climatic gradient, the beech forests are often 
located only a few kilometres from the sclerophyllous vegetation of the Adriatic Sea. As their 
windward location might suggest, the climate at least in the western part is oceanically influenced 
and with high precipitation. 
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The range of the Moesian and Macedonian-Rhodopean beech forests stretches from Serbia 
and Banat (Romania) in the north-west (with outliers in southern Hungary) via Macedonia and 
Bulgaria to northern Greece. Only in the south do these beech forests approach closer than 200 
km to the sea, and the climate therefore has distinctively subcontinental traits. 

The range of the Hellenic as well as the Pindian and Pelagonian beech forests in the south of 
the Balkan Peninsula is broken up into islands and reaches from southern Albania and southern 
Macedonia along the Hellenides to the central Greek mountain ranges in the south with Oxia in 
the west and Pilion in the east. The Mediterranean climatic influence with noticeable summer 
aridity is characteristic. 

The Euxinian beech forest range extends as far as the European part of Turkey and eastern Bul-
garia (Istranca Mountains) in the east. The climate is weakly continental with a Mediterranean 
influence, influenced strongly by the Black Sea and is as such humid, warm and foggy. Western 
outposts of the Oriental beech (Fagus sylvatica subsp. orientalis) exist here (these vegetation units 
are dealt with in formation F.6). 
 
Illyrian-Dinaric and Dalmatian beech and mixed beech forests (F143, F144, F150, F158, 
F159) 

The fir-beech (F143) and pure beech forests (F144) of montane locations in the Illyrian-Dinaric 
region are the most significant beech forest units of south-eastern Europe as far as size is con-
cerned. To the south they border on the southern Alpic-Illyrian fir beech forests (F142) and like 
these they are exceptionally rich in mesophilous herbaceous species that are typical for broad-
leaved (and sometimes specifically beech) forests, of which more than a few occur chiefly or even 
exclusively in this region (Anemone trifolia, Cyclamen purpurascens, Cardamine trifolia, C. 
waldsteinii, C. kitaibelii, Epimedium alpinum, Erythronium dens-canis, Hacquetia epipactis, Hel-
leborus dumetorum subsp. atrorubens, Knautia drymeia, Lamium orvala, Omphalodes verna, 
Vicia oroboides). The number of Illyrian species in the herb layer decreases in the southern part of 
the range of these units. Like the beech itself, many of its herbaceous companions survived glacial 
periods in refuges in the Illyrian-Dinaric region from which they spread out in the postglacial pe-
riod particularly towards the north. Mixed fir-beech forests (F143) are most widely distributed on 
calcareous soils and other base-rich sites from Slovenia to Albania, while pure beech forests 
(F144) occur chiefly in central parts (Bosnia, Montenegro) and at lower altitudes. 

On sunny, usually steep wind-exposed localities on the Dinaric karst between the Italian-
Slovenian border and Montenegro, the fir (Abies alba) disappears as a forest tree. However, the 
competitiveness of the beech is also reduced on the usually rather shallow brown earths and 
rendzinas to such an extent that sub-Mediterranean species like Fraxinus ornus, Ostrya carpinifo-
lia and Acer obtusatum become scattered in the tree layer (F150). 

In high montane locations and close to the tree line, the quality of the tree growth progressively 
deteriorates; because of snow pressure the beech often grows in a sabre-like form until it is even-
tually gnarled and shrub-like. Apart from the beech and the fir (Abies alba), spruce (Picea abies) 
and sycamore (Acer pseudoplatanus) also number amongst the stand-forming species (F158). In 
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the south, the fir disappears and in its place Acer heldreichii and Picea abies participate in stand 
construction (F159). 
 
Moesian and Macedonian-Rhodopean beech and mixed beech forests (F89, F103; F122-F124; 
F151-F154, F160) 

Unlike the Illyrian-Dinaric beech forest range, the Moesian is less contiguous, and the individual 
incidences are more isolated and less uniform climatically and geologically. The flora consists of 
fewer south-eastern European taxa apart from the underlying complement of species that are also 
distributed in Central Europe. Characteristic, central Balkan-Moesian species of the herb layer are 
rare: Symphytum ottomanum, Doronicum austriacum, Pulmonaria rubra. The beech itself also 
becomes more variable, with an increasing variety of combinations of morphological characteris-
tics, suggesting introgressive influence of the Oriental beech (Fagus sylvatica subsp. orientalis). 
Such populations are differentiated as Fagus sylvatica subsp. moesiaca, but are in any case of 
little taxonomic or practical value, even if statistically demonstrable. 

The Moesian beech forests are subdivided into acidic and basiphilous types, as well as colline-
submontane and montane-altimontane types. 

Pure beech forests are widespread (F123) particularly in Banat (Romania) and in the Bulgarian 
Balkan Mountains (Stara Planina) in submontane locations. They occur at lower altitudes only as 
islands from southern Hungary to the Macedonian-Serbian-Bulgarian border region where they 
are replaced by mixed beech forests in which Tilia tomentosa, Quercus petraea, Carpinus betulus, 
Sorbus torminalis and Quercus cerris can participate (F124). Anthropogenic influence generally 
increases the proportion of these companion tree species. 

In the higher montane areas of Serbia, Macedonia and western Bulgaria beech forests and mixed 
beech forests with oak and lime are replaced by luxuriant altimontane forests in which fir (Abies 
alba) and maples (Acer pseudoplatanus, more rarely A. heldreichii and A. platanoides) occur as 
companions to the beech (F103). Where the spruce (Picea abies) is represented in the altimontane 
mixed coniferous beech forests at the south-eastern edge of their range in Europe, such as in the 
Rhodopes and other mountains of south-western Bulgaria (F153), this suggests a more continental 
climatic character. However, spruce is absent in the Macedonian altimontane beech forests (F160) 
which extend to northern Greece and Albania. 

The Macedonian-Thracian beech and fir-beech forests (F154), sometimes with Acer pseudoplata-
nus, represent the most frequent beech forest unit in the southern Moesian region. These extend 
from Kosovo via Macedonia and southern Bulgaria to northern Greece and colonise various sili-
cate and carbonate soils. In the southern part of its range, where the Mediterranean climatic char-
acter increases, Abies borisii-regis (a morphological and ecological intermediate between Abies 
cephalonica and A. alba) replaces the silver fir as the dominant conifer. The beech is represented 
by forms of F. moesiaca, although in north-eastern Greece the influence of the Oriental beech 
increases, such that in the eastern Macedonian-Thracian province Fagus sylvatica subsp. orien-
talis is the stand-forming tree species, typically in submontane locations that are otherwise no 
longer colonised by the beech at these latitudes. 
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A further, montane to altimontane fir-beech forest unit with Abies alba and locally also Picea 
abies is found further north at the eastern margin of the Dinarides and especially in Bulgaria 
(Stara Planina) (F151). Acer pseudoplatanus and A. heldreichii are characteristic for the forms at 
higher altitudes. 

In south-western Serbia and Kosovo, fir-beech forests (F103, F151) occur upslope of acidic ses-
sile oak-beech forests (F89). This is the southernmost mapping unit of submontane acidophilous 
beech forests in the Balkans, however, acidophilous beech forests with a sparse herb layer do oc-
cur at montane altitudes further to the south in the Moesian region and even as far as the southern 
limit of the beech’s distribution within the range of the Hellenic beech forests. 

Two vicarious units have a noticeably xerothermic character within the range of Moesian beech 
forests of which one (F122) has only a single cartographically representable occurrence in Monte-
negro while the other (F152) is more widely distributed and expansive and occurs further to the 
south-east (Kosovo, Serbia, Macedonia, Bulgaria). Sub-Mediterranean companion tree species 
such as Ostrya carpinifolia, Fraxinus ornus, Sorbus torminalis, Acer obtusatum and A. hyrcanum 
are common to both, while Corylus colurna is a special feature of the eastern unit. 
 
Hellenic beech and fir-beech forests (F155, F156) 

The southernmost beech forests of the Balkan Peninsula are represented in the map of the natural 
vegetation of Europe by two vicarious units, the Pindian (F155) and the Pelagonian (F156) beech 
and fir-beech forests. Of course, the proportion of Mediterranean species and thermophilous types 
of the beech forest communities increases in the Hellenic region depending on the macroclimate. 
As always, however, the entire edaphic spectrum from acidic to calcareous beech forests is repre-
sented. The Hellenic beech and fir-beech forests are floristically independent, not so much due to 
the presence of character species, but more due to a specific combination of south-eastern Euro-
pean beech forest species and a high incidence of Balkan and sub-Mediterranean floristic ele-
ments (cf. BERGMEIER & DIMOPOULOS 2001). 

Unit F155 encompasses the western Hellenic beech and fir-beech forests and stretches from 
south-eastern Albania and southern Macedonia via north-western Greece (Pindos mountains) up 
to the central Greek Oxia Mountains, named after the Greek word for ‘beech’. Its habitats are 
chiefly mesotrophic to eutrophic soils over flysch. The Pindian beech forests differ from the re-
maining Hellenic and Moesian variants in that they feature species occurring on both sides of the 
Adriatic (Acer obtusatum, Campanula trichocalycina, Geranium versicolor, G. reflexum) and 
resemble the southern Apennine-Sicilian unit (F148) with respect to their species composition. 
They are differentiated from the latter, however, by the occurrence of Abies borisii-regis. 

The eastern Hellenic (Pelagonian) beech forests (F156) appear like the western Hellenic variants 
as beech or fir-beech forests with Abies borisii-regis, whereby the proportion of fir increases to 
the south. The usually small occurrences in montane-high montane locations are strung out along 
the north-western Aegean like islands of an archipelago. 
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F.6 Oriental beech forests and hornbeam-Oriental beech forests (Fagus sylva-
tica subsp. orientalis, Carpinus betulus) 

Armen G. Doluchanov, with contributions by Udo Bohn 

Characterisation and typological delimitation; geographical distribution 

This group consists of montane deciduous forests in the area of the Black and Caspian Seas domi-
nated by Oriental beech (Fagus sylvatica subsp. orientalis), a species closely related to the beech 
(Fagus sylvatica subsp. sylvatica) with its transitional forms (Fagus sylvatica subsp. moesiaca). 

Oriental beech forests are associated with humid, rainy and warm-temperate environmental condi-
tions in areas climatically influenced by the Black and Caspian Seas. Its area of distribution ex-
tends from west Euxinian Bulgaria and the European part of Turkey (Istranca Mountains) across 
northern Anatolia (Pontic Mountains) to the Lesser and Great Caucasus as well as along the 
southern coast of the Caspian Sea (Talish and Elburz Mountains, see Map 9). The main distribu-
tion of forest stands dominated by Oriental beech is in the montane zone between thermophilous 
oak or mixed oak-hornbeam forests and the mountainous coniferous forests or subalpine hard-
wood vegetation. In the extremely humid areas in the southern and eastern regions of the Black 
Sea, the Oriental beech forests are characterised by a more or less dense undergrowth of evergreen 
shrubs, particularly Rhododendron ponticum and Prunus laurocerasus. The forest flora displays a 
range of endemic and ancient species particularly concentrated in the Colchic and Hyrcanian flo-
ristic provinces. 
 
Stand structure and physiognomy; floristic composition 

Primeval forests and semi-natural stands of Oriental beech forest little affected by humans are as a 
rule uneven-aged and multi-layered. More or less even-aged stands cover at best only small areas. 
Individual beech trees can reach an age of 350 years in mixed-aged forests, although individuals 
over 280 years old are rare. The canopy closure of semi-natural forest stands can be very dense, 
but seldom exceeds 80 %. Depending on the site, the height of old stands ranges between 20 and 
35 (40) m, whereby the tallest trees can even reach 50 m. Trunks of more than 1.3 m diametre are 
rare. 

If climatic and soil conditions are optimal for the Oriental beech, stands may be monodominant, 
but as a rule the tree layer consists of one or several mixed tree species. The Oriental beech is 
accompanied by the hornbeam (Carpinus betulus1) across almost its entire range, whereby the 
proportion of hornbeam is at its highest at lower elevations as well as on dry and sunny slopes. A 
greater participation of hornbeam can often be attributed to artificial thinning. In addition to the 
hornbeam the following tree species may also occur as supplements to the first or second tree 
layers: Tilia begoniifolia, Acer platanoides, A. cappadocicum, A. pseudoplatanus, Fraxinus excel-
sior, in parts Castanea sativa, Tilia cordata, and in the Balkans Tilia tomentosa. Where contact is 
made with montane coniferous forests (D32, D33, D64), Abies nordmanniana and Picea orien-

                                                            
1  Carpinus caucasica of Russian and Georgian literature is synonymous with C. betulus. 
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talis (at higher locations) appear as admixed tree species, as does Acer trautvetteri where the for-
mation borders on subalpine vegetation (C41-C46). Until recently, Ulmus glabra was occasion-
ally admixed (particularly in ravines and on debris slopes), but its populations have largely been 
destroyed over the last decades as a result of fungal attack (Graphium ulmi Schwarz). In places 
cleared by man or natural disasters one often finds Populus tremula, Prunus avium and other pio-
neer tree species. Relict species such as Corylus colurna and Taxus baccata are on the whole rare, 
but locally frequent. 

The composition of the tree species accompanying the Oriental beech varies depending on eleva-
tion and geographical location. In the Balkans and in the Talish Mountains it tends to deviate 
more from the above listed spectrum of species. In the Hyrcanian Oriental beech forests, the en-
demic Acer velutinum and Quercus castaneifolia are also admixed as associated tree species (cf. 
F166). Compared to the beech forests of Central Europe, the two oak species Quercus robur and 
Q. petraea are missing from the southern Caucasus. Quercus iberica is present in their place, but 
avoids the shady beech forests. 

Of the higher shrubs of nemoral forests, only Corylus avellana and Sambucus nigra occur regu-
larly. However, in the same way as the endemic shrub species Philadelphus caucasius, Staphylea 
colchica and Euonymus leiophloea, they only develop luxuriantly at locations where the tree layer 
has remained thinned for a long time. In the humid Colchic climate, the undergrowth consists 
primarily of evergreen shrubs of the relict Colchic floristic elements such as Rhododendron ponti-
cum, Prunus laurocerasus and Ilex colchica. Several deciduous endemic shrub species (Vaccin-
ium arctostaphylos, Viburnum orientale) are particularly closely associated with Oriental beech 
forests. Most woody plants of the Colchic-Euxinian undergrowth are polycormic and spread read-
ily with even minimal thinning of the canopy, inhibiting natural forest regeneration. On slopes, 
however, they play a major role in protecting against soil erosion. Endemic ivy species that often 
climb into the tree crowns are characteristic for Caucasian beech forests of humid and semi-humid 
climates up to altitudes of 1000 m (Hedera colchica, in the east H. pastuchowii). 

Considering the great variety of habitat conditions within the range of Oriental beech forests, the 
species diversity of the herb layer is rather limited. This can be in part attributed to the influence 
of dominant tree species that tend to balance out or conceal habitat differences. Together with 
numerous species typical for Central European beech forests (e.g. Galium odoratum, Dryopteris 
filix-mas, Melica uniflora, Cardamine bulbifera, Impatiens noli-tangere, Circaea lutetiana) one 
can also find a number of Oriental beech forest-specific species suitable for the differentiation of 
vertical, edaphic or regional expressions. There are also herb species that tend to become very 
abundant in specific habitats and under specific conditions: Festuca drymeja, Rubus hirtus, 
Pachyphragma macrophyllum, Brachypodium sylvaticum, Athyrium filix-femina, Oreopteris lim-
bosperma, Matteuccia struthiopteris and Petasites albus. Other persistent species, usually with 
only a small degree of cover, include Poa nemoralis, Luzula forsteri, Cephalanthera longifolia, C. 
rubra, Neottia nidus-avis, Polygonatum orientale, Cardamine impatiens, C. quinquefolia, Eu-
phorbia macroceras, Sanicula europaea, Salvia glutinosa, Calamintha grandiflora and Paris in-
completa. 
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The moss layer is usually weakly developed and species-poor; ground covering mosses are rare. 
The composition of the saprophytic and epiphytic species as well as saxicolous mosses is not cor-
related with the vegetation type. The lichen flora on tree trunks and in the crowns is by contrast 
quite species-rich, particularly at higher elevations. 

The flora of the Oriental beech forests exhibits many species in common with Central and south-
eastern European beech forests. The diversity of vascular plants in the Oriental beech forests is 
clearly characterised by numerous geographic (sometimes regionally endemic) differential spe-
cies. Besides such species as the dominant vicariant Fagus sylvatica subsp. orientalis, the flora is 
differentiated by admixed tree species such as Quercus hartwissiana, Q. castaneifolia, Tilia bego-
niifolia, Acer cappadocicum, A. velutinum, shrubs such as Rhododendron ponticum, R. ungernii, 
R. luteum, Prunus laurocerasus, Ilex colchica, I. stenocarpa, I. hyrcana, Buxus colchica, Vaccin-
ium arctostaphylos, Viburnum orientale, Daphne pontica, Philadelphus caucasicus, Staphylea 
colchica, Rhamnus imeretina, Lonicera steveniana, Ruscus colchicus, Hedera colchica, H. pastu-
chowii, and herbaceous plants such as Pachyphragma macrophyllum, Trachystemon orientalis, 
Cardamine quinquefolia, Symphytum ibericum, Polystichum woronowii, Epimedium pubigerum, 
Aristolochia iberica, Brunnera macrophylla. Some of the geographical differential species (e.g. 
Ilex colchica, Ruscus colchicus, Cornus sanguinea subsp. australis, Lonicera steveniana, Corylus 
colchica, Asarum ibericum, A. intermedium, Paris incompleta, Primula woronowii, Campanula 
rapunculoides subsp. cordifolia) have similar western and Central European counterparts with 
which they form geographically vicariant species pairs. 
 
Position in the phytosociological system (syntaxa) 

HORVAT, GLAVAČ & ELLENBERG (1974) established the alliance Rhododendro pontici-Fagion 
orientalis for the southern Euxinian Oriental beech forests of south-east Europe (main distribution 
in the Istranca Mountains). They recognised two associations: 1) the ‘zonal’ Caucasian Whortle-
berry-Oriental beech forest (Vaccinio arctostaphyli-Fagetum orientalis, corresponding to F161) 
and 2) the ‘azonal’ Rhododendron-Oriental beech ravine forest (Rhododendro pontici-Fagetum 
orientalis, corresponding to F162). PASSARGE (1981), whose vegetation relevés came from the 
southern slope of the central Great Caucasus (area of mapping unit F164), subdivided the alliance 
Rhododendro pontici-Fagion orientalis established by HORVAT, GLAVAČ & ELLENBERG (1974) 
for the syntaxonomic classification of Caucasian Oriental beech forests into three suballiances that 
reflect the altitudinal belts: Orvo-Fagenion orientalis, Dentario-Fagenion orientalis and Petasito-
Fagenion orientalis. For the acidophilous Oriental beech forests he established the alliance Vac-
cinio-Fagion orientalis (Zohary 1973) Passarge 1981. He combined both alliances into the order 
Rhododendro pontici-Fagetalia orientalis (Soó 1964) Passarge 1981 and placed them into the 
class Carpino-Fagetea orientalis (Zohary 1973) Passarge 1973. 
 
Macroclimatic factors 

The annual mean temperature reaches 4-6 °C at the upper distribution limit of the Oriental beech 
forests (except for the Hyrcanian and western Euxinian forests), the January mean ranges between 
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-5 and -8.5 °C, while the July and August means are 12.5-13.5 °C. At the lower limit with the 
most humid climate, the corresponding values are 13-14 °C (annual), 4-5 °C (January) and 22-
23 °C (July/August). 

In the subcontinental climate area the annual mean is 10-12 °C, the January average is -1.5 to 
3 °C, and the August average is 19-21°C. Depending on the continentality of the climate, the an-
nual amplitude of monthly average temperatures varies at the lower distribution limit between 16 
and 23.5 °C, and at the upper limit between 17.5 and 22 °C. 
 
Habitat conditions 

Oriental beech forests grow on various geological substrates and in different topographical situa-
tions. They are best developed on slates and limestones. Most of the stands that remain preserved 
today are associated with steep slopes with inclinations of 20-38˚. They are only rarely encoun-
tered on gentler slopes (inclination < 15˚), since such sites are often anthropogenically utilised. On 
the more or less flat terraces of stream valleys, on lower slopes and in ravines, the beech is usually 
accompanied by other tree species. Oriental beech forests moreover play an important role in wa-
tershed protection in the mountains. 

The soils are mostly skeletal, moderately acidic to neutral brown earths (cambisols), or may also 
be leached, somewhat podzolic or pseudogleyed. 
 
Role in shaping the landscape 

The expressions of Oriental beech forest are very diverse despite the relative paucity of vascular 
plants. Three aspects are involved in their differentiation: 

a) regional macroclimatic differences, 

b) the altitude-related climatic sequence, 

c) the habitat properties (exposure, microclimate, trophic status, water balance, depth and skeletal 
content of the soils). 

In the extremely humid climate of the Colchis, the Oriental beech forests have an altitudinal range 
from 0 to almost 2200 m; they occur from sea level, where a markedly warm-temperate climate 
prevails, right up to the subalpine climatic forest line. However, the mapping units of formation 
F.6 only cover that part of the Oriental beech range where Fagus sylvatica subsp. orientalis pre-
dominates as the forest-forming species. 

The main distribution area of the Oriental beech forests lies between (900)1000 and 1500 
(1600) m above sea level. In humid climates the lower limit reaches about 600 m above sea level, 
while in the most humid areas with annual precipitation of 1500-3000(4500) mm, this limit drops 
locally to about 400-300 m. In subcontinental climates (annual precipitation 650-700 mm) the 
lower limit only extends down to about 1200-1300 m above sea level. 

The upper limit in areas adjoining coniferous forests lies at about 1500(1600) m, whereas in the 
hyperhumid areas of the Colchis, where coniferous forests are lacking as the uppermost forest 
layer, the upper limit lies at about 2000 m. Here, the beech forests form krummholz due to the 
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high snow levels in the winter; the evergreen undergrowth is protected from frost damage by the 
snow cover. 

At lower altitudes the Oriental beech forests are replaced by Caucasian mixed hornbeam-oak for-
ests (F168-F171), hornbeam-chestnut-oak forests (F165) or Colchic or Hyrcanian mixed oak for-
ests (H1-H3), depending on the climatic area. In less humid climates they prefer to colonise north-
facing slopes and shaded ravines, while dry and sunny slopes are characterised by thermophilous 
hornbeam, hornbeam-oak or oak forests. 
 
State of preservation, nature conservation 

Relatively large stands of Oriental beech forests that were little impacted by human activity ex-
isted in Transcaucasia and also in parts of the northern Caucasus until the 1940s. Today, only a 
few remnants remain preserved. Most of the well-growing stands were felled, so that only those 
that were less productive remained standing. Forests with a largely natural stand structure still 
exist in small areas in some strictly protected nature reserves and national parks in the Caucasus 
region (e.g. Kavkazsky, Ritsa, Gumista, Lagodekhi, Zakatala, Borjomi), as well as locally in 
poorly accessible mountainous areas. 
 
Classification into subunits 

The formation F.6 of the Oriental beech forests and hornbeam-Oriental beech forests contains in 
all six mapping units. These are differentiated mainly according to structural features (presence or 
absence of evergreen undergrowth, complexes of different forest communities) and according to 
their specific geographically, ecologically and historically determined species combinations. 

Two units (F161, F162) occur in the western Euxinian area, in eastern Bulgaria and north-western 
Turkey. In their shrub and herb layers they feature many species that are also common to Colchic 
Oriental beech forests, from which they can be distinguished by the climatically determined pres-
ence or absence of an evergreen undergrowth consisting of Prunus laurocerasus and Rhododen-
dron ponticum. A geographical differential species for these units is Tilia tomentosa. 

Three units (F163-F165) are distributed over wide areas in the Great and Lesser Caucasus. F163 is 
distinguished by evergreen shrub undergrowth and numerous endemic Colchic species and relict 
plants. It colonises the particularly humid and precipitation-rich western parts, especially the 
slopes facing the Black Sea at the edge of the Colchis. The unit occupies the montane belt be-
tween the hygrophilous Colchic mixed deciduous forest with evergreen undergrowth (H1, F169) 
and the high montane coniferous forests with Abies nordmanniana and Picea orientalis (D32, 
D33) as well as the subalpine krummholz vegetation with Quercus pontica, Betula medwediewii, 
B. litwinowii and Rhododendron caucasicum (C41, C42, C45). 

Mapping unit F164 typifies the montane deciduous forest belt as a nearly continuous belt on the 
northern slopes and eastern south-facing slopes of the Great Caucasus, and on the north-east-
facing slope of the Lesser Caucasus. Of all the units of Oriental beech forests, this unit covers the 
greatest expanse and the widest spectrum of habitats. Evergreen undergrowth and its associated 
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Colchic species are largely lacking (except in a few exceptional locations) owing to the lower 
precipitation and the less humid nature of the climate. Instead, more widely distributed mesophi-
lous tree and herb species such as Corylus avellana, Sambucus nigra, Rubus hirtus, R. caucasicus, 
Festuca drymeja, Galium odoratum, Circaea lutetiana, Cardamine bulbifera, C. quinquefolia, 
and Melica uniflora play an important role. Higher up, adjoining vegetation includes primarily 
subalpine mixed birch forests (Betula litwinowii, Acer trautvetteri, C41, C43, C44, C46), pine 
forests (Pinus kochiana, D64) and, in the Lesser Caucasus, oak scrub forests (Quercus macran-
thera, F172). Lower down, contact is made with thermophilous hornbeam-oak forests (F167, 
F168, F170) and forest steppe (L8). 

Mapping unit F165 occurs only in the Alazani river watershed on the southern slope of the eastern 
Great Caucasus. It forms the transition between the montane Oriental beech forests (F164) and the 
thermophilous Transcaucasian mixed oak forests with Quercus iberica, Carpinus betulus and C. 
orientalis (F170). These deciduous forests already exhibit elements of the Hyrcanian mixed for-
ests, such as Acer velutinum and Hedera pastuchowii. 

Mapping unit F166 is restricted to the montane belt of the Talish Mountains. The Oriental beech 
forests contain here numerous endemic Hyrcanian species (Acer velutinum, Hedera pastuchowii, 
Danae racemosa etc.) and are adjacent to or alternate with Hyrcanian mixed deciduous forests 
(H2, H3) with Quercus castaneifolia, Parrotia persica and Zelkova carpinifolia. Mountain steppe 
and thorn-cushion communities (M11, N8) follow on higher up and towards the interior of the 
mountain range. 
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F.7 Caucasian mixed hornbeam-oak forests (Quercus robur, Q. petraea, Q. 
iberica, Q. pedunculiflora, Q. macranthera, Carpinus betulus, C. orientalis 
etc.) 

Armen G. Doluchanov, with contributions by Udo Bohn 

Characterisation and typological delimitation; geographical distribution 

This formation includes all mesophilous, thermophilous and xerophytic Crimean-Caucasian 
mixed hornbeam-oak forests. The forests are very varied with respect to their species composition 
and habitat requirements. Geographical and phytogeographical aspects in particular play a deci-
sive role in determining their composition. 

The dominant tree species of the individual mapping units are however not restricted to the Cau-
casus. The only tree element that these mixed oak forests have in common is the hornbeam 
(Carpinus betulus), which has up to now been considered as the geographically independent Cau-
casian hornbeam (Carpinus caucasica) in the literature. This was a major reason for the recogni-
tion of a distinct formation of Caucasian mapping units within the mesophytic broadleaved forests 
(formation F). However, given our current state of knowledge, it would appear more appropriate 
to categorise and assign them to the mainly mesophytic hornbeam-oak forests (F.3 in the case of 
F167, F168, F171) as well as the thermophilous and xerophytic mixed oak forests (Formation G 
in the case of F169, F170) as independent geographical types. 

The range of this group of mesophilous to xerophytic mixed hornbeam-oak forests extends from 
the Crimean Mountains over the foothills and headland plains of the Great Caucasus (which it 
surrounds as an almost continuous belt), to the border mountains of the Lesser Caucasus and the 
Talish range (see Map 9). 
 
Stand structure and physiognomy; floristic composition  

This heterogeneous group of mapping units contains five different, in part closely related species 
of oak, which in one (to two) units acquire dominance or form mixed stands with hornbeams and 
other broadleaved tree species. These are Quercus robur, Q. pedunculiflora, Q. petraea, Q. 
iberica and Q. macranthera. Of these, Quercus robur and Q. pedunculiflora represent two closely 
related, geographically mutually exclusive (vicariant) oak species. Quercus robur forms forest 
stands in the plains and foothills of the northern Caucasus (F168). Q. pedunculiflora occurs as a 
stand forming species in the river valleys and headland plains of eastern Transcaucasia (F171). 
Both oak forest types are associated with fluvial and colluvial sediments (including floodplain 
terraces). They do not usually occur on mountain slopes formed from primary rocks, or at loca-
tions above 700 m. Apart from these ecologically similar requirements, the two types are in fact 
favoured by differing climatic conditions and spatially separated. Quercus petraea and Q. iberica 
are also vicariant species on the different sides of the main ridge of the Caucasus (F167 and F169, 
F170). Unlike the other mentioned oak species, these grow both in the foothills and mountains up 
to altitudes of 1000-1700 m. Above 1400 m, Quercus iberica is replaced in eastern Transcaucasia 
by Q. macranthera. This species, which is systematically isolated from the other oak taxa, ascends 
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to the upper forest limits at 2300-2600 m (F172). The Iberian (or Grusinian) oak (Quercus 
iberica) is very similar morphologically to the sessile oak (Q. petraea), and until now has usually 
been listed as a subspecies of the latter. However, it can be clearly distinguished eco-
physiologically by the fact that it is more drought resistant and thermophilous. It accordingly re-
places Quercus petraea as the forest forming species in the warmer and particularly summer-drier 
areas on the north-eastern and southern slopes of the Great Caucasus, colonising the driest forest 
sites. Presumably it was once also widespread in the currently forest-free steppe areas of Tran-
scaucasia. It forms both pure stands and mixed forests with hornbeam (Carpinus betulus) on more 
mesic sites and the Oriental hornbeam (C. orientalis) on warm, dry slopes. Other common mixed 
tree species include Acer cappadocicum, Sorbus torminalis and Fraxinus excelsior. Unlike the 
sessile oak in Central Europe, Quercus iberica never occurs together with Fagus sylvatica subsp. 
orientalis in closed forest stands, since it cannot compete with the Oriental beech for such suitable 
habitats. The shrub and herb understoreys of the Quercus iberica mixed forest are very species-
rich and diverse due to the amount of light filtered through the canopy and the microsite diversity. 
Numerous area-specific and endemic species can be found particularly over limestone as well as 
on harsh stony and rocky sites. 

The flora of the Crimean-Caucasian mixed oak forests is very species-rich. This is due on the one 
hand to the specific structure of the oak forests, and on the other to the fact that the Caucasian 
isthmus is located in the contact area between many different phytogeographical regions, specifi-
cally the Pontic, eastern sub-Mediterranean, Oriental and Turanian floristic regions. The area of 
the Caucasian isthmus includes several centres of species formation, including the Colchic, Hyr-
canian, Great Caucasian, Dagestanian, and Araxian centres. Other influences arise from contact of 
the mixed oak forests with other forest types, with forest steppes, with xerophytic montane vege-
tation, as well as with rock, scree and subalpine vegetation. This led in the past to the adaptation 
of some plants of originally open habitats to the habitat conditions found in oak forests. Within 
the range of the formation, more than 3800 vascular plant species have been documented, of 
which more than half grow in oak forests. 

The flora of the Crimean-Caucasian mixed oak forests is characterised first of all by a core suite 
of nemoral broadleaved forest species: Corylus avellana, Cornus mas, C. sanguinea subsp. aus-
tralis, Crataegus pentagyna, C. rhipidophylla, Frangula alnus, Euonymus latifolia, Galium odo-
ratum, Sanicula europaea, Solidago virgaurea, Carex digitata. In addition, Crimean-Caucasian 
floristic elements also play an important role, e.g. Acer cappadocicum, Crataegus microphylla, 
Achillea biserrata, Polygonatum glaberrimum, Clinopodium umbrosum, Lathyrus roseus, Cam-
panula rapunculoides subsp. cordifolia and Dactylorhiza euxina. Locally, regional endemic spe-
cies also play a major role, such as Acer hyrcanum, A. hyrcanum subsp. stevenii, Pyrus zangezura, 
P. syriaca, Carpinus schuschaensis, Lonicera iberica, Euonymus velutina, Dictamnus caucasicus, 
Lilium martagon subsp. caucasicum, Dioscorea caucasica, Centaurea dealbata, and various 
Epimedium species. They are concentrated in the limestone mountain ranges of the Colchis and in 
Hyrcania. A particular flora is also found in open hemixerophilous oak forests on dry, sunny 
slopes. 
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Position in the phytosociological system (syntaxa) 

A thorough syntaxonomic revision of the Caucasian mixed hornbeam-oak remains to be done. As 
already mentioned at the outset, some of the units could be assigned to the Carpinion betuli Issler 
1931 within the Querco-Fagetea (F167, F168, possibly F171) and the remainder, at least in part 
(F169, F170), to the Quercetalia pubescenti-petraeae Klika 1933 within the Quercetea pubes-
centis. 

PASSARGE (1981) assuming that the Carpinus species is separate and unique, established his own 
order (Lathyro-Carpinetalia caucasicae) with two alliances (Astrantio-Carpinion caucasicae, 
Crataego-Carpinion caucasicae) within the Querco-Fagetea for the Caucasian hornbeam and 
hornbeam-oak forests (RODWELL et al. 2001). 
 
Macroclimatic factors 

Because of the wide variety of habitats in the mapping units, the climatic data cover a broad range 
of conditions: depending on altitude, mean seasonal temperature lies between 6 and 14 °C near 
sea level, while in the high montane belt (F172) it is only between 2.5 and 6 °C. Correspondingly, 
the mean temperatures of the warmest month (August) are 16-25 °C (12-17 °C at high altitudes), 
while those of the coldest month are -3 to 6 °C; in high montane localities the mean temperature 
for the coldest month drops to -4 to -9 °C. Annual precipitation varies mostly between 450 and 
850 mm; in the Colchis the maximum lies around 2000 mm. 
 
Site conditions 

The relief in the area of the Caucasian mixed hornbeam-oak forests is quite diverse. It consists 
mainly of slopes of different exposure and inclination in colline-submontane to high montane 
locations (300-1600 m). The high montane unit F172 lies in the altitudinal belt between 1400 and 
2600 m. In addition, the Caucasian mixed hornbeam-oak forests also occur in the plains, on foot-
hill plateaux, on river terraces and floodplains and in scree areas (F168, F171). 

The soils as a rule are base-rich brown earths of varying depth, para-brown earths and rendzinas, 
as well as degraded black earths, pseudogleys and gleysols. 
 
Role in structuring the landscape, state of preservation, land use, substitute communities; 
nature conservation 

In the Crimean Mountains, the mixed hornbeam-oak forests form the zone between the thermo-
phytic Oriental hornbeam-downy oak forests and the montane beech forests. Depending on the 
geographical and climatic situation, the lower limits of the mixed hornbeam-oak forests of the 
Caucasus region border on forest steppe, steppe and desert, and to the west on the Black Sea as 
well as on hygrophilous, thermophytic mixed broadleaved forests of the Colchis. With increasing 
altitude they are mostly replaced by montane Oriental beech forests, although in the south (Lesser 
Caucasus) they can also be replaced by subalpine krummholz vegetation. 

Due to the long-standing effects of anthropogenic impact, forest stands today usually occupy less 
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favourable sites. The potential distribution areas of these forests in the Transcaucasian foothills 
and valleys have already been long settled by humans. As a result, mixed oak forests are missing 
almost completely from such places, and those that have been preserved even on less productive 
sites (poor and shallow soils) have usually been highly impacted by humans. Current stands and 
their substitute communities (e.g. coppice and scrub) can therefore only provide an inaccurate and 
incomplete idea about the structure and species composition of the natural mixed oak forests and 
their subunits. 

Depending on the extent of human influence, coppices of Carpinus betulus or C. orientalis and 
oak plantations appear as substitute communities for mixed oak-hornbeam forests. The ongoing 
destruction from timber exploitation and pasturing has led to the formation of ‘schibljak scrub’ 
with Carpinus orientalis, Cotinus coggygria, Cornus mas, C. sanguinea subsp. australis, 
Crataegus pentagyna and other shrubs. Further degradation leads to Bothriochloa ischaemum 
grassland and steppe-like vegetation. On sites with deep soils, forests have been converted to agri-
culturally usable areas with pastures, meadows and fields (grain, corn), as well as vineyards and 
orchards. 

Most contemporary oak forest stands have been established artificially. In some cases absolutely 
no natural regeneration is occurring. The mixed oak tree forests included until now in protected 
nature reserves represent only a tiny portion of the phytocoenotic variety of Crimean-Caucasian 
mixed hornbeam-oak forests. Nature reserves aiming to preserve and regenerate the semi-natural 
forest stands therefore need to be enlarged. 
 
Classification into subunits 

Classification into mapping units is performed according to the dominant tree species, characteris-
tic tree species combination, and ecological aspects. The units are ordered according to their geo-
graphic location running from north-west to south-east. 
 
F.7.1 Colline-submontane to montane types 

The Crimean-north Caucasian mixed sessile oak forests (F167) are primarily thermophilous to 
xerophytic broadleaved forests consisting of dominant Quercus petraea with various admixtures 
of Carpinus betulus, Fraxinus excelsior, Quercus pubescens and Carpinus orientalis, also with 
Quercus hartwissiana and Acer cappadocicum in the northern Caucasus. The main range is within 
the submontane belt on base-rich soils over carbonate rocks. They often stand in close contact 
with downy oak forests and xerophytic open coniferous forests as well as other semi-open drier 
vegetation. Beech forests usually take over with increasing altitude (in the CrimeaFagus sylvatica 
subsp. moesiaca, and otherwise F. sylvatica subsp. orientalis). Their range extends from the Cri-
mean Mountains through the western extensions of the Great Caucasus and isolated occurrences 
on the northern slopes of the Great Caucasus as far as Dagestan. 

Quercus robur and Carpinus betulus are the dominant species in the northern Caucasian peduncu-
late oak and mixed hornbeam-pedunculate oak forests (F168), often with the participation of 
Fraxinus excelsior and Acer cappadocicum. Their range resembles an interrupted belt at the 
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northern foot of the Great Caucasus. The habitats are mesic to moist, often on groundwater-
affected terraces or benches wet with standing water. Their structure and species combination 
suggest that they may be very similar to the moist pedunculate oak-hornbeam forests of Central 
and south-east Europe. They can be differentiated from the latter by Caucasian differential species 
(e.g. Acer cappadocicum, Pyrus caucasica, Helleborus caucasicus, Arum orientale, Convallaria 
transcaucasica). Contact communities at their lower altitudinal limit include forest steppe (L7, 
L8), herb-rich grass steppe (M1) as well as floodplain forests (U21), while at the upper altitude 
limit Oriental beech forests (F164) take over as a rule. 

Mapping unit F169 represents a complex of thermophilous to xerophytic mixed oak forest (Quer-
cus iberica with Carpinus betulus and/or C. orientalis) and meso- to hygrophilous mixed horn-
beam-chestnut-Oriental beech forest (Fagus sylvatica subsp. orientalis, Castanea sativa, Carpinus 
betulus), which is distributed on the lower and middle mountain slopes of the Colchis. This unit is 
inserted as a narrow, partly interrupted belt between the hygrophilous Colchic mixed forest of the 
lowlands (H1) and the montane Colchic Oriental beech forest with its evergreen understorey 
(F163). The xerophytic mixed oak forests are restricted in this complex mainly to shallow soils on 
dry, south-facing (i.e. sunny) slopes in areas facing away from maritime influence. The mixed 
hornbeam-chestnut-Oriental beech forests, by contrast, usually colonise the moister sea-facing and 
shaded slopes as well as the humid valleys and ravines. Unlike the mixed oak forests they are 
often characterised by an evergreen understorey. 

The mixed Quercus iberica forests of mapping unit F170 represent the most widespread and most 
strongly xerophilic broadleaved forest type of the Caucasus region. These forests are typical for 
the summer-warm and precipitation-poor mountainous areas of Transcaucasia as well as for the 
north-eastern slopes of the Great Caucasus. Here they form an almost continuous belt in the sub-
montane to montane altitudinal belts and where they are located between the naturally or anthro-
pogenically open forest regions to forest-free steppe and desert areas in the lowlands on the one 
hand, and the montane forests with Oriental beech, locally also fir, spruce and pine or Quercus 
macranthera (in the eastern Lesser Caucasus) on the other. Depending on altitude, exposure, in-
clination and soil depth of the slope sites, the combination of tree species varies within the map-
ping unit from xerophytic Carpinus orientalis-Quercus iberica shrub forests to monodominant 
Quercus iberica forests and meso-thermophilous Carpinus betulus-Quercus iberica forests. In 
addition to the ecological differentiation there is also geographical differentiation of the mixed 
oak forests within the mapping unit, with Anatolian and Hyrcanian floristic elements in the south-
ern and south-eastern parts of its range. 

Mapping unit F171 includes lush Carpinus betulus-Quercus pedunculiflora mixed forests with 
Ulmus minor on deep soils of mesic to moist habitats in valley bottoms, on headland plains and 
alluvial fans of the mountain rivers in the eastern part of the Great Caucasus. They contain in part 
Hyrcanian species such as Acer velutinum and Hedera pastuchowii. Quercus pedunculiflora is a 
close relative of Q. robur and replaces it in the warmer eastern Caucasus and eastern Trans-
caucasia. It has its main centre of distribution there in the hardwood alluvial forests (U22). 
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F.7.2 Altimontane type 

The east Transcaucasian altimontane mixed Quercus macranthera forests (F172) have their main 
area of distribution in the climatically more continental high altitudes of the eastern Lesser Cauca-
sus and also occur in small areas of the eastern foothills of the Great Caucasus. There they occupy 
an altitudinal belt between the montane Oriental beech forests and the subalpine shrub forests, or 
(in the far south) between the Carpinus-Quercus iberica forests and the subalpine krummholz 
vegetation. They also occur on northern slopes in the area of the Lesser Caucasian (northern Ana-
tolian) mountain steppes. Within this area they exhibit great diversity with respect to their struc-
ture and species composition. Depending on altitude, exposure and soil depth, they are dominated 
by only one or a few species. In lower areas they occur more as mixed forests, with Carpinus 
betulus, Fraxinus excelsior, Acer cappadocicum, A. platanoides, A. campestre, Tilia cordata, T. 
begoniifolia and other trees. Subalpine scrub and krummholz formations have been assigned to 
formation C (C46, C47). The forest communities are as a whole very species-rich with a core of 
widely distributed nemoral forest species as well as numerous regional and local Caucasian en-
demics. 
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G Thermophilous mixed deciduous broadleaved forests 
Nicolae Doniţă, with contributions by Udo Bohn, Thomas Raus and Heinrich Wagner 

Characterisation and typological delimitation; geographical distribution 

The thermophilous mixed deciduous broadleaved forests occur as the predominantly zonal vegeta-
tion in a variably broad, frequently interrupted belt between the mesophilous, mixed deciduous 
broadleaved forests in the north (Formation F), the forest steppes and steppes in the south-east 
(Formations L, M) and the Mediterranean evergreen, sclerophyllous broadleaved forests and scrub-
lands (Formation J) in the south (see Map 13 and general map 1:10 million). 

The forests included in this formation reach their most extensive development in terms of area cov-
ered and the diversity of types involved on the Balkan Peninsula and in the adjacent Pannonian re-
gion to the north. Their main range is in the sub-Mediterranean floristic region (see Map 3). 

Corresponding to their transitional position between the formations F, J and L, M their vegetation 
and sites can be characterised by the following features: 

1. The tree layer is mainly composed of thermophilous and/or drought-resistant summer- to winter-
green broadleaved tree species, mainly oaks with a chiefly submeridional distribution (with the 
exception of northern and subcontinental extensions and outposts of the dominant species Quer-
cus petraea or Q. robur). 

2. Meso- to eutrophic thermophilous or drought-tolerant herbaceous plants predominate in the gen-
erally species-rich herb layer, whereas mesophilous herb species (in contrast to most units of 
formation F) are largely absent. Central European and sub-Mediterranean floristic elements pre-
dominate. The proportion of Mediterranean and Pontic elements increases towards the south and 
south-east. The most closely related vegetation units of the temperate zone are thermophilous 
oak-hornbeam forests and forest steppes. In the south there are fluid transitions to the Mediterra-
nean sclerophyllous broadleaved forests and scrublands. 

3. Also with respect to the climate, the area of these forests occupies an intermediate position be-
tween the Central European temperate region and the Mediterranean and Pontic regions, though 
with fluid transitions in all directions. Prevailing temperatures are milder in winter and warmer in 
summer than in the temperate region. Winters are nonetheless colder than in the eu-
Mediterranean region, with regular periods of frost and snow, and summers are not as extremely 
dry as in the Mediterranean region and the Pontic-Turanian steppe and desert regions. 

Within the temperate mixed broadleaved forest zone, the units of formation G occupy the driest and 
warmest sites, and they are therefore considered to be particularly thermophilous here. Within the 
Mediterranean region, by contrast, they tend to be concentrated on the more precipitation-rich sites, 
with better summer water availability, in the supra-Mediterranean altitudinal belt. At higher alti-
tudes, these sites are frequently bordered by thermophilous to mesophilous beech forests of the 
Mediterranean region (particularly in northern Spain, southern Italy and Greece). 
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The majority of these forests are located on the three major peninsulas of the Mediterranean: the 
Iberian Peninsula (northern half), Italy, and the Balkan Peninsula. On the Mediterranean islands, 
forests corresponding to this formation occur primarily at higher elevations on Corsica, Sardinia and 
Sicily, but are absent on the Balearic Islands and on most Aegean islands (except for Euboea, 
Thasos, Samothrace and Imroz). 

As zonal vegetation the northernmost extent of these thermophilous mixed deciduos broadleaved 
forests is Central Europe. They cover relatively large areas in Austria, Slovakia, Hungary and Ro-
mania, with island-like occurrences – as extrazonal vegetation on microsites – in Switzerland, Ger-
many, the Czech Republic and especially Poland (particularly in the central and eastern part of the 
central Polish lowland). In France they also have broader offshoots to the north (as far as the Loire). 
The range of these forests extends to the east with isolated occurrences across the Crimean Penin-
sula, the southern slopes of the western Caucasus, and up to the north-eastern foothills of the Great 
Caucasus. In the southern Caucasus, small-scale occurrences and related units are incorporated into 
formation F.7. Outside of Europe such forests are widely distributed, particularly in Asia Minor. 

The range of this formation extends over 17 degrees of latitude (between 36˚ and 53˚ N) and 57 
degrees of longitude (between 9˚ W and 48˚ E). Across this broad span, there is a great degree of 
natural variation in the phytogeographic and site conditions, and the natural vegetation units are 
correspondingly diverse. 
 
Stand structure and floristic composition 

The floristic composition and stand structure of the thermophilous mixed deciduous broadleaved 
forests are extremely polymorphic. Substantial elements of the community structure are primarily 
thermophilous and deciduous Quercus taxa, although some are also winter-green: Quercus pubes-
cens, Q. dalechampii, Q. polycarpa, Q. cerris, Q. frainetto, Q. virgiliana, and Q. pedunculiflora, 
furthermore in the south-west Q. pyrenaica, Q. faginea, Q. faginea subsp. broteroi and Q. canarien-
sis, and in southern Italy and in the western Balkans the winter-green oak species Q. trojana. Quer-
cus petraea and Q. robur (as well as their hybrids with thermophilous oak species) occur as domi-
nant tree species, particularly in the northern and subcontinental section of the area, in disjunct out-
liers as well as at higher elevations (for example in the transitional zones to oak-hornbeam and 
beech forests). Beside the oaks, other thermophilous broadleaved deciduous trees assume domi-
nance or form a substantial proportion of the stand structure in certain regions and mapping units as 
subdominants. These include especially Fraxinus ornus, Ostrya carpinifolia and Carpinus orientalis 
in the central and south-eastern part of the range. Characteristically admixed tree species in large 
sections of the distribution area are Sorbus torminalis, S. domestica, S. aria, Ulmus minor, Acer 
campestre, A. monspessulanum, A. opalus, Prunus mahaleb and Pyrus pyraster. In addition, Buxus 
sempervirens appears in the west, along with Acer tataricum and Tilia tomentosa mainly in the more 
continental eastern section of the distribution area. In mesic forms or in contact with mesophilous 
summer-green mixed broadleaved forests, Carpinus betulus, Fraxinus excelsior, Acer platanoides, 
A. pseudoplatanus, Tilia cordata, Prunus avium or even Fagus sylvatica can be mixed in (see Ta-
ble16). 
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The thermophilous mixed deciduous broadleaved forests usually have a three-layered structure and 
form low-medium-growing stands (10-20 m), only rarely forming truly tall canopies. Where the 
stand is dense, the shrub or herb layer can be quite sparse so that the stands exhibit only two clearly 
defined layers. 

As a rule, Quercus species form the upper storey and admixed tree species the lower tree layer. In 
the forest stands encountered today, there is often heavy anthropogenic reduction of the proportion 
of Quercus species, and in some stands (e.g. Castanea sativa secondary forests) autochthonous tree 
species can be completely absent. Furthermore, the tree layer of many present-day stands has been 
opened due to thinning.  

The shrub layer is mostly well developed, owing to the naturally open canopy of Quercus species 
that allows more light to penetrate into the stand interior, and in part due also to anthropogenic thin-
ning. Characteristic and widespread shrubs are Cornus mas, Ligustrum vulgare, Viburnum lantana, 
Ruscus aculeatus, Crataegus monogyna, Prunus spinosa and Cotinus coggygria (in the south-east). 
Moreover in the west, Buxus sempervirens and Rubus ulmifolius also occur, in the east Paliurus 
spina-christi, Hippocrepis emerus subsp. emerus and subsp. emeroides, Pistacia mutica and Junipe-
rus excelsa. Not infrequently mesophilous shrubs such as Corylus avellana, Cornus sanguinea, and 
Euonymus europaea are also found in the shrub layer (see Table16). The southern mapping units 
frequently exhibit evergreen Mediterranean species in the shrub layer (e.g. Phillyrea latifolia, Arbu-
tus unedo, Pistacia terebinthus, P. lentiscus, Viburnum tinus, Erica arborea, Quercus coccifera). 

In the thermophilous summer-green mixed broadleaved forests, lianas and other climbers are fre-
quently encountered, although they do not attain any special structural importance. These include 
Hedera helix, Clematis vitalba, C. flammula, C. viticella, Tamus communis, Lonicera etrusca, L. 
caprifolium, L. periclymenum, Rubia peregrina, Smilax aspera, and Asparagus acutifolius (see Ta-
ble 16). 

The cover of the herb layer is variable. It is rich in species with a predominantly submeridional 
distribution. The most important are Lithospermum purpurocaeruleum, Lathyrus niger, L. venetus, 
Melittis melissophyllum, Tanacetum corymbosum, Silene coronaria, Potentilla micrantha, Vince-
toxicum hirundinaria, Brachypodium pinnatum, Physospermum cornubiense, Helleborus odorus, H. 
foetidus, Mercurialis ovata, Polygonatum odoratum, and Viola hirta. Commonly encountered forest 
grasses include Dactylis polygama, Brachypodium sylvaticum, Festuca heterophylla, Luzula forsteri 
and Poa nemoralis. Many other species serve to differentiate the mapping units regionally, such as 
Sesleria autumnalis, Helleborus multifidus, Symphytum ottomanum, Anemone apennina, Galium 
pseudoaristatum, Lathyrus laxiflorus, Heptatera triquetra, Ramonda serbica, Haberlea rhodopen-
sis, Scutellaria columnae, Pulmonaria visianii, Paeonia peregrina, Crocus flavus, and C. veluchen-
sis. Open woodland adjoining rocks or dry grasslands are characterised by species such as Iris 
variegata, Festuca rupicola, Stipa bromoides, Carex humilis, Veratrum nigrum, Vicia sparsiflora, 
Achillea clypeolata, and Delphinium fissum. In many thermophilous forests, mesophilous herb spe-
cies such as Viola reichenbachiana, Stellaria holostea, Melica uniflora, Euphorbia amygdaloides, 
Anemone ranunculoides, and Primula acaulis are also represented. 
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Table 16: Distribution of the most important tree and shrub species of the thermophilous mixed deciduous 
broadleaved forests in the subgroups of Formation G. 

Subgroups of Formation G 1.1 1.2 1.3 1.4 1.5 2.1 2.2 2.3 2.4 2.5 3.1 3.2 3.3 3.4 3.5 3.6 4.1 4.2 4.3 4.4

Tree species:                     
Quercus petraea d d . D x d (x) . . . d (x) (x) (x) (x) . . . . .
Quercus robur d d D . . (x) (x) . . . d (x) . (x). . . . . . .
Quercus cerris . . x . x D d x d d . (x) (x) x . (x) . . . .
Quercus frainetto . . . . x (x) d d (x) x . . . x . . . . . .
Quercus dalechampii . . . . d x x (x) . . . (x) (x) (x) . . . . . .
Quercus polycarpa . . (x) . d . x (x) . . . (x). . (x) . . . . . .
Quercus pubescens . . (x) x (x) (x) x x d d D D d d D x . . . .
Quercus virgiliana . . (x) . (x) (x) x . (x) d . d x x . x . . . .
Quercus pedunculiflora . . (x) . . (x) . . . d . . . (x) . . . . . .
Quercus trojana . . . . . . . (x) . . . . . . . D . . . .
Quercus pyrenaica . . . . . . . . . . . . . . . . D . . .
Quercus faginea . . . . . . . . . . . . . . . . (x) D . . 
Quercus faginea ssp. broteroi . . . . . . . . . . . . . . . . . . D .
Quercus canariensis . . . . . . . . . . . . . . . . . . . D
Acer campestre [St] [x] x x . x x x x (x) (x) x x (x) x x x (x) (x) . .
Sorbus torminalis x x . . x (x) x x (x) . x x (x) (x) . . (x) (x) . x
Pyrus pyraster [St] . x x . x (x) x (x) (x) x [x] (x) (x) x . . . . . .
Fraxinus ornus . . . x x x x x x x . d d x . x . . . .
Carpinus betulus x (x) (x) . . (x) x (x) . . (x) . . . x . . . . .
Acer tataricum . x x . (x) . x (x) (x) x . . . x . . . . . .
Ulmus minor . . x . . (x) x (x) (x) x x (x) . x x . . . . .
Sorbus domestica . . x . (x) . x (x) (x) (x) x x . (x) . . . . . .
Acer monspessulanum [St] . . . . . . . [x] . . x (x) (x) x . . (x) x . x
Tilia tomentosa . . (x) . (x) (x) x (x) . . . x (x) (x) . . . . . .
Ostrya carpinifolia . . . x (x) (x) . x . . . (x) d (x) . . . . . .
Carpinus orientalis . . . . x (x) x x x (x) . . x d . . . . . .
Fraxinus excelsior . . . . (x) . (x) . . . (x) . (x) (x) x . . . . .
Malus sylvestris [St] . x . . . . x (x) . . [x] . . (x) . . . . . .
Castanea sativa . . . x . x . x . . (x) (x) . . . . . . . .
Sorbus aria [St] . . . . (x) (x) . . . . x . [x] . . . (x) (x) . .
Tilia cordata x . x . . . . . . . (x) . . . . . . . . .
Pinus sylvestris x . . . . (x) . . . . (x) . (x) . . . . . . .
Populus tremula x . . . . . . . . . . . (x) . . . . . . .
Prunus avium . (x) . . . (x) . . . . x . . . . . . . . x
Acer hyrcanum [ssp. intermedium] . . . . (x) . (x) . . . . . [x] (x) . . . . . .
Corylus colurna . . . . (x) . . . . . . . (x) . . . . . . .
Acer platanoides . . . . (x) . . . . . . . . . . . . . . .
Acer obtusatum . . . . . (x) . . . . . (x) (x) . . . . . . .
Celtis australis . . . . . (x) . . . . . . (x) (x) . . . . . .
Fraxinus angustifolia [ssp. danubialis]  . . . . . [x] (x) . . . . . . . . . (x) . . .
Malus florentina . . . . . (x) . (x) . . . . . . . . . . . .
Betula pendula . . . . . (x) . . . . (x) . . . . . . . . .
Tilia platyphyllos . . . . . . (x) . . . (x) . . . . . . . . .
Quercus infectoria . . . . . . (x) (x) x . . . . . . . . . . .
Quercus iberica . . . . . . (x) (x) (x) . . . . . . . . . . .
Quercus hartwissiana . . . . . . (x) (x) . . . . . . . . . . . .
Tilia begoniifolia . . . . . . (x) . . . . . . . . . . . . .
Pyrus elaeagrifolia [ssp. bulgarica] . . . . . . . . x . . . . [x]. . . . . . .
Fraxinus angustifolia ssp. oxycarpa . . . . . . . . x . . . . . . . . . .
Acer opalus . . . . . . . . . . x . (x) . . . . . . .
Fagus sylvatica [ssp. moesiaca] . . . . . . . . . . (x) . [x] . . . . . . .
Quercus x calvescens . . . . . . . . . . (x) . . . . . . . . .
Prunus cerasus . . . . . . . . . . (x) . . . . . . . . .
Quercus ilex . . . . . . . . . . . (x) . . . (x). . . . x
Cercis siliquastrum . . . . . . . . . . . (x) . (x) . . . . . .
Taxus baccata . . . . . . . . . . . (x) . . . . . . . .
Pinus nigra . . . . . . . . . . . . (x) . . . . (x) . .
Pinus heldreichii . . . . . . . . . . . . (x) . . . . . . .
Juglans regia . . . . . . . . . . . . (x) . . . . . . .
Quercus congesta . . . . . . . . . . . . (x) . . . . . . .
Celtis tournefortii . . . . . . . . . . . . (x) . . . . . . .
Pyrus caucasica . . . . . . . . . . . . . . x . . . . .
Celtis caucasica . . . . . . . . . . . . . . x . . . . .
Celtis glabrata . . . . . . . . . . . . . . x . . . . .
Quercus ilex ssp. rotundifolia . . . . . . . . . . . . . . . . (x) (x) . . 
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Subgroups of Formation G 1.1 1.2 1.3 1.4 1.5 2.1 2.2 2.3 2.4 2.5 3.1 3.2 3.3 3.4 3.5 3.6 4.1 4.2 4.3 4.4

Quercus suber . . . . . . . . . . . . . . . . (x) . . x 
Acer granatense [St] . . . . . . . . . . . . . . . . (x) [x] . .
Laurus nobilis . . . . . . . . . . . . . . . . . . x . 
Quercus coccifera . . . . . . . (x). . . . . . . . . . . x .
Alnus cordata . . . . . (x) . . . . . . . . . . . . . .
Shrub species:                     
Crataegus monogyna x x x . x x x x x x x x x x x x (x) x x x
Ligustrum vulgare x x x . x x x (x) (x) x x (x) (x) x x . . (x) . .
Prunus spinosa x x x . . (x) (x) (x) . x x . (x) (x) . x (x) (x) . x
Cornus mas . x x x x (x) x (x) x x x x x x x . . . . .
Viburnum lantana . x x x (x) (x) (x) . (x) . x (x) (x) x . . . x . .
Euonymus verrucosa x x x . . (x) (x) . (x) (x) . (x) (x) (x) x . . . . .
Cornus sanguinea x x x . . (x) (x) . . (x) x (x) (x) . . . . (x) . .
Euonymus Europeea . x x . . (x) (x) . . x (x) . (x) (x) . (x) . (x) . .
Ruscus aculeatus . . x . x (x) (x) (x) . . (x) (x) (x) (x) . x . . x .
Cotinus coggygria . . (x) . (x) . (x) . (x) x (x) (x) (x) x . . . . . .
Corylus avellana . . x . . (x) (x) (x) . . x . (x) (x) . . (x) . . .
Rhamnus cathartica . . x . . (x) (x) (x) . . x . . . . . . . . .
Juniperus communis [ssp. hemisph.] . x . . (x) (x) . . . x . (x) . . . . [x] . .
Rosa canina . . x . . . x x (x) . . . . (x) . . . (x) . .
Rosa gallica . . x . . (x) x . . . . . . . . x . . . .
Berberis vulgaris . . x . . . . . . . (x) (x) . . x . . . . .
Lonicera xylosteum x . . . . . . . . . x . . . . . . . . .
Frangula alnus x . . . . . . . . . . . . . . . (x) . . .
Cytisus villosus . x . . . (x) . . . . . . (x) . . . . . . .
Prunus fruticosa . . x . . . . . . . . . . . . . . . . .
Prunus tenella . . x . . . . . . . . . . . . . . . . .
Laburnum alpinum . . . . (x) . . . . . . . . . . . . . . .
Syringa vulgaris . . . . (x) . . . . . . . . (x) . . . . . .
Hippocrepis emurus [ssp. emeroides] . . . . . (x) . (x) . . x (x) (x) x . [x] . . . .
Paliurus spina-christi . . . . . . (x) x . (x) . . (x) x x x . . . .
Phillyrea latifolia . . . . . (x) . (x) x . . . . x . x (x) . . .
Rosa arvensis . . . . . (x) (x) x . . (x) . . . . . . . . .
Crataegus laevigata . . . . . (x) . (x) . . (x) . . . . . . . . .
Rubus caesius . . . . . (x) . . . . (x) . . . . . . . . .
Crataegus pentagyna . . . . . (x) (x) . . . . . . (x) x . . . . .
Juniperus oxycedrus . . . . . . (x) x . . . . (x) x . . . . . .
Mespilus germanica . . . . . . (x) (x) . . . . (x) . x . . . . .
Ilex aquifolium . . . . . (x) . . . . (x) (x) . . . . (x) . . x
Arbutus unedo . . . . . . . (x) . . . . (x) . . . (x) . x x
Erica arborea . . . . . . . (x) . . . (x) . . . . (x) . . x
Rhamnus saxatilis [ssp. tinctoria] . . . . . . . [x] . . (x) . . . . . . (x) . .
Erica manipuliflora . . . . . . (x) (x) x . . . . . . . . . . .
Spartium junceum . . . . . . (x) (x) . . . . . . . . . . . .
Pyrus spinosa . . . . . (x) . . . . . . (x) . . . . . . .
Chamaecytisus hirsutus . . . . . (x) . . . . . . . . . . . . . .
Prunus cocomilia . . . . . . . (x) . . . . . . . . . . . .
Hypericum calycinum . . . . . . . (x) . . . . . . . . . . . .
Ruscus hypoglossum . . . . . . . (x) . . . . . . . . . . . .
Daphne pontica . . . . . . . (x) . . . . . . . . . . . .
Colutea arborescens . . . . . . . . . . (x) (x) (x) x . . . . . .
Prunus mahaleb . . . . . . . . . . (x) (x) (x) (x) . . . (x) . .
Buxus sempervirens . . . . . . . . . . x . (x) . . . . x . .
Amelanchier ovalis . . . . . . . . . . x . (x) . . . . x . .
Daphne laureola [ssp. latifolia] . . . . . . . . . . (x) . (x) . . . . [x] . .
Cotoneaster tomentosus . . . . . . . . . . (x) . (x) . . . . . . .
Pistacia terebinthus . . . . . . . . . . (x) . . (x) . x . . . .
Cytisus scoparius . . . . . . . . . . (x) . . . . . x . . .
Genista cinerea [Genista cinerascens] . . . . . . . . . . (x) . . . . . [x] . . .
Cytisophyllum semilifolium . . . . . . . . . . (x) . . . . . . (x) . .
Rhamnus alpina . . . . . . . . . . (x) . . . . . . . . .
Pyrus cordata . . . . . . . . . . (x) . . . . . . . . .
Sorbus mougeotii . . . . . . . . . . (x) . . . . . . . . .
Pistacia lentiscus . . . . . . . . . . . . (x) . . x . . x .
Rhamnus alaternus . . . . . . . . . . . . (x) . . x . . . .
Calicotome infesta . . . . . . . . . . . . (x) . . x . . . .
Spiraea chamaedryfolia . . . . . . . . . . . . (x) . . . . . . .
Erica carnea . . . . . . . . . . . . (x) . . . . . . .
Genista radiata . . . . . . . . . . . . (x) . . . . . . . 
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Subgroups of Formation G 1.1 1.2 1.3 1.4 1.5 2.1 2.2 2.3 2.4 2.5 3.1 3.2 3.3 3.4 3.5 3.6 4.1 4.2 4.3 4.4

Laburnum anagyroides . . . . . . . . . . . . (x) . . . . . . . 
Spiraea decumbens . . . . . . . . . . . . (x) . . . . . . .
Rosa pimpinellifolia . . . . . . . . . . . . (x) . . . . . . .
Lavandula angustifolia . . . . . . . . . . . . (x) . . . . . . .
Juniperus excelsa . . . . . . . . . . . . (x) (x) . . . . . .
Spiraea crenata . . . . . . . . . . . . . (x) . . . . . .
Pistacia mutica . . . . . . . . . . . . . (x) . . . . . .
Cistus creticus . . . . . . . . . . . . . (x) . . . . . .
Rhus coriaria . . . . . . . . . . . . . (x) . . . . . .
Rhododendron luteum . . . . . . . . . . . . . (x) . . . . . .
Jasminum fruticans . . . . . . . . . . . . . x x . . (x) . .
Pyrus salicifolia . . . . . . . . . . . . . . x . . . . .
Prunus incana . . . . . . . . . . . . . . x . . . . .
Rhamnus pallasii . . . . . . . . . . . . . . x . . . . .
Rhamnus spathulifolia . . . . . . . . . . . . . . x . . . . .
Cotoneaster multiflorus . . . . . . . . . . . . . . x . . . . .
Prunus divaricata . . . . . . . . . . . . . . x . . . . .
Juniperus polycarpos . . . . . . . . . . . . . . x . . . . .
Punica granatum . . . . . . . . . . . . . . . x . . . .
Petteria ramentacea . . . . . . . . . . . . . . . x . . . .
Rhamnus orbiculare . . . . . . . . . . . . . . . x . . . .
Rhamnus intermedia . . . . . . . . . . . . . . . x . . . .
Viburnum tinus . . . . . . . . . . . . . . . x (x) . x x
Daphne gnidium . . . . . . . . . . . . . . . . (x) . x .
Rosa corymbifera . . . . . . . . . . . . . . . . (x) (x) . .
Berberis vulgaris ssp. australis . . . . . . . . . . . . . . . . (x) (x) . .
Genista florida . . . . . . . . . . . . . . . . x . . .
Cistus laurifolius . . . . . . . . . . . . . . . . (x) . . .
Adenocarpus hispanicus . . . . . . . . . . . . . . . . (x) . . .
Adenocarpus complicatus . . . . . . . . . . . . . . . . (x) . . .
Halimium umbellatum . . . . . . . . . . . . . . . . (x) . . .
Genista falcata . . . . . . . . . . . . . . . . (x) . . .
Adenocarpus decorticans . . . . . . . . . . . . . . . . (x) . . .
Rosa ponzinii . . . . . . . . . . . . . . . . (x) . . .
Rosa agrestis . . . . . . . . . . . . . . . . . x . .
Berberis vulgaris ssp. seroi . . . . . . . . . . . . . . . . . (x) . .
Spiraea hypericifolia ssp. obovata . . . . . . . . . . . . . . . . . (x) . .
Lonicera arborea . . . . . . . . . . . . . . . . . (x) . .
Osyris alba . . . . . . . . . . . . . . . . . . x .
Asparagus aphyllus . . . . . . . . . . . . . . . . . . x .
Cytisus arboreus ssp. baeticus . . . . . . . . . . . . . . . . . . . x
Rhododendron pont. ssp. baeticum . . . . . . . . . . . . . . . . . . . x
Stauracanthus boivinii . . . . . . . . . . . . . . . . . . . x
Ulex jussiaei . . . . . . . . . . . . . . . . . . . x
Lianas:                     
Clematis vitalba . x . x . (x) x . (x) x (x) . x x . . . . . .
Lonicera caprifolium . . . x . x . . . . . x x . x x . . . .
Tamus communis . . . x . x x . . x x x x x . x x x . x
Hedera helix . . . . . x x . x . x x x x . x x x x x
Rubus ulmifolius . . . . . (x) . . . . (x) (x) (x) . . x . . x x
Clematis flammula . . . . . x . . . . . . x x . x . . . .
Asparagus acutifolius . . . . . . . . (x) . . . (x) (x) . x (x) . . .
Clematis viticella . . . . . . . . (x) . . (x) . x . . . .  
Lonicera etrusca .  . . . . . . . . . x (x) x (x) . x . x . .
Rubia peregrina [ssp. longifolia] . . . . . . . . . . x (x) . . . x (x) x [x] x
Lonicera periclymenum . . . . . . . . . . (x) . . . . . (x) (x) . x
Smilax aspera . . . . . . . . . . . . (x) . . x . . x x
Rosa sempervirens . . . . . . . . . . . (x) (x) . . x . . . .
Lonicera iberica . . . . . . . . . . . x . . . . [x] . . .
Vitis vinifera ssp. sylvestris . . . . . . . . (x) . . . . . . . . . . .
Periploca graeca . . . . . . . . (x) . . . . . . . . . . .
Smilax excelsa . . . . . . . . (x) . . . . . . . . . . . 

 
Explanations: 
D = dominant 
d = codominant/abundant occurrence 
x = regular occurence (≥50% of the MU) 
(x) = only in specific mapping units/types (<50% of the MU) 
[St] = Shrub layer 
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Position in the phytosociological system (syntaxa) 

Syntaxonomically, the thermophilous mixed deciduous broadleaved forests (also known in Cen-
tral Europe as xerothermic mixed oak forests) form a well delineated higher phytosociological 
unit, but one whose place in the phytosociological system has been and remains a matter of con-
troversial debate. Central European phytosociologists (e.g., Braun-Blanquet, Klika, Oberdorfer, 
and Tüxen) assigned the thermophilous mixed oak forests to the order Quercetalia pubescentis 
Klika 1933 or Quercetalia pubescenti-petraeae Klika 1933 corr. Moravec, in the class Querco-
Fagetea. That may well be justified based on the character of the forest communities that have 
been described from this region, and the most recent checklist of the syntaxa of Spain and Portu-
gal follows this view (RIVAS-MARTÍNEZ et al. 2001). However, OBERDORFER (1948) already asked 
whether it would not make more sense to designate the dry oak forests as their own class 
Quercetea pubescenti-petraeae. This class was later created by DOING-KRAFT (1955) under the 
name Quercetea pubescentis; it was JAKUCS (1961) who ultimately classified it as Quercetea pu-
bescenti-petraeae, subdividing it into 2 orders and 7 alliances. 

HORVAT, GLAVAČ & ELLENBERG (1974: 161), in their description of the south-east European cen-
tre of the distribution area of thermophilous oak forests, support this opinion. “Frequently the area 
of Quercetalia pubescentis is interpreted only as a transition zone between the Mediterranean 
Quercetalia ilicis and the Central European Fagetalia. ... Investigations conducted in the south-
east-European region have produced evidence that the xerothermic deciduous broadleaved forests 
in fact represent a floristically self-supporting, diverse, ecologically well circumscribed and his-
torically integrated entity, which occupies an important place in the vegetation of Europe.” The 
syntaxonomic classification of Quercetea pubescentis at the level of orders and alliances for the 
whole of Europe is still in need of future refinement (cf. RODWELL et al. 2001). 
 
Macroclimatic factors 

The climate is warm-temperate to submeridional, in parts also Mediterranean, damp in autumn 
and winter, and dry in summer, often with long periods of dryness to drought in mid-summer and 
early autumn, and usually only short-lived snow cover in winter. Mean annual temperatures fluc-
tuate between 6 °C in the north and 17(-19) °C in the south. Even so, winters are quite severe in 
the north (mean temperature -6 to -1 °C in the coldest month), but mild in the south (2-6 °C in the 
coldest month). Summers are warm to hot (mean temperature 17-24 °C in the warmest month) 
with dry periods of 2-4 months and possible drought periods of 1-3 months. In the Mediterranean 
region, however, the higher precipitation and moisture availability of mountain locations and deep 
soils are preferred. In the western part of the range and on the western sides of the Mediterranean 
peninsulas, the climate has a more maritime character (south-western France, western parts of 
Spain, Portugal, Italy, and the Balkan Peninsula), whereas in the central and eastern Balkan Pen-
insula, in the Pannonian, central Balkan, Danubian, and Thracian basins it is more subcontinental 
in character. The habitats of northern outlier localities are warm-dry slopes, mountain tops and 
basin sites. 
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Site conditions 

The thermophilous mixed deciduous broadleaved forests occur on very different relief forms 
depending on the region. These vary from basins and lowland plains (e.g. in Hungary, Romania, 
Yugoslavia, and Bulgaria), through hilly landscapes to south-facing slopes and steeper sites of the 
uplands and high mountains. From north to south, the areas where these forests occur increase in 
altitude from the lowland-colline up to the montane or supra-Mediterranean belt. Thus the ther-
mophilous sessile oak forests found at only 300-400 m in Romania may extend up to altitudes of 
more than 1000 m in Bulgaria and Greece. 

The parent material of the soils exhibits great variation. In the plains and hilly landscapes, ther-
mophilous oak forests grow mostly on loess, silt or loamy sand sediments, and in the hill country 
on molasse soils, marls, limestone, and base-rich silicate rocks (including volcanic rocks), which 
are often overlaid with loess, loam or clay. In the mountain ranges, various limestone, dolomite 
and base-rich silicate rocks are colonised over wide areas (for example in the Pyrenees, northern 
Iberian mountain ranges, south-western and southern Alps, in the Apennines, the Dinarides, Pin-
dos, Rhodopes, and the Balkan Mountains). The northern extensions and outliers occur mostly on 
shallow soils on sun-exposed limestone or marl slopes, on coarse limestone gravels, or on sandy, 
well-drained knolls. 

The soils belong to numerous different soil types. Rendzinas and terra rossa soils are distributed 
on limestone substrates, while cinnamon-coloured soils as well as brown earths, para-brown 
earths and degraded Chernozems are distributed over various other types of parent material. Typi-
cal of Quercus frainetto- and Quercus cerris-forests are reddish-brown clay-rich forest soils and 
also ‘Smonitza’ soils (Vertisols, Planosols) on clay substrates, as well as weakly acidic molasse 
soils. There are large areas, mostly beneath coppice and scrub forests, where soils are heavily 
eroded and rocky (e.g. in the Apennine and Balkan mountain ranges). Outliers in the north are 
mainly found on rendzinas, but also on base-rich rankers on shallow, skeletal soils on south-facing 
slopes. The soil reaction ranges from weakly alkaline to moderately acidic. 
 
State of preservation, land use, substitute communities; nature conservation 

The distribution area of the thermophilous mixed deciduous broadleaved forests includes the 
longest-settled areas of Europe, which humans have intensively managed for more than two thou-
sand years. As a result of this the forested area is strongly reduced and fragmented. Centuries of 
management in the form of coppicing, intensive forest pasturing and frequent forest fires have 
drastically changed the natural structure of these forests and markedly reduced their productivity 
(due amongst other things to heavy soil erosion caused by excessive land use). Truly intact stands 
of the natural vegetation are therefore only very limited, and tend to be on inaccessible or less 
productive extreme sites. The thermophilous deciduous broadleaved forests generally stand out – 
in spite of far-reaching human impacts – for their species abundance, high biodiversity and the 
occurrence of rare and endemic species, a vital reason for conserving or regenerating them. In 
order to preserve the remaining diversity and to make possible the regeneration of natural forests, 
it is unavoidable and urgently necessary to create a tight and representative network of protected 
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areas throughout the entire distribution area (with some parts designated as strictly protected re-
serves, and some parts where traditional use is permitted to continue). Furthermore, these forests 
have an extremely important climate- and soil-protecting function. It is therefore an absolute ne-
cessity to conserve all remaining forests, and to introduce radical reform in their management in 
order to prevent their further degradation or even complete disappearance in certain regions. 
However, it should be taken into account that any restoration of these forests is only possible at 
great expense, given the dry climate and degraded soils, and often it is not feasible at all. 
 
Classification into subunits 

The thermophilous deciduous broadleaved forests show a marked regional division, determined 
by the north-south and east-west climatic gradients, by the different ranges of the main tree spe-
cies and, last but not least, by the regional divergences in post-glacial floristic and vegetation his-
tory. The 77 mapping units identified in the legend and vegetation map of Europe within the 
thermophilous mixed broadleaved forests are accordingly split into four groups, arranged from 
north to south and from east to west (see Map 13): 

G.1 Subcontinental thermophilous (mixed) pedunculate oak and sessile oak forests 
G.2 Sub-Mediterranean-subcontinental thermophilous bitter oak and Balkan oak forests, as well 

as mixed forests 
G.3 Sub-Mediterranean and meso-supra-Mediterranean downy oak forests, as well as mixed 

forests 
G.4 Iberian supra- and meso-Mediterranean Quercus pyrenaica-, Q. faginea-, Q. faginea subsp. 

broteroi and Q. canariensis forests 

These four groups were separated principally on the basis of the dominating tree species, but of 
course they also have clearly delineated distribution areas. The first group occurs in Central 
Europe and in the Pannonian-Carpathian region, while the second is found from Italy across the 
Pannonian region as far as the eastern Balkans. The third extends more or less continuously from 
south-western France to the eastern Caucasus, and the fourth is restricted to the Iberian Peninsula 
(see Table 17). 

In each of the four groups a further division was carried out into subgroups, primarily determined 
by the tree species combination (including ecologically important admixed tree species) and their 
geographic and altitudinal distribution (see Table 16). However, a consistent classification accord-
ing to altitudinal and trophic levels in association with dominant tree species was possible only in 
Spain, since the required data were often not available for the remaining regions. Further division 
into mapping units was carried out on the basis of total species composition and geographic dif-
ferential species. 

In the following section, the individual subgroups are characterised with regard to their tree spe-
cies combination and stand structure, geographic distribution, altitudinal range and site conditions. 
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Table 17: Geographical distribution of the subgroups of mapping units from formation G (from west to east). 

Regions (number of mapping units) Subgroups 
of the  

formation 
 

(No. of MU) 

Iberian 
Peninsula 

France, 
Switzerland 

Central- 
Europe 

Pannonian-
Carpathian

Region 

Italy, 
Corsica,  
Sardinia, 

Sicily 

Western, 
Central-, 
Southern
Balkans 

Lower 
Danube, 

East  
Balkans 

Crimea, 
Caucasus 

G.1.1 (1)   O (1)      
G.1.2 (2)    O (2)     
G.1.3 (2)    O (2)     
G.1.4 (2)      O (2)   
G.1.5 (3)    O (3)   G (1)  

         
G.2.1 (8)    � (2) O (5) G (1)   
G.2.2 (6)    G (1)  G (1) O (4)  
G.2.3 (6)      � (2) O (4)  
G.2.4 (3)       O (3)  
G.2.5 (3)       O (3)  

         
G.3.1 (6) G (1) O (6)       
G.3.2 (5)    � (2) � (2) G (1)   
G.3.3 (9)     � (3) O (7) G (1)  
G.3.4 (5)      � (2) � (2) G (1) 
G.3.5 (1)        O (1) 
G.3.6 (1)     � (1) � (1)   

         
G.4.1 (7) O (7)        
G.4.2 (4) O (4)        
G.4.3 (1) O (1)        
G.4.4 (2) O (2)        

 
 
O predominantly occurence of the mapping units (MU) 
� major part of the MU 
G minor part of the MU 
 
 
G.1 Subcontinental thermophilous (mixed) pedunculate oak and sessile oak forests (Quer-

cus robur, Q. petraea, Q. dalechampii, Q. polycarpa, Pinus sylvestris, Acer tataricum) 

This group contains pedunculate oak and sessile oak forests as well as mixed forests of both, 
which have developed at the north-eastern edge of the thermophilous deciduous broadleaved for-
est region in Central Europe and in the Pannonian-Carpathian region due to the advance of ther-
mophilous and drought-resistant tree, shrub and herb species on periodically dry and warm-dry 
sites. 

The group is specific to a moderately warm (mean annual temperatures of 8-13 °C), summer-dry 
(annual precipitation 450-1000 mm) and, in some areas, winter-cold climate in eastern Central 
Europe, on the edge of the Pannonian Basin and at the base of the southern Carpathian Mountains. 
It divides into four subgroups with a total of 10 mapping units. 
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G.1.1  East Central European lowland-colline oak and pine-oak forests 

The first subgroup has a lowland-colline distribution and accounts for only one mapping unit 
(G1). It encompasses the Central European oak and pine-oak forests in warm and dry basin and 
lowland locations with a subcontinental climate (Poland, the Czech Republic, also peripherally in 
Germany and Slovakia). Syntaxonomically these forests are assigned to the Potentillo albae-
Quercetum petraeae Libbert 1933. 

The main stand-forming tree species in these three-layered forests are Quercus petraea (in the 
west) and Q. robur with alternating admixture of Carpinus betulus, Tilia cordata, Sorbus tormi-
nalis, Populus tremula and Pinus sylvestris. The shrub layer combines Central European, sub-
Mediterranean and Central European-Sarmatian species (e.g., Ligustrum vulgare, Euonymus ver-
rucosa). In the herb layer Potentilla alba, Festuca heterophylla, Campanula persicifolia, Lathyrus 
niger, Carex montana, Vicia cassubica, and Pulmonaria angustifolia are diagnostically important 
thermophilous species with a mainly eastern distribution. Also characteristic of the unit is the 
concurrence of Central European-Sarmatian and sub-Mediterranean floristic elements and the 
combination of thermophilous species with acidophytes and plants indicating periodically wet 
sites. 
 
G.1.2  Carpathian colline (mixed) Tatarian maple-pedunculate oak and -sessile oak forests 

The second subgroup consists of two mapping units (G2, G3) and is distributed in the western and 
central Carpathian hilly landscapes of Romania. Syntaxonomically the forests belong to the asso-
ciations Genisto tinctoriae-Quercetum petraeae Klika 1932 transsilvanicum Gergely 1962 and 
Aceri tatarici-Quercetum petraeae-roboris (Soó 1951) em. Zólyomi 1957. 

The canopy of these closed, moderately tall-growing, three-layered forests consists of sessile oak 
(G2) or sessile and pedunculate oak in combination (G3), with Prunus avium in the upper tree 
layer, and Acer campestre, A. tataricum, Sorbus torminalis and occasionally also Carpinus betu-
lus in the lower. The shrub layer is almost always well developed, with a regular representation of 
thermophilous (sub-Mediterranean) species (Cornus mas, Viburnum lantana, Ligustrum vulgare). 
The herb layer is not only rich in Querco-Fagetea species, it also contains diagnostically impor-
tant thermophilous forbs such as Lathyrus niger, Melittis melissophyllum, Tanacetum corymbo-
sum and the geographic differential species Melampyrum bihariense and Lathyrus transsylvani-
cus. 

The present-day vegetation of mapping unit G3 consists of an often anthropogenic mosaic of for-
ests on shaded slopes, and dry and steppe grasslands on south-facing slopes. 
 
G.1.3  Pannonian lowland mixed pedunculate oak forests 

The third subgroup consists of two mapping units (G4, G5) containing mixed pedunculate oak 
forests of the Pannonian lowland, occuring mainly on sand dunes. Syntaxonomically these forests 
belong to such associations as Aceri tatarici-Quercetum pubescenti-roboris Zólyomi 1957, and 
Convallario-Quercetum roboris Soó 1957. 



Formation G Map of the Natural Vegetation of Europe 
 

330  

The vegetation consists of medium-growing, three-layered, species-rich forests with Quercus ro-
bur as the main tree species in the upper tree layer, joined alternately by other thermophilous 
(sub-Mediterranean) Quercus species in the lower tree layer such as Q. cerris, Q. pubescens, Q. 
virgiliana, and Q. pedunculiflora. In addition, Acer campestre and on a regional basis Ulmus mi-
nor, Pyrus pyraster, Tilia cordata, T. tomentosa are found. The shrub layer combines thermophi-
lous (Cornus mas, Ligustrum vulgare, Viburnum lantana, Berberis vulgaris) and mesophilous 
species (Crataegus monogyna, Prunus spinosa, Rhamnus cathartica, Rosa canina, Euonymus 
europaea). In addition, the xerophilous unit G4 contains dry scrub with Prunus fruticosa and P. 
tenella. The herb layer exhibits a range of thermophilous forest species (Lithospermum purpuro-
caeruleum, Polygonatum hirtum, Doronicum hungaricum, Viola suavis), as well as plants of xero-
thermic forest margins and dry grasslands (Dictamnus albus, Iris variegata, Carex michelii, 
Lathyrus pannonicus subsp. collinus, Phlomis tuberosa, Nepeta nuda). In unit G5, by contrast, 
mesophilous species (Convallaria majalis, Potentilla alba, Brachypodium sylvaticum, Silene 
coronaria) are better represented. 
 
G.1.4  Pre-Pannonian and north Adriatic colline-submontane mixed sessile oak forests 

The fourth subgroup comprises of two small colline-submontane mapping units (G6, G7), which 
are limited in area and distribution. It includes thermophilous sessile oak forests in Slovenia and 
Croatia on limestone and flysch sites. These forests were described under the names Lathyro-
Quercetum petraeae Horvat (1938) 1959 (G6) and Seslerio autumnalis-Quercetum petraeae Pold-
ini 1982 (G7). 

Dominant in the tree-layer of these medium- to tall-growing and two- to three-layered forests is 
Quercus petraea; on calcareous rock it is accompanied by Q. pubescens, Fraxinus ornus and 
Ostrya carpinifolia (G6) in the lower tree layer, and on flysch by Castanea sativa (G7). The first 
unit (G6) also contains numerous thermophilous species in the shrub and herb layer, such as Cor-
nus mas, Viburnum lantana, Lathyrus niger, Melittis melissophyllum and Potentilla micrantha. 
Unit G7 contains fewer thermophilous species and is characterised by periodically dry sites. 
 
G.1.5  Pre-Carpathian-east Balkan colline-submontane mixed Quercus polycarpa forests 

This subgroup of three mapping units (G8, G9, G10) is distributed over a relatively large area at 
the foot of the southern Carpathian Mountains (Romania) and the foothills of the Rhodopes and 
Balkan Mountains (Bulgaria). The tree layer is composed of different subcontinental-sub-
Mediterranean oak species (Quercus polycarpa, Q. dalechampii, Q. cerris, Q. frainetto). In the 
lower tree and shrub layers thermophilous woody plants play an important role (Sorbus tormi-
nalis, Cornus mas, Ligustrum vulgare, Ruscus aculeatus, locally also Fraxinus ornus, Carpinus 
orientalis). The herb layer is characterised by Lathyrus niger, Silene coronaria Lithospermum 
purpurocaeruleum, Helleborus odorus and Sedum cepaea. The individual mapping units are pri-
marily differentiated by different combinations of tree species. 
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G.2 Sub-Mediterranean-subcontinental thermophilous bitter oak and Balkan oak forests, 
as well as mixed forests (Quercus cerris, Q. petraea, Q. frainetto, Q. dalechampii, Q. 
pedunculiflora, Q. pubescens, Q. virgiliana, Q. polycarpa, Q. hartwissiana, Carpinus 
orientalis, Fraxinus ornus) 

The group contains thermophilous mixed broadleaved forests in which easterly distributed sub-
Mediterranean oaks are the main stand-forming species, particularly bitter oak (Quercus cerris), 
Balkan oak (Q. frainetto), and grey oak (Q. pedunculiflora). They occupy large areas in Italy, the 
Pannonian-Danubian region (Hungary, Romania) and the central and eastern part of the Balkan 
Peninsula (Serbia, Macedonia, Albania, Greece, Bulgaria, Turkey). Further to the south these for-
ests form a supra-Mediterranean altitudinal belt above the holm oak and downy oak forests in the 
mountain ranges on the eastern Mediterranean. The climate in the range of this group is warm 
(mean annual temperatures (8) 10-13(15) °C) and moderately dry (mean annual precipitation 500-
800 mm, and even higher in the mountain ranges). The group is classified into five subgroups 
with different compositions of tree species and distributions. 
 
G.2.1  Italian-Pannonian-central Balkan colline-submontane (to montane) sessile oak- 

(pedunculate oak-) bitter oak forests 

The first subgroup includes eight mapping units (G11-G18), with a mainly colline-submontane 
distribution. The mixed forests assigned to this subgroup include both sessile oak and in part pe-
dunculate oak, in addition to the dominant bitter oak. The corresponding associations include 
Physospermo-Quercetum cerris Barbéro et Bono 1970, Hieracio racemosi-Quercetum petraeae 
Pedrotti, Balelli et Biondi 1982 and Quercetum petraeae-cerris Soó 1957. 

The forests are medium- to tall-growing and three-layered, with Quercus cerris (in part dominant) 
in association with Q. petraea, locally with Q. pubescens (G12), Q. dalechampii (G15, G16), Q. 
robur (G17) and sometimes with Castanea sativa in the upper tree layer; additionally with Sorbus 
torminalis, Fraxinus ornus, Acer campestre, Carpinus betulus and regionally Tilia tomentosa in 
the lower tree layer. Mesophilous and thermophilous species such as Crataegus monogyna, Cor-
nus mas, Ligustrum vulgare and Cornus sanguinea feature in the shrub layer. The species-rich 
herb layer is composed of representatives of different ecological groups, including thermophiles 
(e.g., Tamus communis, Physospermum cornubiense, Tanacetum corymbosum, Lathyrus venetus, 
Melittis melissophyllum, Helleborus odorus, Silene coronaria), acidophiles (Festuca heterophylla, 
Luzula species, Pteridium aquilinum), mesophiles (Symphytum tuberosum, Viola reichenbachi-
ana) and species indicative of periodically dry sites (Potentilla alba, Stachys officinalis, Serratula 
tinctoria). 
 
G.2.2  Pannonian-Danubian-Balkan lowland to submontane Balkan oak-bitter oak forests 

The second subgroup includes six mapping units (G19-G24) of lowland to submontane mixed 
Quercus cerris-Q. frainetto forests with a species-rich flora of woody plants and main distribution 
in the central and eastern Balkans. The dominant association is Quercetum frainetto-cerris (Geor-
gescu 1945) Rudski 1949 with different regional variants. 
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The forests are medium- to tall-growing and two- to three-layered, with Quercus cerris and Q. 
frainetto predominating in the upper tree layer. Depending on the region, there is varied admixture 
of Quercus petraea, Q. dalechampii, Q. polycarpa, Q. pubescens and Q. virgiliana, as well as Q. 
infectoria, Q. iberica and Q. hartwissiana in eastern Thrace. Furthermore, Acer tataricum, A. 
campestre, Fraxinus ornus, Carpinus orientalis, Ulmus minor, Pyrus pyraster, Carpinus betulus, 
Sorbus domestica, S. torminalis, and Tilia tomentosa are found in the lower tree layer. The usually 
well-developed shrub layer consists mainly of Crataegus monogyna, Ligustrum vulgare and Cor-
nus mas, and locally also of Rosa gallica, Rhamnus cathartica, Euonymus verrucosa, Cotinus 
coggygria, Viburnum lantana, and Ruscus aculeatus. In the herb layer thermophilous species are 
predominant. These include Lathyrus niger, Silene coronaria, S. viridiflora, Potentilla micrantha, 
Helleborus odorus, Lithospermum purpurocaeruleum, Polygonatum hirtum, and Lathyrus laxiflo-
rus, along with acidophilous species (including Luzula luzuloides and L. forsteri), furthermore, 
species characteristic of periodically dry sites (Carex praecox, Festuca heterophylla) and meso-
philous species (Brachypodium sylvaticum, Stellaria holostea, Euphorbia amygdaloides, Anem-
one ranunculoides). The mapping units are distinguished by regional differential species. 
 
G.2.3  South and east Balkan colline to montane (mixed) Balkan oak forests 

The third subgroup of six mapping units (G25-G30) contains colline to montane Balkan oak for-
ests with dominant Quercus frainetto. Its main distribution area is in southern Romania, Greece, 
southern Bulgaria and Turkey. The principal associations have been described as Quercetum 
frainetto Dafis 1966 and Digitali viridiflorae-Quercetum frainetto Gamisans et Hebrard 1980. 

The two- to three-layered forests are mostly medium-, rarely tall-growing. Quercus frainetto is the 
dominant species in the upper tree layer, with varying admixture of Castanea sativa, Quercus 
cerris, and Q. pubescens. In the lower tree layer, Carpinus orientalis, Fraxinus ornus, Ostrya 
carpinifolia, Sorbus torminalis, and Acer campestre also occur. The shrub layer contains widely 
distributed species such as Crataegus monogyna, Prunus spinosa and Rosa canina; furthermore, 
thermophilous species such as Juniperus oxycedrus, Paliurus spina-christi, and Phillyrea latifolia 
are found. The herb layer contains numerous thermophilous species, including Lathyrus niger, 
Potentilla micrantha, Lathyrus laxiflorus, Silene coronaria, Helleborus odorus, Galium pseudo-
aristatum, Doronicum orientale, and Leontodon cichoraceus. 
 
G.2.4  East Balkan colline to montane downy oak-bitter oak forests 

This subgroup comprises three mapping units (G31-G33) with xerophilous, mainly eastern Balkan 
downy oak-bitter oak forests that occur in Bulgaria and Turkey. Phytosociologically the forests 
are classified as Quercetum cerris Georgescu 1941 and Carpino orientalis-Quercetum cerris 
Oberdorfer 1948 (Querceta pubescentis-cerri according to Bondev 1991). 

These forests consist of low to medium-growing, three-layered stands with a rich shrub and herb 
layer. In the upper tree layer, Quercus cerris and Q. pubescens are the dominant tree species. 
Carpinus orientalis is regularly admixed, regionally also Fraxinus ornus, Quercus frainetto, Q. 
infectoria, and Pyrus elaeagrifolia. In the shrub layer, Cornus mas, Crataegus monogyna, 
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Phillyrea latifolia and Erica manipuliflora occur. In the mostly well-developed herb layer, ther-
mophilous species such as Mercurialis ovata, Piptatherum virescens, Lithospermum purpuro-
caeruleum, Tanacetum corymbosum, and Lathyrus niger are found, as well as mesophilous forest 
grasses and herbs (Dactylis polygama, Brachypodium sylvaticum, Anemone ranunculoides, Eu-
phorbia amygdaloides). 
 
G.2.5  Danubian-eastern Balkan lowland-colline mixed downy oak-bitter oak-grey oak 

forests 

The fifth subgroup of three mapping units (G34-G36) encompasses lowland-colline mixed oak 
forests of the lower Danubian plain and the pre-Balkan plateau, featuring the south-east-European 
grey oak (Quercus pedunculiflora) as the dominant species, in varying combination with downy, 
bitter and Balkan oaks. These forests have been described as associations such as Quercetum pe-
dunculiflorae-cerris (Morariu 1944) Popescu et al. 1979 from Romania, and as Querceta pedun-
culiflorae tataricosa Gančev 1965 from Bulgaria.  

The two- to three-layered, low-growing and often open forests, have Quercus pedunculiflora in 
the upper tree layer, with varying admixture of Q. cerris, Q. pubescens, Q. virgiliana and Q. 
frainetto according to region and site. In the lower tree layer Acer tataricum and Fraxinus ornus 
occur regularly, furthermore Ulmus minor, Pyrus pyraster, Sorbus domestica and Carpinus orien-
talis in varying proportions. The usually well-developed shrub layer consists of Crataegus 
monogyna, Cornus mas, Prunus spinosa Ligustrum vulgare, Cotinus coggygria, and Euonymus 
europaea. In the herb layer, thermophilous species such as Lithospermum purpurocaeruleum, 
Lathyrus niger, Viola alba, and Tanacetum corymbosum are dominant, along with forest grasses 
(Brachypodium sylvaticum, Dactylis polygama). 
 
G.3 Sub-Mediterranean and meso-supra-Mediterranean downy oak forests, as well as 

mixed forests (Quercus pubescens, Q. virgiliana, Q. trojana, Fraxinus ornus, Ostrya 
carpinifolia, Carpinus orientalis) 

This group of thermophilous deciduous broadleaved forests takes in the diverse downy oak forests 
(Quercus pubescens) and mixed forests that are distributed from northern Spain across France, 
Switzerland, Italy, the Pannonian-Danubian-west Pontic region, the Crimean Peninsula and into 
the foothills of the Caucasus. These forests are fairly specific to the sub-Mediterranean region and 
they radiate from there on to suitable warm dry sites into the southern temperate region as well as 
into the eu-Mediterranean region, where they colonise the meso- to supra-Mediterranean belts. 
Numerous small outposts are found in the southern temperate zone, in particular in Bohemia, Mo-
ravia and Slovakia, though these are not represented on the map. 

The climate in the range of this group is warm (mean annual temperatures of 10-15 °C), winter-
moist and summer-dry with mean annual precipitation of 500-600 mm in low-lying locations and 
up to 1500 mm in the mountains. A distinct autumnal precipitation maximum and a fairly moist, 
mild winter are characteristic, with only a short period of snow cover, if any, and relatively few 
days of frost. 
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The group of sub-Mediterranean and meso-supra-Mediterranean deciduous broadleaved forests 
divides into six subgroups, mostly dominated by downy oak (Quercus pubescens, in part Q. vir-
giliana) in varying combinations with other thermophilous deciduous broadleaved tree species, 
namely Fraxinus ornus, Ostrya carpinifolia and Carpinus orientalis. 
 
G.3.1  South-west European lowland-colline to montane downy oak forests 

The first lowland-colline to montane subgroup contains six mapping units (G37-G42), which are 
distributed over sometimes large areas of north-eastern Spain, central and southern France and 
Switzerland (and north-western Italy) and characterised by the presence of numerous more meso-
philous tree and shrub species (Quercus petraea, Q. robur, Acer campestre, Prunus avium, 
Carpinus betulus, Tilia platyphyllos, Corylus avellana). 

These forest communities have been assigned to the following associations: Rubio peregrinae-
Quercetum pubescentis Rameau 1974 (G37), Viburno lantanae-Quercetum Lapaz 1963 (G 38), 
Lithospermo-Quercetum petraeae Braun-Blanquet 1932, Arabidi turritae-Quercetum pubescentis 
Ellenberg et Klötzli 1972, Coronillo coronatae-Quercetum Ellenberg et Klötzli 1972, Sileno nu-
tantis-Quercetum Ellenberg et Klötzli 1972 (G 39), Campanulo-Quercetum pubescentis Br.-Bl. 
1961 (G 40), Buxo sempervirentis-Quercetum pubescentis Br.-Bl. 1932 (G 41), Conopodio-
Quercetum pubescentis castanetosum Rameau 1996 (G 42). 

These are low- to medium-growing, three-layered forests, open in places, with a relatively dense 
shrub layer. In the upper tree layer Quercus pubescens is dominant, with varying interspersal of 
Q. petraea, Q. robur, and sometimes Castanea sativa (France) along with Prunus avium, Acer 
campestre, Ulmus minor, Fraxinus excelsior, Carpinus betulus, Tilia platyphyllos, and Pinus syl-
vestris. In the lower tree layer, Sorbus torminalis, S. domestica, S. aria, Acer opalus, and A. 
monspessulanum are found. The shrub layer is species-rich with many thermophilous species 
(Ligustrum vulgare, Viburnum lantana, Buxus sempervirens, Cornus mas, Ruscus aculeatus, 
Prunus mahaleb, Daphne laureola, Hippocrepis emerus, Berberis vulgaris, Amelanchier ovalis), 
but also mesophilous species such as Crataegus monogyna, Corylus avellana, Prunus spinosa, 
Cornus sanguinea, Euonymus europaea, Rhamnus cathartica, Lonicera xylosteum, Rosa arvensis, 
and Juniperus communis (see Table 16). The herb layer consists mainly of thermophilous, sum-
mer drought-tolerant species (Lithospermum purpurocaeruleum, Melittis melissophyllum, Vince-
toxicum hirundinaria, Limodorum abortivum, Tanacetum corymbosum, Helleborus foetidus, 
Brachypodium pinnatum, Primula veris s.l., Cephalanthera rubra, Polygonatum odoratum, 
Arabis turrita, Orchis mascula, O. purpurea, Anthericum ramosum, Carex humilis, Bupleurum 
falcatum) as well as other, more mesophilous broadleaved forest and forest margin species 
(Hedera helix, Hepatica nobilis, Lathyrus vernus, Melica uniflora, Fragaria vesca). The thermo-
philous lianas are represented by Tamus communis, Rubia peregrina and Lonicera etrusca. Fur-
ther subdivision into mapping units is carried out according to the regional and site-specific spe-
cies combinations of the tree, shrub and herb layers, as well as geographic and ecological differ-
ential species (see the relevant data sheets). 
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G.3.2  Italian-Balkan-Pannonian colline to submontane or supra-Mediterranean flowering 
ash-downy oak forests 

The second subgroup has five mapping units with a colline-submontane or supra-Mediterranean 
altitudinal distribution (G43-G47) and comprises the flowering ash-downy oak forests of Corsica, 
Sardinia (G43), northern and central Italy (G44), Dalmatia (G45) and the Pannonian hill country 
(G46, G47). They also occur in small areas of Austria, the Czech Republic and Romania. 

The low- to medium-growing mixed oak forests have been described as Oenantho-Quercetum 
pubescenti-petraeae Gamisans 1975 (G43), Peucedano cervariae-Quercetum pubescentis Ubaldi 
1988, Knautio-Quercetum pubescentis Ubaldi 1993, Roso sempervirentis-Quercetum pubescentis 
Biondi 1986 (G44), Orno-Quercetum virigilianae Trinajstić 1985 (G45), Ceraso mahaleb-
Quercetum pubescentis Jakucs et Fekete 1957, Cotino-Quercetum pubescentis (Soó 1932) Jakucs 
1961, Orno-Quercetum (Soó 1928) Horansky, Jakucs et Fekete 1958, Corno-Quercetum Jakucs et 
Zólyomi 1957 (G46), Inulo spiraeifoliae-Quercetum pubescentis (Jakucs 1961) Soó et Borhidi 
1971 and as Tamo-Quercetum virgilianae Borhidi et Morschhauser 1996. 

The forests exhibit moderate to weak, often bush-like growth and colonise geographically and 
environmentally very different regions. They have in common the combination of dominant 
Quercus pubescens and/or Q. virgiliana in the tree layer in varying combinations with Fraxinus 
ornus and other thermophilous tree species including Acer campestre, Sorbus torminalis, S. do-
mestica, Prunus mahaleb, and Pyrus pyraster; in the Mediterranean region, with the addition of 
Quercus ilex and Cercis siliquastrum, Acer monspessulanum, and A. obtusatum; and in the Pan-
nonian region, with the admixture of other oaks (Quercus cerris, Q. dalechampii, Q. polycarpa, 
Q. petraea) or – in the eastern section – with Tilia tomentosa. The mostly well-developed shrub 
layer is variably composed of Cornus mas, Viburnum lantana, Ligustrum vulgare, Lonicera 
etrusca, Erica arborea, Ruscus aculeatus, Cotinus coggygria, and Colutea arborescens. The herb 
layer accomodates in addition to the usual thermophilous forest species such as Lithospermum 
purpurocaeruleum, Tanacetum corymbosum, Vincetoxicum hirundinaria, Coronilla coronata, 
Limodorum abortivum, and Carex halleriana also many species typical of forest edges and dry 
grasslands (Dictamnus albus, Lathyrus pannonicus subsp. collinus, Asperula tinctoria, Poa versi-
color, Carduus collinus, Teucrium chamaedrys) as well as numerous geographic differential spe-
cies: Lathyrus venetus, Oenanthe pimpinelloides, Viola alba subsp. dehnhardtii, Campanula me-
dium, Centaurea triumfettii subsp. adscendens, Dianthus balbisii subsp. liburnicus, Vicia sparsi-
flora, Inula spiraeifolia, Fritillaria orientalis. 
 
G.3.3  Italian-Balkan colline to montane hop hornbeam-downy oak forests and mixed 

hop-hornbeam forests 

The third subgroup of nine mapping units (G48-G56) has a colline to montane or supra-
Mediterranean altitudinal distribution and contains the Italian, north Adriatic and south Balkan 
hop hornbeam-downy oak forests and mixed hop hornbeam forests. 

Phytosociologically, these forests are assigned to several associations, including Ostryo-
Quercetum pubescentis Trinajstić 1974 (G48, G51), Fraxino orni-Ostryetum Braun-Blanquet 
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1961 (G49), Molinio-Quercetum pubescentis Šugar 1981 (G50), Melampyro italici-Ostryetum 
Ubaldi et al. 1987, Scutellario-Ostryetum Pedrotti et al. 1979 (G52), Carpinio-Quercetum virgil-
ianae Trinajstič 1988, Erico-Quercetum virgilianae Brullo et Marceno 1985 (G53), and Ostryo-
Quercetum virgilianae Trinajstić 1987 (G54). 

The low- to medium-growing, two- to three-layered forests have a combination of Quercus pu-
bescens in the tree layer, locally also Quercus virgiliana, Q. congesta and hop hornbeam (Ostrya 
carpinifolia) with Fraxinus ornus and, in part, Carpinus orientalis. Further admixed tree species 
are found depending on the region: these include Acer obtusatum, A. opalus, A. monspessulanum, 
Celtis tournefortii and Tilia tomentosa. In the shrub layer, alongside the widespread species 
Crataegus monogyna, Cornus mas and Ligustrum vulgare, other species encountered are Lonicera 
etrusca, Cotinus coggygria, Colutea arborescens, Hippocrepis emerus and Paliurus spina-christi 
as well as Mediterranean evergreen species (Rhamnus alaternus, Arbutus unedo, Pistacia lentis-
cus, Juniperus communis, J. oxycedrus). The herb layer is rich in widespread thermophilous spe-
cies (e.g. Lithospermum purpurocaeruleum, Melittis melissophyllum, Lathyrus niger, Tanacetum 
corymbosum, Carex humilis, Arabis turrita). It also contains many regional differential species, 
including Helleborus multifidus, Knautia drymeia, Viola alba subsp. dehnhardtii, Hemerocallis 
lilioasphodelus, Melampyrum italicum, Lathyrus venetus, Anemone apennina, Cyclamen hederi-
folium, Potentilla detommasii and Haberlea rhodopensis, and among the grasses Sesleria autum-
nalis, S. latifolia and Festuca heterophylla. Mesophilous forest species (Melica uniflora, Primula 
acaulis, Hepatica nobilis, Euphorbia amygdaloides, Viola reichenbachiana etc.) are also repre-
sented. It is noteworthy that the participation of lianas (Clematis vitalba, C. flammula, Tamus 
communis, Hedera helix, Asparagus acutifolius, Smilax aspera, Rubus ulmifolius) is compara-
tively high for dry oak forests . 

Mapping unit G50 occupies a special position, in which the downy oak is associated with acido-
phytes and species characteristic of periodically wet sites (Molinia arundinacea, Calluna vulgaris, 
Potentilla alba, Pulmonaria angustifolia). 
 
G.3.4  South and east Balkan, as well as Crimean-west Caucasian colline Oriental horn-

beam-downy oak forests 

The fourth subgroup of five mapping units (G57-G61) with colline distribution contains downy 
oak forests with substantial participation of Oriental hornbeam (Carpinus orientalis). The main 
distribution of these forests is in the southern and eastern part of the Balkan Peninsula, along the 
Black Sea coast as far as the Republic of Moldova, on the Crimean Peninsula and at the western 
foothills of the Caucasus. 

The associations that have been established are Symphyto ottomani-Quercetum frainetto Gamisans 
et Hebrard 1980 (G57), Genisto lydiae-Quercetum pubescentis, Oryzopsi holciformis-Carpinetum 
orientalis Jakucs et Zólyomi 1960 (G58), Carpinetum orientalis thracicum Horvat prov. (G59), 
Paeonio-Carpinetum orientalis Doniţă 1970 and Violo suavis-Quercetum pedunculiflorae Doniţă 
1970 (G60). 
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The tree layer of these mostly low-growing, three-layered forests consists of Quercus pubescens 
and in parts Q. virgiliana, occasionally also Q. cerris, Q. frainetto and Q. pedunculiflora, in com-
bination with Carpinus orientalis, Acer campestre, A. tataricum, A. monspessulanum, Pyrus 
pyraster, Ulmus minor, and Sorbus torminalis. The usually well-developed shrub layer consists of 
Cotinus coggygria, Cornus mas, Viburnum lantana, Ligustrum vulgare, Crataegus monogyna, 
Syringa vulgaris, Paliurus spina-christi, and Euonymus verrucosa, in the south also Ruscus acu-
leatus, Colutea arborescens, Jasminum fruticans, Phillyrea latifolia, Juniperus oxycedrus, and 
Pistacia terebinthus. In the herb layer, many thermophilous and geographic differential species 
are found such as Lithospermum purpurocaeruleum, Mercurialis ovata, Piptatherum virescens, 
Helleborus odorus, Paeonia peregrina, Ranunculus illyricus, Cleistogenes serotina, Physo-
spermum cornubiense, Potentilla micrantha, Stipa bromoides, Symphytum ottomanum, and 
Ramonda serbica.  

The forests of the Crimean-west Caucasian mapping unit G61 have been assigned to the alliances 
Junipero excelsae-Quercion pubescentis Jakucs 1961 and Carpino orientali-Quercion pubescentis 
Korženevskij et Šeljag-Sosonko 1983. 

The tree layer of the low-growing and open scrub forests consists of Quercus pubescens and 
Carpinus orientalis together with Fraxinus excelsior, Juniperus excelsa and Sorbus torminalis. 
The shrub layer contains several evergreen species (Pistacia mutica, Jasminum fruticans, Ruscus 
aculeatus, Rhododendron luteum) as well as Cotinus coggygria, Rhus coriaria, and Paliurus 
spina-christi. In the herb layer, besides the common thermophilous species (Lithospermum pur-
purocaeruleum, Laser trilobum, Carex halleriana, Physospermum cornubiense) geographic dif-
ferential species including Ornithogalum ponticum and Sesleria anatolica are diagnostically im-
portant. 
 
G.3.5  Dagestanian colline downy oak forests 

The fifth subgroup consists of a single mapping unit containing the Dagestanian downy oak for-
ests with Pyrus salicifolia and other species (G62). Syntaxonomic work on these forests has yet to 
be carried out. 

In the tree layer, these low-growing, open, two- to three-layered forests have Quercus pubescens, 
Q. petraea (s.l.), Fraxinus excelsior, Acer campestre, Carpinus betulus, and Pyrus caucasica. The 
species-rich shrub layer consists of widespread thermophilous species such as Cornus mas, Paliu-
rus spina-christi, Ligustrum vulgare, Euonymus verrucosa and numerous endemic species includ-
ing Celtis caucasica, C. glabrata, Lonicera iberica, and Prunus incana. 

The herb layer contains, besides widespread species such as Lithospermum purpurocaeruleum, 
Melica picta and Poa nemoralis, also many regional differential species (Anthemis fruticulosa, 
Matthiola daghestanica, Gypsophila capitata, Ziziplora serpyllacea, Astragalus denudatus, A. 
haesitabundus, A. alexandri, and others). 
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G.3.6  South Italian-south-west Balkan meso-supra-Mediterranean Quercus trojana for-
ests 

The sixth subgroup of only one mapping unit (G63) contains the Quercus trojana forests in south-
ern Italy, Bosnia and Herzegovina, Montenegro and Albania. Syntaxonomically these forests have 
been described as Euphorbio apii-Quercetum trojanae Bianco et al. 1998, Quercetum trojanae 
montenegrinum Blečić et Lakušic 1966 and/or Quercetum trojanae macedonicum Em 1958. 

The upper tree layer of the open, three-layered forests is dominated by Quercus trojana in combi-
nation with Q. pubescens, Q. virgiliana, Q. ilex, or Q. cerris; in the lower tree layer they can con-
tain Fraxinus ornus and Acer campestre. In the mostly well-developed shrub layer, evergreen 
Mediterranean species (Phillyrea latifolia, Pistacia lentiscus, P. terebinthus) play an important 
role, alongside deciduous woody species such as Pyrus spinosa, Rhamnus orbiculata, R. interme-
dia, Punica granatum, and Petteria ramentacea. Lianas are well represented (Clematis flammula, 
C. viticella, Lonicera caprifolium, L. etrusca, L. implexa, Smilax aspera, Tamus communis, Rubia 
peregrina incl. subsp. longifolia, Asparagus acutifolius). In the herb layer, southern and endemic 
species are dominant (Cyclamen hederifolium, C. repandum, Viola alba subsp. dehnhardtii, 
Paeonia mascula, Crocus dalmaticus, Fritillaria gracilis, Anemone apennina, A. hortensis, Rom-
ulea linaresii, Carex distachya, Ranunculus neapolitanus, Silene italica amongst others), with 
Euphorbia apois as a character species in southern Italy (BIANCO et al. 1998). 
 
G.4 Iberian supra- and meso-Mediterranean Quercus pyrenaica, Q. faginea, Q. faginea 

subsp. broteroi and Q. canariensis forests 

This group encompasses the supra- and meso-Mediterranean deciduous to winter-green oak for-
ests on the Iberian Peninsula outside the range of Quercus pubescens. The dominant species here 
are the Quercus species restricted to the western Mediterranean region: Q. pyrenaica, Q. faginea, 
Q. faginea subsp. broteroi and Q. canariensis. Important subdominant tree species are Acer 
monspessulanum, A. granatense, and Sorbus torminalis. The main distribution area of these for-
ests lies in the northern Iberian uplands and mountain ranges where climate and vegetation al-
ready exhibit a pronounced Mediterranean character. Here, as in the southern part of the Iberian 
Peninsula, they occupy cooler altitudinal belts with higher precipitation, which in the south com-
prise only relatively small areas in the mountains. The climate in these forest regions is accord-
ingly moderately warm for the most part (mean annual temperatures 8-13 °C) and dry-subhumid 
to humid (annual precipitation 500-1000 (>1600) mm). The winters are relatively cold (annual 
mean for the coldest month -1 to 5 °C), while the summers are warm and dry. 

The distribution area of the four main tree species is either strictly confined to silicous (Quercus 
pyrenaica, Q. canariensis) or to calcareous and base-rich (Q. faginea, Q. faginea subsp. broteroi) 
rocks, and the division into four subgroups reflects this distribution. The further division into 
mapping units within the subgroups was carried out mainly following geographic aspects and by 
making use of regional differential species (and/or particular regional communities). This reveals 
a clear west-east and north-south gradient. For the floristic characterisation and differentiation of 
the forest communities in the individual subgroups concerning tree, shrub and liana species see 
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Table 16; with regard to the floristic-ecological characteristics of the individual mapping units, 
please refer to the relevant data sheets. 

Syntaxonomically, the acidophilous (G.4.1 and G.4.4) and basiphilous (G.4.2) oak forests have 
been assigned to different orders and alliances/sub-alliances within the class Querco-Fagetea, 
namely to the order Quercetalia roboris, and more precisely the alliance Quercion pyrenaicae for 
G.4.1 and Quercion roboris for a part of G.4.4, and to the order Quercetalia pubescentis, alliance 
Quercion pubescenti-petraeae, suballiance Aceri granatensis-Quercenion fagineae for G.4.2. 
However, G.4.3 and a part of G.4.4 are assigned to the suballiance Quercenion broteroi within the 
class Quercetea ilicis. 
 
G.4.1  West and central Iberian supra- to meso-Mediterranean Quercus pyrenaica forests 

on silicate rocks 

This subgroup consists of seven mapping units (G64-G70) with the deciduous Quercus pyrenaica 
as the stand-forming tree species. It represents acidic silicate sites of the higher uplands in differ-
ent regions of the Iberian Peninsula, especially in the north-west. The mapping units represent 
different ecological-geographic vegetation with corresponding differential species. 

Phytosociologically, these forests have been assigned to the following associations within the 
Quercion pyrenaicae: Luzulo forsteri-Quercetum pyrenaicae Rivas-Martínez 1963 (G64), Holco 
mollis-Quercetum pyrenaicae Br.-Bl., P. Silva et Rozeira 1956 (G65), Festuco braun-blanquetii-
Quercetum pyrenaicae Br.-Bl. 1967 (G66), Genisto falcatae-Quercetum pyrenaicae Penas et Diaz 
1985 (G67), Sorbo torminalis-Quercetum pyrenaicae Rivas Goday ex Rivas-Martínez 1987 
(G68), Adenocarpo decorticantis-Quercetum pyrenaicae Martínez-Parras et Molero 1983 (G69), 
Arbuto unedonis-Quercetum pyrenaicae (Rivas Goday 1960) Rivas-Martínez 1987 (G70), Cepha-
lanthero rubrae-Quercetum pyrenaicae O. Bolòs et Vigo in O. Bolòs 1967. 

In the climax stage, the vegetation consists of moderately tall, shady forests dominated almost 
exclusively by Quercus pyrenaica with scattered subdominant tree species (Fraxinus angustifolia, 
Sorbus aria, S. torminalis, Acer campestre, A. monspessulanum, A. granatense, Quercus faginea, 
Q. suber, Q. ilex subsp. rotundifolia). The development of the shrub layer varies according to light 
penetration through the tree canopy, and it contains both Central European (Crataegus monogyna, 
Corylus avellana, Prunus spinosa, Cytisus scoparius) as well as sub-Mediterranean and Mediter-
ranean species (Berberis vulgaris, Genista florida, G. falcata), including evergreen shrubs and 
climbers (Arbutus unedo, Viburnum tinus, Erica arborea, E. australis, Ilex aquifolium, Hedera 
helix). 

The mostly well-developed herb layer contains in addition to eutraphent nemoral species (Melica 
uniflora, Lilium martagon, Hepatica nobilis, Sanicula europaea, Viola odorata and others) also 
acidophilous species (Luzula forsteri, Holcus mollis, Teucrium scorodonia, Lathyrus linifolius, 
Pteridium aquilinum, Ajuga pyramidalis) and many south European as well as endemic species 
(Physospermum cornubiense, Helleborus foetidus, Melittis melissophyllum, Hyacinthoides his-
panica, Moehringia pentandra, Paeonia coriacea, etc.). 
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G.4.2  North-east and south Iberian supra-Mediterranean basiphilous Quercus faginea 
forests 

This subgroup contains four mapping units (G71-G74) with the winter-green Quercus faginea as 
the stand-forming tree species. Its main distribution is in the uplands of the north-eastern Iberian 
Peninsula, with isolated occurrences in the south Iberian mountains. In contrast to the adjacent 
Quercus pubescens forests to the north-east (G41), it consists of pronounced supra-Mediterranean 
sites with markedly dry conditions in summer. Unlike the Quercus pyrenaica forests (G.4.1) the 
substrates are limestones, dolomites and most of all lime-rich marls. 

Phytosociologically, these forests belong to the following associations within the Quercion pubes-
centi-petraeae: Cephalanthero rubrae-Quercetum fagineae Rivas-Martínez in Rivas Goday et al. 
1960 (G71), Violo willkommii-Quercetum fagineae Br.-Bl. et O. Bolòs 1950 (G72), Spiraeae 
obovatae-Quercetum fagineae O. Bolòs et Montserrat 1984 (G73), Daphno latifoliae-Aceretum 
granatense Rivas-Martínez 1965. 

The dominant trees in the upper tree layer of these two- to three-layered, low- to medium-growing 
forests are Quercus faginea, with varying interspersal of Acer monspessulanum, A. granatense, A. 
campestre, Sorbus aria, S. torminalis, Quercus ilex subsp. rotundifolia, and Q. coccifera. The 
shrub layer is variably well developed depending on the density of the tree layer and is generally 
species-rich. It contains primarily basiphilous sub-Mediterranean and Mediterranean, mainly de-
ciduous species: besides Crataegus monogyna, especially Viburnum lantana, Buxus sempervirens, 
Amelanchier ovalis, Berberis vulgaris subsp. seroi and subsp. australis, and also Iberian endemic 
species such as Cytisophyllum sessilifolium, Genista hispanica, Spiraea hypericifolia subsp. 
obovata, and Daphne laureola subsp. latifolia. The main lianas represented are Hedera helix, Lo-
nicera etrusca and Rubia peregrina. The herb layer contains the diagnostic species Cephalanthera 
rubra, C. longifolia, Viola willkommi, Helleborus foetidus, Paeonia officinalis subsp. microcarpa, 
and Primula veris subsp. columnae. 
 
G.4.3  Portuguese meso-Mediterranean basiphilous Quercus faginea subsp. broteroi for-

ests 

The subgroup consists of one mapping unit (G75), which has been described as Arisaro simor-
rhini-Quercetum broteroi Br.-Bl., P. Silva et Roseira 1956 from Portugal, and assigned to the 
alliance Quercion ilicis. It consists of meso-Mediterranean sites on limestone and marl. 

These three-layered forests consist of Quercus faginea subsp. broteroi in the tree layer with Lau-
rus nobilis and locally Quercus ilex subsp. rotundifolia. The shrub layer consists of predominantly 
Mediterranean, mostly evergreen species (Arbutus unedo, Viburnum tinus, Daphne gnidium, Pis-
tacia lentiscus, Quercus coccifera, Ruscus aculeatus, Rubus ulmifolius, Osyris alba). Lianas like-
wise play an important role (Smilax aspera, Rubia peregrina subsp. longifolia, Asparagus aphyl-
lus, Hedera helix). In the herb layer, species including Coronilla valentina subsp. glauca, Vinca 
difformis, Arisarum simorrhinum and Teucrium scorodonia are found. 
 



Map of the Natural Vegetation of Europe Formation G 
 

 341  

G.4.4  North-east and south Iberian meso-Mediterranean Quercus canariensis forests on 
silicate rocks 

The subgroup contains two small mapping units a considerable distance apart, one in Catalonia 
(G76), the other in Andalusia (G77). These consist of isolated occurrences of meso-Mediterranean 
forests with winter-green Quercus canariensis in relatively humid locations. The Catalonian for-
ests have been assigned to the association Carici depressae-Quercetum canariense O. Bolòs 1954, 
and the Andalusian forests to Rusco hypophylli-Quercetum canariensis Rivas-Martínez 1975 
within the alliance Quercion ilicis. 

The three-layered forests contain Quercus canariensis as the stand-forming species in the tree 
layer with evergreen oaks (Quercus ilex, Q. suber) as subdominant tree species, locally also Q. 
faginea subsp. broteroi as well as thermophilous and mesophilous deciduous broadleaved trees 
(Sorbus torminalis, Acer monspessulanum, Prunus avium). The shrub layer consists predomi-
nantly of evergreen Mediterranean woody species (Arbutus unedo, Viburnum tinus, Erica arbo-
rea, Rhododendron ponticum subsp. baeticum, Ulex jussiaei, Ruscus hypophyllum), but also de-
ciduous shrubs (Crataegus monogyna, Prunus spinosa). Diagnostic species of the herb layer are 
Carex depressa, Teucrium scorodonia, Gaudinia fragilis, Luzula forsteri, Polystichum setiferum 
as well as Pteridium aquilinum in logged areas. 
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H Hygrophilous thermophytic mixed deciduous broadleaved forests 

Armen G. Doluchanov, revised by Giorgi Nachucrišvili 

Characterisation and typological delimitation, geographical distribution  

Formation H includes hygrophilous deciduous forests of the Caucasus region with varying species 
composition and structure, in part with an evergreen understorey. Due to their special climatic 
situation and vegetation history, they are rich in endemics and Tertiary relicts. The forests occur 
on coastal plains and on foothill slopes (lowland to submontane or montane zones) in the eastern 
Black Sea and southern Caspian Sea regions. They have in common an evenly warm-temperate, 
almost subtropical climate condition that have enabled many Tertiary relicts to survive. 

The formation has two spatially separate distribution areas: the Colchic lowland plain in Georgia 
on the eastern shore of the Black Sea, and the northern extensions of the Talish Mountains in 
Azerbaijan on the south-western edge of the Caspian Sea (see Map 16 and Sheet 9 of the 1:2.5 
million scale map). Beyond the limits of the mapping area, Colchic forest vegetation extends 
somewhat further to the south-west into the easternmost Anatolian section of the Black Sea coast, 
accompanied by a gradual shift in species composition and appearance. The Hyrcanian lowland 
and mountain forests occur along the south-western and southern shores of the Caspian Sea along 
the northern edge of the Elburz Mountains in Iran. 
 
Stand structure and physiognomy 

The luxuriously developed, tall-growing forests (up to 35 m in height) have a multi-layered stand 
structure. The tree layer is formed by several deciduous broadleaved tree species; in most cases a 
second tree layer is also present. The shrub layer is generally species-rich and often forms an al-
most impenetrable evergreen thicket. Lianas are often present but do not rank among the charac-
terising features and gain in importance only in thinned stands. Owing to the high humidity, epi-
phytes are common. The herb layer is likewise species-rich and contains numerous grasses and 
ferns as well as bryophytes. 
 
Floristic composition 

The mixed broadleaved forests of formation H are characterised by their high species richness (a 
total of 50 tree species, many shrub species and 80 herb species) and unique flora. The vegetation 
includes numerous endemics as well as relict species from the Tertiary period. 

Characteristic tree species are deciduous oaks (in the west Quercus imeretina and Q. hartwissi-
ana, in the east Quercus castaneifolia), as well as Castanea sativa, Pterocarya pterocarpa, 
Diospyros lotus and Fagus sylvatica subsp. orientalis. In addition there are elms and limes (Ulmus 
glabra, U. elliptica, Tilia begoniifolia, T. ledebourii). The second tree layer is formed by species 
such as Zelkova carpinifolia, Carpinus betulus and Acer species (e.g. Acer cappadocicum, A. 
velutinum), in part also Alnus barbata, in the east furthermore Parrotia persica and Fraxinus 
excelsior subsp. coriariifolia. In ravines Taxus baccata also occurs. The shrub layer contains 
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widespread evergreens (Daphne pontica, Rhododendron ponticum, Prunus laurocerasus), but also 
endemic species (Staphylea colchica, Rhododendron ungernii, Epigaea gaultherioides, Viburnum 
orientale, Danae racemosa, Euonymus velutina). Found alongside these are endemic Ruscus, 
Buxus and Crataegus species such as the Colchic-Hyrcanian endemic Crataegus microphylla. 
Typical lianas include Smilax excelsa, Periploca graeca and Vitis vinifera subsp. sylvestris, in the 
west Hedera colchica and H. helix, and in the east Hedera pastuchowii. Common representatives 
of the epiphytes are Polypodium cambricum and numerous lichens and bryophytes (e.g. Usnea 
barbata, Neckera species). The herb layer includes numerous ferns such as Athyrium filix-femina, 
Pteris cretica, Asplenium scolopendrium, Matteuccia struthiopteris and various Dryopteris and 
Polystichum species along with grasses and graminoids (e.g. Brachypodium sylvaticum, B. 
pinnatum subsp. rupestre, Poa masenderana, Oplismenus undulatifilius, Dactylis glomerata, 
Festuca drymeja, Luzula forsteri, Carex spicata) as well as Epimedium colchicum, Trachystemon 
orientalis, Symphytum ibericum, Sanicula europaea, Circaea lutetiana, Euphorbia amygdaloides 
and others. 
 
Position in the phytosociological system (syntaxa) 

The three mapping units are assigned to different oak forest communities (Quercetum imeretina 
azaleosum, Quercetum imeretina hypericosum, Quercion castaneifoliae sensu Doluchanov). Due 
to the numerous endemic and relict species and the small quantity of data available, these com-
munities are difficult to place within the syntaxonomic units of the Braun-Blanquet classification 
system. 
 
Macroclimatic factors 

The climate is evenly warm-temperate with mean annual temperatures of between 13 and 15 °C 
(in the Colchis 13-14 °C, in Hyrcania 12-15 °C). The annual totals for air temperature above 
10 °C exceed 3800 °C almost everywhere, locally reaching 4600-4700 °C. The high precipitation 
is characteristic, and in the Colchis it is distributed rather uniformly throughout the year (with 
maximum values in autumn and winter, see Figure 11). The high amount of precipitation results 
from the orographic rainfall from the water-saturated air on the south-western and western slopes 
of the Great and Lesser Caucasus that occurs with prevailing westerly winds. The Hyrcanian cli-
mate is distinguished from that of the Colchis by a more pronounced seasonal periodicity, with a 
summer dry phase and a peak of precipitation in the autumn. In the Colchis the climate is milder 
than it is in Hyrcania and less continental owing to the influence of the Black Sea (annual ampli-
tude of average monthly temperatures 15-19 °C). The winters are milder (average temperature in 
the coldest month 4-6 °C) with plentiful precipitation throughout the year (average annual precipi-
tation 1000 to 3000 mm, locally up to 3500 mm). The winter snow cover protects the vegetation 
from occasional frosts and makes possible the occurrence of thermophytic broadleaved forest 
stands with evergreen undergrowth even at higher elevations. In Hyrcania the winter is somewhat 
cooler (January average -2 to 3 °C) and the summer somewhat warmer (average temperature of 
the warmest month 24-26 °C). The annual amplitude of the average monthly temperatures is 
higher (22-24 °C) while annual precipitation is considerably lower, barely exceeding 1500 mm. 
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The precipitation is furthermore unevenly distributed over the year: the summer is dry, the other 
seasons are humid (see Figure 11). 

 
Figure 11: Climate diagrams of the hygrophilous thermophytic mixed deciduous broadleaved forests (H): Ba-

tum (Batumi) (H1), Kutaisi in the Colchis (H1), Lenkoran in Hyrcania (H2) (based on WALTER & 
LIETH 1967). 

Site conditions 

The forests of formation H grow in low areas along the sea coasts, on the floodplains of rivers 
(e.g. the Rioni), and on the lower slopes of mountain ranges (Great and Lesser Caucasus, Talish). 
The altitudinal range varies from the lowlands up to 600 m, although individual stands are found 
at elevations of up to 900 m. In the Hyrcanian coastal strip (H2) marine sediments form the geo-
logical substratum in a series of sequential terraces up to an altitude of 300-400 m above sea level. 
Only occasionally are these covered with colluvial and alluvial sediments. The Colchic lowland 
consists for the most part of fluviatile sediments; sea terraces account for only very small areas. 

Red soils and various forms of yellow soils (Ferralsols) are characteristic soil types of these com-
munities. Red soils (in part fossil) are tied to the damp Colchic climate and are absent in Hyr-
cania. Yellow soils are widespread in the Colchis (mostly with low base saturation) and in Hyr-
cania (here with moderate base saturation). Both soil types occur in typical and in lixivated vari-
ants. In the foothills, yellow-brown soils and montane brown forest soils (Cambisols) have also 
formed in places. In Hyrcania, montane cinnamon-coloured forest soils (Chromic Cambisols) are 
also found. Alternating with the soil types listed above, there are locally extensive areas of humus 
carbonate soils (Rendzinas), as well as alluvial and gley soils. 
 
Role in structuring the landscape 

The mapping units are characterised by great site and vegetation diversity. Wet sites on the plains 
and in ravines are dominated by alder swamp forests (Alnus barbata) and Pterocarya-Alnus allu-
vial forests (with Alnus barbata and Pterocarya pterocarpa in the floodplains and Alnus subcor-
data in the stream valleys). The alluvial forests of many rivers are dominated by poplars (Populus 
x canescens, P. hyrcana, P. nigra) and willows (Salix spp.) along with alder and wingnut (Ptero-
carya). On shallow and rocky sites, low-growing and more drought-resistant forests develop with 
a different species composition (including some with Quercus iberica). As altitude increases, the 
thermophilous forests give way to sweet chestnut (Castanea sativa) and Oriental beech forests 
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(Fagus sylvatica subsp. orientalis). On seaward, particularly moist mountain slopes, closed ever-
green stands of pure Prunus laurocerasus are found; in Hyrcania similar stands are dominated by 
Albizia julibrissin. 
 
State of preservation, land use, substitute communities; nature conservation 

The lowland stands of hygrophilous thermophytic forests of both regions have been almost com-
pletely extirpated. As a consequence of relatively dense human settlement and millennia of use, 
intact natural forests are virtually non-existent. In the lower uplands, some near-natural forest 
fragments are still to be found, but the submontane forests are often severely degraded by use for 
timber and forest pasture, and altered in their species composition. In the west, logging and thin-
ning of the tree layer often causes the evergreen shrub layer to increase in cover and grow denser, 
thus inhibiting tree regeneration. Long-term forest pasturing of cattle has led to the destruction of 
the forest structure and encouraged the spread of bracken (Pteridium aquilinum subsp. brevipes) 
and neophytes (e.g. Spiraea japonica). The construction of forest roads contributes to the further 
development of the forests, often resulting in illegal wood cutting. Only in areas that are protected 
(e.g. the Botanical Garden in Batumi and highly inaccessible regions) has residual forest survived 
with a natural plant composition. Areas within the former closed zone along the border with Tur-
key also represent such a refugium. 

The region is largely agricultural, and is used for tea-bush or citrus plantations, the cultivation of 
tung trees (Aleurites spp.), tobacco, maize and other arable crops, in Hyrcania namely tea-bush 
plantations and rice fields. Large areas have been drained and meliorated. The corresponding 
weed vegetation contains in addition to native species also many adventive plants (e.g. Baccharis 
halimifolia, Paspalum paspalodes, Andropogon virginicus). 

The hygrophilous thermophytic broadleaved forests are confined in Europe to the Caucasus region 
and due to their special peculiarities and vegetation history they contain a wealth of Tertiary rel-
icts and endemics. Within the area of the mapping units, however, only a very small proportion of 
the forest stands can be described as nearly natural. In addition, current forms of use and their 
likely escalation due to the difficult economic situation faced by the population mean that the re-
sidual stands are under considerable threat. As such, there is an urgent need to designate suffi-
ciently large protected areas (e.g. national parks) for the conservation of these unique forests. So 
far there are three small nature reserves with more or less well-maintained near-natural vegetation 
(two in the Colchic lowland and one in the Lenkoran lowland). Along with conservation of the 
forest stands that still remain, areas of special floristic value require protection so that they can 
develop in the direction of natural stands. 
 
Classification into subunits 

The three mapping units of this formation (H1, H2, H3) represent geographic variants. Mapping 
unit H1 is located in the Colchis on the eastern coast of the Black Sea, while H2 and H3 are found 
on the south-western coast of the Caspian Sea. There are many features that distinguish the units 
from each other. The clear floristic differences are the result not only of the particular features of 
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present-day climate, but also and most of all of the long-term isolation of both areas. Evergreen 
undergrowth is characteristic only of the Colchic forests (H1), while it is largely absent from the 
Hyrcanian foothills (H2). Instead, in the Hyrcanian region, relict species are dominant. The Col-
chic relict tree flora consists primarily of plants needing the reliable protection of snow-cover in 
the winter, while the Hyrcanian relict tree flora is represented by forest species that survived the 
ice age on the warmer southern shores of the Caspian Sea. The latter includes species such as Par-
rotia persica, Quercus castaneifolia, Alnus subcordata, Acer velutinum, Pyrus boissieriana, 
Gleditsia caspia and Albizia julibrissin along with Hedera pastuchowii and Frangula grandiflora. 
The ranges of these species are limited to the watershed of the Caspian Sea. Characteristic Colchic 
species (Quercus imeretina, Q. hartwissiana, Tilia ledebourii, Staphylea colchica, Ilex colchica, 
Rhododendron ponticum etc.) are by contrast not represented in the Hyrcanian region, where the 
tree layer is formed almost exclusively of relict species. 
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J Mediterranean sclerophyllous forests and scrub  

Thomas Raus & Erwin Bergmeier 

Characterisation and typological delimitation; stand structure and physiognomy 

The formation “Mediterranean sclerophyllous forests and scrub” includes communities of xero-
morphic evergreen tree and shrub species, especially of the genera Quercus (subgenus Sclerophyl-
lodrys), Pinus, Juniperus, Olea and Pistacia. The dominance of a single tree or shrub species is 
common. Sclerophyllous forests and scrub occur on a wide variety of substrates on all slopes and 
expositions, though sites influenced by groundwater tend to be avoided. 

Stand structure depends on the abiotic site factors and the species composition, but especially on 
the current and previous use of the stand. Most evergreen broadleaved forest species can grow as 
trees or shrubs, depending on external influences; some are apparently also genetically predis-
posed to one or the other form. Stands with a dense canopy are dark and tend to be species-poor. 
The sparse undergrowth of such dense forests and thickets is composed of scattered small shrubs, 
grasses, lianas, geophytes, ferns and seedlings of the trees and shrubs. Open stands are much more 
common. These occur naturally on steep slopes, though as a rule they arise from various forms of 
use, such as removal of timber and grazing. Stands degraded through unregulated logging possess 
scrub or bush forest structure (macchia, maquis). Stands that are patchy and opened up by grazing 
or interdigitated with dwarf shrub and herbaceous vegetation are referred to as garrigue. Grazed 
woodlands consist of single-stemmed rather than coppiced multi-stemmed trees, have a more 
open canopy, uneven stand structure and an internal architecture rich in ecotonal effects. 

Mediterranean evergreen broadleaved forests have a long history of anthropogenic destruction and 
degradation. In areas favourable for agriculture, this began already during the Neolithic period; in 
agriculturally less favourable regions it occurred especially during times of human population 
growth through the extensive, unregulated removal of timber and grazing with goats and sheep. 
They were to be replaced by various cultural landscapes. Secondary small shrub communities 
(referred to, depending on region, as tomillares, phrygana or batha) arose in areas that were exten-
sively grazed. If a regressive syndynamic pattern persisted, geophyte- and annual-rich dry grass-
lands and heaths developed. 

With the receding pressure of human use in recent times, one can observe self-regenerating ever-
green broadleaved vegetation in most countries along the northern rim of the Mediterranean. The 
dynamic potential of such stands, especially the temporal process of progressive succession and 
the corresponding climax forest community, are to a great extent site-dependent and are still not 
understood in detail. 
 
Geographical distribution 

The natural distribution range of Mediterranean evergreen broadleaved forests and scrub in 
Europe comprises the majority of the Iberian Peninsula, the low elevation and coastal regions of 
southern France, Italy, the Adriatic countries and the southern portion of the Balkans, as well as 
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the Mediterranean islands from the Balearic Islands to the Aegean with the exception of the 
mountainous and immediate coastal areas (see Map 14 in text volume as well as leaves 7 and 8 of 
the European map). While on the Iberian Peninsula Mediterranean sclerophyllous forests also 
occur far into the inland areas, they are restricted in the northern portion of their range to a fringe 
along the coast mainly not more than a few kilometres wide. In the south (Sicily, central Greece, 
Peloponnese), however, they can extend up to 70 km inland. The range of evergreen Mediterra-
nean evergreen broadleaved vegetation continues outside of Europe to the south (portions of the 
northern coast of Morocco, Algeria, Tunisia and Libya) and east (coastal areas of western and 
southern Turkey, Cypress, Syria, Lebanon and Israel). 
 
Floristic composition 

The tree composition of Mediterranean evergreen broadleaved forests is mainly rather uniform. A 
single species typically dominates the canopy, often one of the evergreen oak species (subgenus 
Sclerophyllodrys). The holm oak (Quercus ilex) is most competitive in sub-humid regions. It is 
represented on the Iberian Peninsula (except for Cantabria and Catalonia) by Q. ilex subsp. rotun-
difolia (= Q. rotundifolia, Q. ilex subsp. ballota), in the remainder of the Mediterranean region by 
Q. ilex subsp. ilex. In drier regions with somewhat colder winters, Q. ilex is replaced by the ker-
mes oak (Quercus coccifera). The latter species is more tolerant of browsing than the holm oak. 
Quercus coccifera forms forests especially in the eastern Mediterranean region (where it is tradi-
tionally segregated by some authors under the synonym Q. calliprinos), while in the west it 
scarcely grows taller than 2 m. In meso-Mediterranean regions and especially in the transition 
zone to sub-Mediterranean climates, deciduous species begin to play a greater role. In the west 
this includes especially oak species such as Quercus faginea and Q. pubescens, in the east Q. cer-
ris, Q. frainetto, Fraxinus ornus and Carpinus orientalis. Grazed oak forests and macchia with 
anthropogenically lower proportions of oak often possess a dense evergreen shrub layer, which 
can be composed of Erica arborea, Arbutus unedo or A. andrachne. Laurus nobilis and Myrtus 
communis can occur on humid sites. Much less widely distributed than the Quercus ilex or Q. 
coccifera communities are the forests composed of Quercus species of the subgenus Cerris. Not-
withstanding, the latter can assume regional importance, as in the case of the cork oak (Quecus 
suber) in south-western Spain and Portugal and Q. ithaburensis subsp. macrolepis in south-
eastern Italy and southern and western Greece. 

In thermo-Mediterranean region, evergreen oaks are restricted to special habitats or climatically 
moderate montane localities. Here, the often dominant tree on sandy soils in coastal areas and on 
limestone is Pinus halepensis (Pinus brutia in the Aegean and in Mediterranean parts of Asia Mi-
nor). Owing to their tough bark and high regenerative capacity through seed production, P. hale-
pensis and P. brutia tolerate fire more than other tree species and are thereby favoured by forest 
fires. Where fires are frequent, the pine species may begin to suppress the oaks as the main tree 
species, even in meso-Mediterranean areas. 

In many areas, the most common shrub of the thermo-Mediterranean sclerophyllous scrub forma-
tion is – with or without a Pinus canopy – Pistacia lentiscus. This species is mainly a shrub under 
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2 m, rarely a tree up to 6 m. It often grows together with the wild form of the olive tree (Olea eu-
ropaea subsp. oleaster) and carob (Ceratonia siliqua). As far as is presently known, neither Olea 
nor Ceratonia belong to the original European flora, but rather were cultivated in their indigenous 
Middle Eastern ranges and spread from there into the Mediterranean, where they subsequently 
escaped from cultivation and have long since become well established in the natural vegetation. 
Other important, stand-forming and widely distributed woody species in the thermo-
Mediterranean region include Juniperus phoenicea (including the subsp. turbinata), which mainly 
forms scrub in coastal areas, and J. oxycedrus subsp. macrocarpa, which in its arborescent form 
colonises coastal sands. 

While anthropogenically thinned sclerophyllous forests can exhibit high numbers of species in a 
small area, stands that have gone for a longer time without or with only minimal disturbance are 
dense and conspicuously species-poor. Especially shade-tolerant and consequently widely distrib-
uted under the canopy of dense evergreen broadleaved forests are ferns and fern allies (Asplenium 
onopteris, Selaginella denticulata), evergreen, sometimes climbing sub-shrubs and lianas (Ruscus 
aculeatus, Asparagus acutifolius, A. aphyllus, Smilax aspera, Rubia peregrina, R. tenuifolia) and 
geophytes (Cyclamen species, Arisarum vulgare and other Araceae). In the shelter of lower-
growing sclerophyllous shrubs grow bunchgrasses such as Piptatherum miliaceum, P. coerules-
cens and Ampelodesmos mauritanica, whose stalks can exceed the shrubs in height. 
 
Position in the phytosociological system (syntaxa) 

The formation of Mediterranean evergreen broadleaved forests and scrub corresponds for the most 
part with the phytosociological class Quercetea ilicis. (In this class belong furthermore certain 
oro-Mediterranean conifer forests such as the Cupressus forests of Crete, which are included on 
the map in the formation K.) Meso-Mediterranean Quercus and Pinus forests are assigned to the 
order Quercetalia ilicis. The order Pistacio lentisci-Rhamnetalia alaterni consists of shrub com-
munities as well as Pinus and Juniperus stands chiefly in the thermo-Mediterranean zone. The 
further classification into alliances and associations has begun in parts of the range (e.g., Spain); 
however, most proposals are based on relatively small databases, and none of them consider all 
European sub-ranges. The alliance Oleo-Ceratonion was long considered to correspond to the 
current most highly developed thermo-Mediterranean vegetation. A recent proposal, however, 
would have this alliance restricted to the western Mediterranean, with the eastern part of its range 
recognised as a distinct alliance, Ceratonio-Rhamnion. If a much desirable, consistent circum-
Mediterranean synsystematic concept of the southern European-north African-Middle Eastern 
sclerophyllous vegetation is to be achieved, a thorough revision and emendation of the large num-
ber of existing regional syntaxonomic concepts will be required. 
 
Macroclimatic factors 

Evergreen broadleaved forests and scrub grow in regions with a pronounced Mediterranean rainy 
winter climate, in other words with warm, dry summers and cool, moist winters. Hard frosts are 
absent, and in thermo-Mediterranean regions frost in general is rare. The precipitation peaks are 
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mainly in November/December and in February/March. During the summer months – in the dry 
southern areas already starting in May and lasting until and including September – there is little or 
no precipitation. In the case of pronounced relief the windward-leeward effects provide for local 
climatic differentiation. To this can be added fluctuations in the distribution and the sum of annual 
precipitation. The mean annual precipitation at sea level lies between 400 and 900 mm, more 
rarely over 1200 mm (e.g., Kerkira) or under 400 mm (south-eastern Spanish dry area, south-
eastern Crete). The mean temperature of the warmest month lies between 25 and 28 °C, that of the 
coldest month between 6 and 13 °C. Especially on the smaller islands and on exposed coasts wind 
is a decisive factor for the vegetation and its structure: it lessens the competitiveness of hygrically 
demanding woody evergreen species and locally hinders the formation of the tree habit, even 
without anthropogenic influence. This results in the favouring of low scrub and shrub forests. 
 
Role in structuring the landscape, state of preservation, land use, substitute communities; 
nature conservation 

Evergreen broadleaved forests are often regarded as the ‘number one’ zonal vegetation of the 
Mediterranean region. Palynological finds however suggest evergreen oak forests first following 
increased Neolithic land use. Generally in the circum-Mediterranean coastal region, one can as-
sume a shift in the competitive balance around this time from the evergreen and deciduous climax 
communities in favour of the evergreen sclerophyllous vegetation. Here it must be said, however, 
that the available studies do not permit a differentiated estimation of the vegetation history for all 
portions of the area in question. Furthermore, the site-specific potential natural vegetation of to-
day should not be equated with the vegetation of the Neolithic period, that had been only little 
influenced by humans. Considerable soil erosion – with and without the involvement of humans – 
has fundamentally changed the conditions for forest growth and structure. Site-appropriate regen-
eration of forests in areas where they have been degraded or have disappeared depends on soil 
characteristics and moisture regime, relief and local climate, the diaspore bank and possible dis-
turbance. Observations on evergreen broadleaved forest stands in advanced succession in southern 
France allow one to conclude that stands would continue to develop towards greater participation 
of deciduous oaks (in this case Quercus pubescens). However, these results on stand dynamics 
have only been finalised on a regional level and cannot simply be generalised for the entire 
sclerophyllous region. The regeneration potential of evergreen broadleaved woody species is gen-
erally better in meso-Mediterranean regions than in thermo-Mediterranean. 

The condition of the Mediterranean sclerophyllous forests and scrub is different for the individual 
zonal types. However, for most forest communities it is poor, despite broad-scale progressive 
successional trends. Some forest communities are practically unknown in a half-ways undisturbed 
state, and the climax community of the corresponding mapping unit is as a result only hypotheti-
cal. For some sites, especially those suitable for crops cultivation, there is no documentation of 
forest remnants. Most stands of old evergreen broadleaved forests are structurally more or less 
strongly altered and limited to sites inaccessible to humans or sites otherwise unfavourable. This 
renders insights into the potential site variability of the communities difficult. Long-term research 
on the basis of systematically placed monitoring plots, to shed light on successional processes, is 
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either lacking altogether or fails due to the destruction of the experimental plots. Pinus-dominated 
forests furthermore carry a high risk of fire. Flat sites with well-developed, deep soils for the 
study of zonal forest development are practically non-existent in the millennium-old cultural land-
scape of the Mediterranean. Little-influenced mature evergreen broadleaved forests are of great 
importance for nature conservation and science owing to their rarity. In light of their potential 
further development, the same goes for advanced regenerated stands derived from coppiced for-
ests and for extensive pasture woodlands consisting of single-stemmed trees. From a nature con-
servation point of view, evergreen broadleaved forests are not always preferable over their succes-
sional replacement communities, which are disproportionately richer in organisms and micro-
habitats than the zonal climax communities. 
 
Classification into subunits 

Corresponding to their climatic preferences, the evergreen broadleaved forests and scrub of the 
Mediterranean region can be differentiated into a group of meso-Mediterranean communities on 
the one hand and a group of thermo-Mediterranean communities on the other. Within each of 
these two groups, the dominating tree species – mainly from the genus Quercus – is the main cri-
terion for further differentiation. As the key species, this determines to a great extent the stand 
character. The further subdivision into mapping units, by contrast, is based mainly on substrate 
requirements and chorological specificities of the undergrowth. 

A quick review of the regional distribution based on habitats and regionality of all 53 mapping 
units can be best acquired by examining three large portions of the southern European range: 1) 
the Iberian Peninsula with the Balearic Islands and the south of France, 2) the Apennine Peninsula 
and Sicily, Sardinia and Corsica, and 3) the Balkans with Crete and the Aegean islands (see Map 
14). In the interest of conciseness and saving space, emphasis will be placed on natural climax 
communities (in many cases hypothetical and derived from site and syndynamic research). The 
currently dominating, landscape-shaping replacement vegetation is however treated only briefly 
or not at all. For orientation in use of the map, the legend number of the corresponding mapping 
unit is provided in parentheses. 
 
Iberian Peninsula and Balearic Islands, southern France 

The most expansive and strongly differentiated of the evergreen broadleaved forests and scrub-
lands are to be found in Spain and Portugal. Only the Atlantic north and north-west of the Iberian 
Peninsula are not colonised by these forests, with the exception of several relict islands of Quer-
cus ilex subsp. ilex forest (J13), that are interdigitated with mixed oak-ash forest in thermally fa-
vourable valleys of Cantabria near Bilbao and Santander, as well as local Quercus ilex subsp. 
rotundifolia karst forests (J11) that are scattered over small areas on special edaphic habitats in 
the beech and mixed oak forest landscape of the central Cantabrian coastal cordillera. 

Central and southern Portugal is the main distribution range of the south-west Iberian cork 
oak forests (Quercus suber). Their thermo-Mediterranean portion colonises sandy, nutrient poor 
soils in coastal areas of Alentejo and the coastal landscape of Portugal (J35) on the one hand, 
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where they are differentiated by, e.g., the psammophilous Juniperus navicularis, and on the other 
hand highly skeletal soils on siliceous bedrock (J36), without pronounced psammophytes. With 
increasing elevation and distance from the coast (Serra de Monchique, Portuguese divide), meso-
Mediterranean expressions of cork oak forest take over, in which thermally demanding tree spe-
cies (Olea, Myrtus) are lacking while at the same time, deciduous oaks (Quercus canariensis) may 
be admixed (J25). The continuous Portuguese cork oak landscape stretches from the Algarve in 
the south to the area of Coimbra; north of there can be found an isolated meso-Mediterranean sub-
range in the central Duero Basin in the countryside of Porto, with Juniperus oxycedrus as com-
panion species (J24). The northernmost relictual cork oak forests (J23) – differentiated by species 
of mesophilous deciduous forests in the herb layer – occur in Spanish Galicia in the Valley of Sil 
near Orense. With decreasing climatic oceanity, such as in the watershed of the River Guadiana 
(Alto Alentejo), the cork oak forests increasingly retreat to moist sites, to be otherwise replaced 
by meso-Mediterranean Quercus ilex subsp. rotundifolia forests. In the few limestone areas of 
thermo-Mediterranean Portugal, the cork oak landscape is interrupted by endemic-rich, basiphi-
lous kermes oak-juniper scrublands (Quercus coccifera, Juniperus phoenicea subsp. turbinata), as 
around Lisbon and in the Serra de Arrabida near Setúbal (J29) and on Jurassic limestones on the 
south-western tip of the Iberian Peninsula at Cabo de São Vicente (J41). The Quercus ilex subsp. 
rotundifolia forests in the limestone areas of the hill country of the southern Algarve (J38) form 
the western extension of the Andalusian holm oak forests. 

The thermo-Mediterranean Quercus suber forests of the Lusitanian type (J35, J36) stretch from 
the siliceous areas of coastal southern Spain across Gibraltar to the vicinity of Marbella. Their 
meso-Mediterranean extension in the mountains near Algeciras above 400 m (J26) is however 
clearly floristically deviant from the Portuguese meso-Mediterranean expressions of the type (e.g., 
Teucrium pseudo-scorodonia, Luzula forsteri subsp. baetica). The thermo-Mediterranean lime-
stone regions of the Guadalquivir Basin and along the coast from Malaga to Motril are by contrast 
home to the south-west Iberian Quercus ilex subsp. rotundifolia forests (J38), likewise with its 
own floristic characters (i.a., Aristolochia baetica, Bupleurum gibraltaricum). Quercus ilex subsp. 
rotundifolia also forms forests over silicate-rich substrates, as is the case north of Guadalquivir in 
the Sierra Morena (J37), where Quercus suber is no longer competitive due to climatic reasons. A 
special edaphic situation is the extensive Andalusian black soil region near Cadiz. Here, Quercus 
species are not able to compete due to the high proportion of clay minerals in the soil, and Olea 
europaea subsp. oleaster is presumably the stand-forming species (J42). The meso-Mediterranean 
zone of Andalusia east of the Guadalquivir Basin (ca. 800-1500 m) is the domain of basiphilous 
Quercus ilex subsp. rotundifolia forests, in the presence of greater soil moisture also Quercus 
faginea and Acer monspessulanum, which are differentiated from thermo-Mediterranean types 
amongst other things by the presence of Paeonia coriacea (J3). The high mountains of the Sierra 
Nevada also host supra-Mediterranean Quercus ilex subsp. rotundifolia forests between 1400 and 
1900 m, floristically differentiated by woody companion species such as Acer granatense, Ber-
beris vulgaris subsp. australis and Prunus ramburii (J10). 

The south-eastern Spanish dry region between Almeria and Murcia, lying in the rain 
shadow of the high Baetic mountains, is with its annual precipitation of 400 mm the potential 
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natural zone of semiarid Pistacia lentiscus bush forests with Olea europaea subsp. oleaster and 
locally also Juniperus phoenicea as woody companion species, as well as several lianas and 
woody vines (Lonicera implexa, Rubia peregrina, Asparagus albus) as an additional structural 
element (J43). Evergreen oak species are not able to compete here. The mean annual precipitation 
can be locally as low as 200 mm or the sites can be edaphically dry (gypsum marl) or physiologi-
cally dry through wind desiccation. This robs the pistachio scrub type of its needed moisture; it is 
accordingly replaced by semiarid to arid dry scrub dominated instead by Ziziphus lotus (J52). Pe-
riploca angustifolia is the leading species in the dry scrub of the driest and windiest coastal locali-
ties (between Cabo de Gata and Carboneras; J53); in the vicinity of Almeria it is Maytenus sene-
galensis subsp. europaea (J51). The meso-Mediterranean belt of the mountainous hinterlands, 
with its mean annual precipitation of 400-500 mm, is taken over by Juniperus oxycedrus-rich 
kermes oak (Quercus coccifera) scrub, often with an open canopy of Pinus halepensis. The ex-
pression of the type in the mountainous country north of Almeria (J31) is distinguished (weakly) 
by geographical differential species from that in the mountains above Murcia (J30). Only with 
increased precipitation in supra-Mediterranean localities (ca. 900-1900 m) does Quercus ilex 
subsp. rotundifolia become competitive and overlaps east of the Sierra Nevada the Quercus coc-
cifera belt on both limestone (J9, with Juniperus thurifera) and silicate and serpentine rocks (J7, 
with Adenocarpus decorticans). 

The continentally toned interior  of the Iberian Peninsula (Castilla – La Mancha, Extre-
madura) is covered over large areas by meso-Mediterranean Quercus ilex subsp. rotundifolia for-
ests. Old single-stemmed trees still persist as fodder trees in many areas in open pasture wood-
lands (dehesas), especially in the Extremadura. The widely distributed expression of these forests 
over siliceous rocks (Pyro bourgaeanae- Quercetum rotundifoliae, J1) is differentiated by edaphic 
indicator species from a basiphilous extension, which occupies a western sub-range in the Extre-
madura (Paeonio coriaceae-Quercetum rotundifoliae, J2) and eastern sub-range in New Castille 
(Bupleuro rigidi-Quercetum rotundifoliae, J4). North of the Castilian divide, one can compare the 
differentiation of the Quercus ilex subsp. rotundifolia forests on the old Castilian plateau of Sala-
manca and Valladolid. The stands of silicate and serpentine areas are separated into a western 
(Genisto hystricis-Quercetum rotundifoliae, J5) and eastern (Junipero oxycedri-Quercetum rotun-
difoliae, J6) extension through the presence or absence of oceanically inclined differential species. 
These two expressions stand in contrast to the basiphilous types on Mesozoic and Tertiary lime-
stone (Junipero thuriferae-Quercetum rotundifoliae, J9). North of Burgos, the inner Iberian Quer-
cus ilex subsp. rotundifolia forests drop out on the southern slope of the Cantabrian Cordillera, 
becoming restricted to supra-Mediterranean special habitats over compact limestone (Spiraeo 
obovatae-Quercetum rotundifoliae, J8). 

The above mentioned central and eastern Iberian Quercus ilex subsp. rotundifolia forests also 
cloak the meso-Mediterranean mountain chain surrounding the north-eastern Iberian Ebro Basin 
in Catalonia, where they are likewise differentiated according to substrate and elevation. The 
interior of the basin around Zaragoza, by contrast, removed as it is from coastal influences, is 
dominated by meso-Mediterranean kermes oak scrublands (Rhamno lycioidis-Quercetum coccif-
erae, J30) owing to its lower mean annual precipitation. The kermes oak is also both structurally 
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and diagnostically an important woody component of the thermo-Mediterranean Quercus ilex 
subsp. rotundifolia forests on the eastern Spanish coast between Valencia and Tarragona (J39). 
Together with Pistacia lentiscus, it can form coastal scrublands on semiarid sites in the region 
between Valencia and Alicante (J44), in which Quercus ilex subsp. rotundifolia cannot compete. 
These scrublands form a transition to the afore-mentioned pistachio scrublands to the south in the 
south-eastern Spanish dry region. To the north, the Catalonian Quercus ilex subsp. rotundifolia 
forests transition along the southern foot of the Pyrenees into relictual stands rich in Buxus sem-
pervirens (Helleboro foetidi-Quercetum rotundifoliae, J12). Finally, in the northern section of the 
Catalonian coast near Barcelona, i.e., outside of the range of Quercus ilex subsp. rotundifolia, 
where the climate is more moderated, ‘northern Mediterranean’, the forests are formed by Quer-
cus ilex subsp. ilex (J14) and once again by Quercus suber (J27). 

The Balearic Islands, positioned off the coast of Catalonia, are completely dominated by ever-
green sclerophyllous vegetation, which is synchorologically distinguishable from the expressions 
on the mainland by a group of island endemics. A further differentiation on Mallorca is exhibited 
mainly in the form of thermal parameters. The southern coastal region is characterised as the re-
gion of drought resistant carob tree forests (J46), the less dry interior and northern coast on the 
other hand as that of the thermo-Mediterranean Quercus ilex subsp. rotundifolia forest (J40). The 
mountain summits of the island’s interior, by contrast, support meso-Mediterranean holm oak 
forest (Cyclamini balearici-Quercetum ilicis, J16) if there is sufficient mean annual precipitation. 
Insular isolation effects determine the floristic differences in the thermo-Mediterranean vegetation 
of the neighbouring islands of Menorca (J47) and Ibiza (J45). 

Mediterranean southern France is closely tied to the historical development of phytosociologi-
cal research of the evergreen broadleaved vegetation of southern Europe. Here Braun-Blanquet 
developed his concept of the closed holm oak forest (with Quercus ilex subsp. ilex) as the mature 
successional stage of the natural vegetation of the Mediterranean winter rainy region (‘Quercetum 
ilicis gallo-provinciale’ Br-Bl. 1936), thus casting light upon the syndynamic relationships with 
the current macchias and garrigues. This research actually took place in the floristically ‘depau-
perate’ northern edge of the Mediterranean, where the thermo-Mediterranean zone, for climatic 
reasons, is virtually absent (with the exception of island-like occurrences near Monaco, J48). 
Meso-Mediterranean Quercus ilex forests could potentially occupy the coastal regions of northern 
Catalonia, the Languedoc, Provence and the French Riviera (Viburno tini-Quercetum ilicis). Di-
agnostic, though syntaxonomically and synchorologically not restricted to this area, is the richness 
in lianas and clambering shrubs (Smilax aspera, Rubia peregrina, Tamus communis, Lonicera 
implexa, Rosa sempervirens, Asparagus acutifolius, Clematis flammula, Hedera helix). Pinus 
pinaster and P. halepensis can play a role as woody companion species in the tree layer on shal-
low soils and as disturbance indicators. On the eastern foot of the Pyrenees (Roussillon) as well as 
on the coast of the French Riviera between Toulon and Cannes (Massif de Maures), the cork oak 
is by contrast the main forest-forming species on oligotrophic, leached siliceous soils (Carici de-
pressae-Quercetum suberis, J27). In regions at some distance from the coast in the central moun-
tainous hinterlands of northern Catalonia (Montserrat-massif) and in southern France (in the 
Rhône Valley northwards towards Valence) can be found supra-Mediterranean holm oak forest 
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(Asplenio onopteridis-Quercetum ilicis, J15), the classical ‘Quercetum ilicis mediterraneo-
montanum’ Br.-Bl. 1936, in which evergreen woody companion species drop out with increasing 
distance from the coast to be gradually replaced by deciduous woody species, especially Quercus 
pubescens. 
 
Apennine Peninsula and Tyrrhenian Islands 

Benefiting from the direct contact with the Alps, deciduous oak and beech forest communities in 
the mountainous systems from the Apennines to the southern tip of Italy have developed a pro-
nounced competitive advantage in the course of post-glacial floristic history, leaving the Mediter-
ranean evergreen sclerophyllous vegetation on the Apennine Peninsula restricted to a narrow 
coastal strip and isolated rock outcrop habitats at inland localities. On mainland Italy, evergreen 
broadleaved forests cover larger areas only in Calabria and Apulia; along the central and northern 
Adriatic coast, by contrast, they are absent over large areas. The meso-Mediterranean holm oak 
forests of Italy are floristically and ecologically not greatly different from those of southern 
France. Deciduous species, however, and especially Fraxinus ornus and Ostrya carpinifolia, are 
represented regularly and with high cover in the tree layer. Synchorologically, the Italian Quercus 
ilex forests can be classified into a Tyrrhenian (J17), an Adriatic (J19) and a southern Italian-
Sicilian portion (J21), although actually only the latter possesses a sufficient number of geo-
graphical differential species. In the countryside near Rome (Umbria) basiphilous relictual holm 
oak stands (Cephalanthero-Quercetum ilicis, J18) occur embedded in the deciduous forests of the 
central Apennines, on edaphically special habitats (shallow and rocky limestone slopes). These 
are characterised by a series of mesophilous companion species in the herb layer. The thermo-
Mediterranean zone of southern Italy (0-300 m) reaches its northern limits between Naples and 
Rome (north of Rome disjunct on Monte Argentario) and on the Adriatic side on Monte Gargano. 
Wild olive tree-carob tree forests are the assumed climax community of this zone. The current 
vegetation of these sites is dominated by Pistacia lentiscus and Euphorbia dendroides. Syn-
chorologically they are presumably only negatively characterised; in other words, owing to the 
absence of western Mediterranean and/or eastern Mediterranean differential species, these com-
munities can be considered a stand-alone group of central Mediterranean communities (J48). 

The sclerophyllous forest vegetation of Sicily,  Sardinia and Corsica, and especially the suc-
cessional replacement communities, is as would be expected syngeographically differentiated 
from the mainland expressions by a series of island endemics. This is however of little signifi-
cance for an ecological and structural understanding of the thermo-Mediterranean ‘Oleo-
Ceratonion’ vegetation (J48) and the meso-Mediterranean ‘Quercion ilicis’ vegetation (J17, J21). 
Noteworthy on Sicily is the occurrence of dwarf palms (Chamaerops humilis) in the thermo-
Mediterranean zone. This species, which is common on the Iberian Peninsula, reaches its absolute 
eastern limits here. On Corsica, the coastal strips in the east and south-west of the island on gran-
ite are covered in Tyrrhenian cork oak (Quercus suber) forests. 
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The Balkan Peninsula and Aegean Sea 

In Dalmatia, as in trans-Adriatic eastern Italy, the Mediterranean evergreen broadleaved vegeta-
tion is restricted to an extremely narrow coastal band. It is additionally influenced by the ecologi-
cally limiting local climatic effects (Bora) of the Dinaric Alps, that rise immediately from the 
coast. Pure Quercus ilex forests - with their evergreen elements stemming from the constant pres-
ence of Pistacia lentiscus and Myrtis communis, and in which Pinus halepensis can play a greater 
(syndynamic) role – are accordingly nearly exclusively restricted to the Adriatic islands, and even 
here they are bound to sites on the seaside or on southern exposures or to limestone sites. Locally 
developed vegetation types approaching that of thermo-Mediterranean ‘Oleo-Ceratonion’ (J48) 
have a pronounced extra-zonal character (on the Island of Vis, vicinity of Dubrovnik). More 
widespread and characteristic for the narrow Mediterranean portion of the Dalmatian mainland is 
the ‘half-evergreen’ holm oak forest type, with a strong element of deciduous species in the tree 
(Fraxinus ornus, Ostrya carpinifolia) and shrub layers (Hippocrepis emerus subsp. emeroides, 
Cornus mas, etc.). This is a trans-Adriatic unit which is identical in vegetation systematics to the 
forest community on the eastern coast of Italy (J19). Its flora its enriched through contact with the 
deciduous forest vegetation of the Velebit mountain range in the greater representation of 
Quercetalia pubescentis elements. 

In Albania the higher mountains are in places somewhat more removed from the Mediterranean 
coast, such as around Tirana and Elbasan, so that evergreen holm oak forests of the Dalmatian 
type (J20) can extend further into the (colline) inland. The south of the country is thermally 
clearly more favourable, and the evergreen sclerophyllous vegetation assumes an increasingly east 
Mediterranean character, for instance in the appearance of Arbutus andrachne in the vegetation. 
On lower slopes in the immediate vicinity of the coast, particularly if limestone is present, one can 
assume reduced competitiveness of the holm oak. Here (from Vlora to Saranda) the meso-
Mediterranean Quercus ilex zone (J22) is underlain by a narrow Olea-Pistacia-dominated thermo-
Mediterranean belt (J49). 

To the south in neighbouring Greece, the Mediterranean evergreen broadleaved vegetation of the 
Balkans reaches its full development and site differentiation. On the Greek mainland, the thermo-
Mediterranean belt of potential eastern Mediterranean wild olive tree-carob tree forests (J49) en-
compasses the whole of the coastal hill country of the Peloponnese, Attika and the Gulf of Cor-
inth, following the coast northwards to ultimately taper off along the eastern Thessalonian coast 
and the Chalkidiki Peninsula. While the type is disjunct in western Greece on the seaward side of 
the Ionic Islands, it is absent on the coast of the adjacent Ionic mainland. The poor competitive-
ness of hygrically more demanding evergreen tree species, the (secondary) mass occurrence of 
Pistacia lentiscus and Quercus coccifera and the occurrence of thermally demanding regional 
differential species (Prasium majus, Euphorbia dendroides, Urginea maritima, etc.) differentiate 
the thermo-Mediterranean vegetation complex from the meso-Mediterranean holm oak and ker-
mes oak forests of the moister and higher localities, more distant from the coast, in the inland 
Peloponnese and central Greece (J22). In northern Greece, sclerophyllous vegetation is com-
pletely absent along long stretches of the Aegean north coast east of the Chalkidiki Peninsula, 
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owing to climatic factors. Outlying occurrences on south-facing slopes on the Thracian coast near 
Alexandroupolis exhibit a rather extra-zonal character. Dense closed forest up to 20 m in height 
with Quercus ilex, Q. coccifera, Arbutus unedo, A. andrachne, Laurus nobilis and Cercis siliquas-
trum in the tree layer are locally to be found in the Parnon Mountains (Peloponnese) and the Pil-
ion Mountains (eastern Thessalia). In montane localities in mature stands, Fraxinus ornus can co-
dominate. The necessary descriptive and syntaxonomic basis for the delimitation of a mapping 
unit of supra-Mediterranean evergreen broadleaved vegetation (following the example of the Ibe-
rian Peninsula) is lacking for the Balkans. In the central Greek landscapes of Boeotia and Thes-
salia, sheltered as they are from the sea, Quercus ilex is not competitive, and Quercus coccifera 
determines the zonal forest vegetation (J33), accompanied with high constancy by Phillyrea lati-
folia and deciduous oaks (Quercus pubescens, Q. frainetto, Q. cerris). Corresponding to the con-
tinental influence on the habitat, the elements of the shrub layer of such kermes oak forests are 
chiefly deciduous (Crataegus monogyna, Pyrus spinosa, Pistacia terebinthus, etc.). 

The islands of the Aegean are predominantly characterised by thermo-Mediterranean sclerophyl-
lous vegetation (J49). Quercus ilex retreats here, sometimes even as a chasmophyte, to sites with 
considerable humidity, thereby exhibiting increasingly extra-zonal behaviour. Larger expanses of 
meso-Mediterranean holm oak forest (J22) occur where sufficient precipitation is present, i.e., 
only in the lower- and middle elevations of Euboea and Crete, on isolated higher island summits 
of the Cyclades, and on the thermally and hygrically more moderate islands of the north Aegean. 
Besides Quercus coccifera, the primary forest-forming species of the zonal Mediterranean vegeta-
tion in the Aegean (as in neighbouring Asia Minor) are mainly pines (especially Pinus brutia, 
locally also P. halepensis). This is in part attributable to that fact that Quercus ilex is here at the 
climatically determined eastern limits of its range (easternmost occurrences are on the western 
and northern coasts of Turkey). 

In the European portion of Turkey, Mediterranean sclerophyllous vegetation occupies a nar-
row, interrupted band on the northern coast of the Sea of Marmara between Dardenelle and the 
Bosporus. Only the southern tip of the Gallipoli Peninsula offers the required habitats for thermo-
Mediterranean ‘Oleo-Ceratonion’ vegetation (J50), the syntaxonomic differentiation of which 
from the expressions on the Cyclades and the eastern Aegean islands is still unclear. The meso-
Mediterranean sites are encompassed by southern Thracian Quercus coccifera forests (J34), in 
which Pinus brutia and Quercus infectoria as companion species assume importance as structural 
and phytogeographical differential taxa. 
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K  Xerophytic coniferous forests, coniferous woodland and scrub 

Erwin Bergmeier 

Characterisation and typological delimitation; stand structure and physiognomy 

Formation K, encompassing xerophytic coniferous forests, woodland and scrub, consists of coni-
fer-dominated communities of dry sites on shallow soils well removed from groundwater. Stands 
are mainly formed by tree species of the genus Pinus. More rarely, Abies, Juniperus and Cupres-
sus dominate. Single species dominance is common. 

The habitat spectrum of the mapping unit is broad. It includes both spatially extensive zonal habi-
tats of the Mediterranean region and small-scale, specialised habitats such as steep, south-facing 
slopes, areas of shallow soils in arid regions and on alluvial deposits, timberline and other forest 
boundary situations. The formation thus includes zonal, extra-zonal and azonal climax communi-
ties. Deciduous forests are at a competitive disadvantage, either due to the aridity and shallow 
soils, or more rarely owing to particular soil chemical properties or the lack of nutrients. The 
meshing of special geological and edaphic factors with local climatic conditions provides for a 
large number of regionally distributed units, many of which are of a relictual nature and are 
marked by phytogeographical highlights. Most of the occurrences on the map are of limited geo-
graphical extent; many natural stands cannot even be displayed at the given map scale.  

Against the background of the genetic variability of the various dominant tree species, both natu-
ral abiotic factors and human use determine the physiognomy of xerothermic coniferous forests. 
Xerophytic coniferous forests are currently found mainly in the form of open woodlands. Their 
stand structure is shaped by edaphic and climatic factors, but is often altered by anthropogenic 
intervention. This can result in stands so open that the spacing between the trees is greater than 
their respective heights. Even in closed forests of Pinus and Cupressaceae, relatively much light 
can reach the forest floor. Closed Abies forests, by contrast, can be very dense and shaded. Most 
conifers are naturally predisposed to forming a single trunk; so much the more striking is there-
fore the tendency towards formation of multiple trunks in many southern, anthropogenically in-
fluenced forests (Abies cephalonica, Cupressus sempervirens).  

Characteristic for most xerothermic coniferous forests is the high proportion of light-demanding 
species in the herb layer. The species composition often exhibits great similarity to vegetation of 
adjacent natural or anthropogenic open habitats. The open stand structure favours the formation of 
undergrowth. The shrub layer achieves mostly low cover values, but as a rule it is richer in species 
and in numbers of individuals than in neighbouring deciduous forests. The herb layer achieves 
high cover values and is rich in dwarf shrubs and grasses. Cryptogams (mainly mosses, but in part 
also lichens) can likewise achieve considerable cover values. 
 
Geographical distribution 

Xerophytic coniferous forests are found in the map area in southern Europe from Spain to Tran-
scaucasia (see Map 15 and map sheets 7-9 at the scale 1:2500000). The elevation span takes in 
approximately 2500 m and extends from plains regions to subalpine localities. The nemoral zone 
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is reached in the Cantabrian Range, the Pyrenees, the Alps and the Carpathian Mountains. In the 
sub-meridional and meridional zones, the mapping unit is widespread, though scattered, in the 
thermo-, meso-, supra- and oro-Mediterranean altitudinal belts. In Spain there are occurrences in 
the Cantabrian Mountains, in the Pyrenees, in the Iberian Border Mountains and the Baetic Cor-
dillera. In the arch formed by the Alps, large occurrences are to be found in the dry valleys of the 
western and central Alps as well as locally in the eastern Alps and generally in the foothills and 
outer ranges of the Alps. The Apennine peninsula is home to isolated occurrences in Abruzzia, in 
Calabria and on Sicily. Numerous mapping units are restricted to the mountains of the Balkan 
Peninsula, from the eastern Alpic-Illyric and Dalmatian region to the Rhodopes and in the ex-
treme south of Greece, the Peloponnese. In the south-east, the distribution of xerophytic conifer-
ous forests stretches from the mountain chains of the Dinarides and Hellenides into the western 
and southern Aegean (Euboea, Crete). Mapping units of the eastern and northern Aegean (Samos, 
Thasos) as well as the European part of Turkey exhibit affinities with the dry coniferous forests of 
Asia Minor. Outside of the map area, related forest types occur in north Africa, Anatolia and the 
Middle East. 
 
Floristic composition (species composition) 

Xerophytic coniferous forests possess a monotone forest canopy (i.e., mono-dominant or some-
times even mono-specific). This contrasts with the woody undergrowth and the herb layer, which 
can be very species-rich. They include some of the species-richest plant communities in the entire 
spectrum of European forest vegetation. The most important genus amongst the conifers is Pinus. 

The common (‘Scots’) pine (Pinus sylvestris) is the tone-setting tree species of the pine forests of 
the inner and peripheral parts of the Alps as well as of the Pyrenees. Pinus sylvestris also occurs 
in the Balkans, especially in higher, less dry localities. Its range does not extend farther south than 
northern Greece. The species is very variable and is represented by different morphotypes in the 
various portions of its range. Trees in the south-west of Europe are characterised by a straight bole 
with branches inserted at right angles, a thin, scaly bark as well as the more or less conical shape 
of the crown (including the vars. iberica, catalaunica and pyrenaica). Trees in Central and south-
eastern Europe tend to have broader crowns with crooked stems and thick, cracked bark, whose 
branches are inserted at narrow angles (including the vars. engadinensis, romanica and 
rhodopaea). 

More xerophilous and more widely distributed within the area of the present mapping unit are the 
various forms of the black pine (Pinus nigra s.l.). This species is represented by a series of vi-
cariant taxa, treated here as subspecies, which are themselves variable and occur in the sub-
Mediterranean and Mediterranean mountains. They include: 

– the western forms, characterised by flexible needles, with P. nigra subsp. salzmannii (Ceven-
nes, Pyrenees, central and eastern Spain) and subsp. laricio (Corsica, Calabria, Sicily); 

– the eastern forms, with the stiff-needled P. nigra subsp. nigra (from the southern Alps to the 
Balkans and Calabria), subsp. dalmatica (in the coastal regions of Croatia) and subsp. pallasi-
ana (Balkans, Anatolia, Crimea). 
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The Balkan pine (Pinus heldreichii), which according to most taxonomists includes P. leucoder-
mis at the varietal level, occurs in the western Balkans and locally in southern Italy. It occurs at 
higher elevations than the black pine, reaching 2300 m on Mt. Olympus (Greece) and continuing 
as a shrub to 2500 m. Here and in many other Balkan Mountain ranges Pinus heldreichii forms 
the alpine tree line. The unfavourable moisture conditions on the shallow, rocky outcrops of car-
bonate, dolomite and ophiolite are accentuated by the Mediterranean-influenced high mountain 
climate with a marked summer precipitation deficit. 

Another group of xerophytic coniferous forests dominated by pines is typical of extreme sites in 
lower elevation, thermo- to meso-Mediterranean localities. Stands here are formed by the Aleppo 
pine (Pinus halepensis) and its relatives. The complex includes Pinus halepensis which is widely 
distributed in coastal regions of the western and central Mediterranean to the northern Aegean, 
being replaced in the eastern and southern Aegean by the the closely related Pinus brutia. Many 
taxonomists assign the latter species as conspecific with Pinus pityusa, a stand-forming species in 
areas of Mediterranean climate on the northern and eastern edges of the Black Sea (Crimea, north-
western Georgia). 

Xerophytic fir forests are restricted to small areas of the meso- and supra-Mediterranean belt of 
southern Spain (Abies pinsapo) and southern Greece (Abies cephalonica). 

Arborescent juniper species can form open woodlands up to 15 m in height, but occur often over 
such small areas that they cannot be displayed at the map scale used, or they occur within the con-
text of other xerophytic formations. The species involved are Juniperus thurifera in Spain, J. foe-
tidissima and J. excelsa in the area of the Black Sea coast and the southern Balkans (where they 
are very limited in extent and accordingly not displayed on the map), J. polycarpos in Transcau-
casia and J. drupacea in Greece (Parnon Mountains, as part of the Abies cephalonica forests and 
not displayed separately; also outside of the mapped area in Anatolia and the Middle East). Other 
Juniperus species can occur in scrub formations and in the woody undergrowth of xerophytic 
conifer woodlands: J. oxycedrus, J. sabina, J. communis subsp. communis, subsp. hemisphaerica, 
subsp. alpina and J. phoenicea. Relictual natural cypress forests (Cupressus sempervirens) are 
restricted in Europe to the island of Crete (Greece: south Aegean), although beyond the mapped 
area they extend as far as northern Iran. 

Numerous shrubs and low trees are part of the composition of pine-, fir- and Cupressaceae-
dominated xerophytic coniferous forests. Many are species that occur beyond the immediate cover 
of the conifers in open successional replacement communities or on naturally open sites. Phyto-
geographically and ecologically characteristic species are to be found amongst the dwarf shrubs. 
These are particularly conspicuously represented by genera and species of the Genisteae (Genista 
aetnensis, G. carinalis, G. januensis, G. lydia, G. radiata, G. rumelica, G. sericea, Chamaecytisus 
eriocarpus, C. polytrichus, C. purpureus, C. spinescens, C. supinus, Cytisus oromediterraneus, 
Cytisophyllum sessilifolium) and Ericaceae (Arctostaphylos uva-ursi, Bruckenthalia spiculifolia, 
Calluna vulgaris, Erica carnea, E. manipuliflora, Vaccinium myrtillus, V. vitis-idaea). A number 
of genera among the non-woody plants are also represented in xerophytic coniferous forests by 
several, in part characteristic species. These include Pyrola, Festuca, Gentiana, Edraianthus, As-
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tragalus and especially Sesleria (S. albicans, S. anatolica, S. autumnalis, S. coerulans, S. latifolia, 
S. robusta, S. tenuifolia). However, the well-known taxonomic difficulties in Sesleria require that 
caution be exercised: many reports of certain species in certain pine forest types are in need of 
confirmation.  

Many xerophytic coniferous forests represent relictual habitats. By their very nature, these habi-
tats are often mixed with non-forested outcrops and pronouncedly rich in ecotones. Because of 
this, many xerophytic coniferous forests are not only unusually species-rich, but also rich in relicts 
and endemics. A not inconsiderable number of mapping units occur on specific geological sub-
strates (e.g., serpentine, dolomite), that favour plants with corresponding affinities for such rocks. 
Species that have their emphasis in, e.g., serpentine pine forests, include Peltaria emerginata 
(Brassicaceae), Daphne blagayana (Thymelaeaceae) and Festucopsis serpentini (Poaceae). 
 
Climatic factors 

A generalised climatic characterisation of xerophytic coniferous forests would scarcely do justice 
to the diversity of different habitats in which they occur. The macroclimate can be accurately cir-
cumscribed as sub-Mediterranean to Mediterranean (with few exceptions, such as in the northern 
and north-western mapping units). The climate at the local level, however, modified and accentu-
ated as it is by the topographical-edaphic situation, can be much more decisive for the vegetation 
of special habitats. Such climatic idiosyncrasies are usually not captured by meteorological sta-
tions. They can be much more readily interpolated from the climatic data of neighbouring decidu-
ous forest formations of the same latitude and altitude, although the local conditions of xerother-
mic coniferous forests is usually much drier and more strongly exposed.  

In the case of widespread, zonal communities (especially the fir forests, cypress forests and sev-
eral pine forest units), the regional climate varies between semi-arid and hyper-humid, depending 
on altitude and latitude. Notwithstanding, a more or less pronounced summer precipitation deficit 
occurs nearly throughout. The annual precipitation varies from scarcely 400 mm (coastal regions 
of the Crimea, southern Crete, southern France) to over 1600 mm (Baetic Cordillera, Pyrenees, 
high elevations of the Balkan Mountains). Winters are mostly rich in snow. 
 
Site conditions 

Xerophytic conifer forests occur on the widest possible array of different carbonaceous, siliceous, 
dolomitic and ophiolithic rocks, and also on flysch and younger deposits. Most sites have in 
common poor soil development and corresponding low water availability to plants. The edaphic 
aridity, combined with the exposition-dependent irradiation intensity, sets the conditions for the 
competitive superiority of drought tolerant coniferous forest vegetation over deciduous forest 
vegetation of comparable geographical localities. For this reason, parent materials with naturally 
weak soil development, eroded rocky soils or immature soils with limited water holding capacity 
are preferred habitats of xerophytic coniferous forests. The parent material types with weak soil 
development include especially metamorphic hard limestone, calcareous marls, gypsum, dolimite 
and ophiolite. The latter are furthermore known for toxic site properties that function selectively 
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on the species composition and inhibit the growth performance of the vegetation, in turn inhibit-
ing humus development, mineralisation and pedogenesis. Ophiolite pine forests (Pinus nigra, P. 
heldreichii) that were sufficiently large that they could be displayed on the map are to be found 
especially in the Balkans. 

Crystalline limestones and dolomites in the Mediterranean region favour pine, juniper and fir spe-
cies. Secondary habitats with pines in early successional pioneer forests in place of broadleaved 
evergreen forest and scrub is common in the Mediterranean region and is often a result of forestry. 
Such stands are integrated on the map into the formation J. 
 
Role in structuring the landscape, land use, substitute communities; nature conservation 

With respect to their role in the landscape, three groups of xerophytic coniferous forests and co-
niferous open woodland can be differentiated: 

 – azonal and extra-zonal pine forests of shallow, dry to rocky sites; 

 – zonal thermo- and meso-Mediterranean pine forests; and 

 – zonal supra- and oro-Mediterranean conifer forests. 

Xerophytic coniferous forests of the first group occur on special thermo-edaphic habitats such as 
steep slopes, knolls, ridges, rock outcrops, in the vicinity of landslides in dry floodplains and in 
locally aberrant soil and rock conditions. Because they occupy such small areas, they could only 
be displayed in certain cases at the scale of a European map. Such azonal climax forests are insu-
lar in the surrounding zonal vegetation – mainly deciduous forests – and contribute substantially 
to the species and habitat diversity of an area. In the refugial areas of the inner and peripheral 
Alps, they are especially rich in thermophilous, sub-Mediterranean to sub-continental relicts. In 
the ophiolite regions of the Balkans and the foothills of the Alps, they are home to many serpen-
tine specialists, many of which are endemic. The forests are consequently of high significance for 
nature conservation at both a regional and European scale. Owing to their small economic value 
and the sometimes difficult access, these stands have been and continue to be little threatened. 
They remain in relatively good condition. However, in some areas the establishment and opera-
tion of quarries poses a threat. 

Natural thermo- and meso-Mediterranean pine forests could likewise scarcely be displayed on the 
map. These forests are both spatially and evolutionarily closely allied with Mediterranean sclero-
phyllous forests. The dynamics of such pine forests, the conditions of their colonisation, their per-
sistence as well as their historic role in the vegetation of the Mediterranean region deserve more 
detailed study. Because of the close dynamic, ecological and phytosociological relationships to 
sclerophyllous vegetation, most meso- (to thermo-) Mediterranean pine forests on the map of the 
natural vegetation of Europe are displayed and described in the context of Unit J (Mediterranean 
sclerophyllous forests and scrub). Following fire, regeneration of Mediterranean pine species 
(Pinus halepensis, P. brutia) is in general successful; in fact, fire favours pines over oaks. Repre-
sentatives of the genera Abies, Cupressus and Juniperus, by contrast, are not fire-resistant and 
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regenerate poorly. This means that many stands are at considerable risk in light of increasing tour-
ism and economic development. 

The xerophytic coniferous forests of the Mediterranean mountains, which are more zonal than 
azonal in most areas, are formed by firs (Abies cephalonica, A. pinsapo), pines (Pinus sylvestris, 
P. nigra, P. heldreichii), cypress (Cupressus sempervirens) or arborescent junipers (Juniperus 
thurifera, J. excelsa, J. foetidissima) as well as several more rarely occurring tree species. They 
occur primarily in areas of carbonate, dolomite and ophiolite parent material. The condition of 
these Mediterranean montane conifer forests is almost uniformly poor. Many stands are degraded 
or partially destroyed by timber exploitation, ongoing forest grazing with overstocking of live-
stock, and forest fires. For some units only few rather disturbed stands remain which hardly re-
flect species composition and age class structure of natural untouched forests. In many areas coni-
fer woodlands have been increasingly thinned and tree regeneration has been hindered to the point 
that ultimately they have been destroyed, to be replaced by dry grasslands and dwarf shrub heaths. 
These developments have strongly impacted forests of the endemic European tree Abies cephalo-
nica and on a local scale has led to the reduction of stands of that species. The same is also true of 
other trees restricted to small areas (Cupressus sempervirens, Juniperus thurifera, J. excelsa). 
Furthermore, the remaining stands of two other endemic European trees (Abies pinsapo, Zelkova 
abelicea) must be regarded as threatened, despite the creation of protected areas. The only remain-
ing natural population of the Sicilian fir (Abies nebrodensis) consists of only a few individual 
trees, so that the formerly extensive fir forests of northern Sicily can no longer be represented in 
the map of the current natural vegetation. Numerous herbaceous species of the Mediterranean 
montane forests are also threatened. The major significance of the xerophytic conifer forests for 
nature conservation can be deduced from the fact that for no other mapping unit are there so many 
tree species endemic to Europe; and this is no different for the herbaceous species. The remaining 
stands of threatened tree species and representative forest areas of all vegetation types are ex-
tremely worthy of protection and require consistent protective measures in all Mediterranean 
mountain ranges. 
 
Position in the phytosociological system (syntaxa) 

Formation K, with its xerophytic coniferous forests, open conifer woodland and scrub, is syntax-
onomically heterogeneous, which is not surprising considering their enormous geographic, eco-
logical and floristic spectrum. Owing on the one hand to the rarity of many xerophytic conifer 
forests, their remoteness and the difficulty in accessing stands, but on the other also likely due to 
methodological problems of the delimitation of relevés and syntaxa, the baseline of data is in 
some regions unusually poor. This renders an attempt at a syntaxonomic overview difficult. In the 
case of many communities, there is still a deficiency in uniformly gathered data, and several units 
are phytosociologically virtually unknown. The following syntaxonomical overview is therefore 
an approximation. Many of the assignments deserve critical assessment; some concepts, which 
have been proposed and discussed in the literature, will only be supported through methodologi-
cally uniformly sampled relevé material and large-scale comparisons. 
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Syntaxonomic overview of formation K: 

Erico-Pinetea Horvat 1959 
 Erico-Pinetalia Horvat 1959 

Erico-Pinion sylvestris Br.-Bl. 1961     K1, K2, K3 
Ononido-Pinion Br.-Bl. 1950      K1 
Pinion nigrae sensu Pignatti 1998     K10 
Orno-Ericion Horvat 1959      K8, K9, K13, K14, K15, K16 
Pinion leucodermidis Horvat 1946 (Pinion heldreichii Horvat 1946)  K6 p. maj. p., K7 
Pinion kochianae Korzhenevskiy 1986     K20 

Pino-Juniperetea Rivas-Martínez 1964 
Pino-Juniperetalia Rivas-Martínez 1964 (Astragalo monspessulani-Pinetalia  

sylvestris Oberd. ex Theurillat et al. 1995; Juniperetalia hemisphaericae  
Rivas-Martínez et Molina in Rivas-Martínez et al. 1999) 

Berberidion aetnensis Brullo et al. 2001     K12? 
Berberido creticae-Juniperion foetidissimae Brullo et al. 2001  K24?, K32?, K33? 
Juniperion thuriferae Rivas-Martínez 1969    K28, K29, K30 
Junipero intermediae-Pinion catalaunici Rivas-Martínez 1983  

corr. Rivas-Martínez et Molina in Rivas-Martínez et al. 1999  K4, K5 

Rumici-Astragaletea siculi E. et S. Pignatti et Nimis in E. Pignatti et al. 1980 
Pinion nigrae-laricionis sensu Mayer 1984     K12 

Quercetea pubescentis Doing-Kraft ex Scamoni et Passarge 1959 
Quercetalia pubescenti-petraeae Klika 1933 

Abietion cephalonicae Horvat et al. 1974 (Abieto cephalonicae-Pinion  
pallasianae Barbero et Quézel 1976)     K18, K27 

Aceri granatensis-Quercion fagineae (Rivas Goday, Rigual et  
Rivas-Martínez in Rivas Goday et al. 1960) Rivas-Martínez 1987  K25, K26 

Jasmino-Juniperion excelsae Diduch et al. ex Diduch in Mirkin et  
Solomeshch 1990 (Junipero excelsae-Quercion pubescentis Jakucs 1961) K24, K32?, K33? 

Quercetea ilicis Br.-Bl. ex A. de Bolòs 1950     K11, K19, K21, K22, K23, K24 
Pistacio lentisci-Rhamnetalia alaterni Rivas-Mart. 1975 

Acero sempervirenti-Cupression sempervirentis Barbero et Quézel 1980 K31 
Oleo-Ceratonion siliquae Br.-Bl. ex Guinochet et Drouinot 1944  K23 

Quercetalia ilicis Br.-Bl. ex Molinier 1934 
Quercion ilicis Br.-Bl. ex Molinier 1934     K11, K17, K19, K21, K22 

Elyno-Seslerietea Br.-Bl. 1948      K6 p. min. p. 

Daphno-Festucetea Quézel 1964      K6 p. min. p. 
 

Most units belong to the class Erico-Pinetea, which, like its only order Erico-Pinetalia, can be 
characterised as ‘Alpic, sub-Mediterranean, montane, xerophytic pine forests of mainly base-rich 
habitats’. In terms of its geographical distribution, the class covers the entire Alpic-Apennine-
Dinaric realm. Pinus sylvestris forests of the western interior Alps (occasionally also with P. un-
cinata) are placed in the alliance Ononido-Pinion, and are classified by some authors as belonging 
in the otherwise eastern European to western Siberian, continental, thermophilous steppe pine 
forests of the class Pulsatillo-Pinetea. The forests of these alliance stand opposite to their coun-
terparts, the remaining Pinus sylvestris forests of the alliance Erico-Pinion sylvestris in the central 
and eastern Alps, the outer Alpic ranges and the Alpic foothills. This latter alliance extends also 
into the south-eastern Alps and northern Dinarides, where Pinus nigra becomes the definitive 
species. Farther south, with an increasingly sub-Mediterranean climatic influence, though an exact 
delimitation of its limits is not possible with the present state of knowledge, the alliance Erico-
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Pinion is replaced by Orno-Ericion, which takes in dolomite, carbonate and ophiolite black pine 
forests of the Balkans from Dalmatia to north-central Greece. 

Parallel to this on the Apennine peninsula is the alliance Pinion nigrae, which extends south to 
Calabria. The occurrences of P. nigra subsp. laricio (including var. calabrica) in Calabria and in 
the Etna region are no longer classified as Erico-Pinetea communities, but rather are assigned to a 
unit of oro-Mediterranean scrub in southern Italy. Alternative concepts would place these ex-
tremely open pine forests in the alliance Pinion nigrae-laricionis in the class Rumici-Astragaletea 
siculi, or in the alliance Berberidion aetnensis in the class Pino-Juniperetea. Which concept is to 
be preferred cannot be decided here. 

The alliance of Dinaric-Hellenic Balkan pine forests Pinion leucodermidis (with Pinus hel-
dreichii, including the variety leucodermis) has been proposed for the higher elevations of the 
Balkan range of the alliance Orno-Ericion. The few occurrences of Pinus heldreichii in the cur-
rent vegetation in Calabria, by contrast, consist of isolated individuals or groups of trees, scattered 
in rocky oro-Mediterranean Sesleria tenuifolia grasslands. Syntaxonomically these can be referred 
to the class of alpine and subalpine limestone grasslands, Elyno-Seslerietea. An ecological and 
phytosociological parallel can be observed in the Balkans, where stands of Balkan pine exist in 
areas that are open either due to anthropogenic agency or by fire, or also in natural stands near the 
tree line. These stands can be regarded as special species combinations within the Daphno-
Festucetea. 

The name Pinion kochianae has been coined for the basiphytic open forests of the Crimea with 
Pinus kochiana and P. nigra subsp. pallasiana; the alliance can be assigned to the Erico-Pinetea.  

Supra-Mediterranean pine forests with Pinus nigra subsp. pallasiana in southern Greece are 
placed, together with Abies cephalonica forests of the same region, into another syntaxonomic 
context as a separate alliance (Abietion cephalonicae, syn. Abieto cephalonicae-Pinion pallasia-
nae) close to the thermophytic oak forests (Quercetalia pubescenti-petraeae). 

Southerly distributed black pine forests with Pinus nigra subsp. pallasiana are in part also placed 
in the class of Mediterranean evergreen forests (Quercetea ilicis). This is possibly justified for the 
eastern Aegean occurrences on the island of Samos, for which there are however no phytosoci-
ological data. Pine forests with Pinus nigra subsp. dalmatica on the Dalmatian islands also doubt-
lessly belong to this class, as well as the meso- to thermo-Mediterranean pine forests with repre-
sentatives of the Pinus halepensis group, perhaps including those of the Crimea and the western 
Caucasus. Lastly, the natural cypress forests of Crete (Acero-Cupression) are also placed within 
the Quercetea ilicis. 

The Spanish supra- to oro-Mediterranean dry open woodlands with pine and juniper species ap-
pear to be so different that they justify their own class, which also occurs in north-west Africa: 
Pino-Juniperetea. Various alliances have been described, the delimitation of several of which is 
still in need of clarification. Western Mediterranean open montane juniper woodland and scrub 
with Juniperus thurifera and in some cases Juniperus communis subsp. hemisphaerica or J. 
phoenicea are a part of the order Pino-Juniperetalia (Juniperetalia hemisphaericae) with the alli-
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ance Juniperion thuriferae. Oro-Mediterranean pine and juniper open woodland is partly treated 
in the same order, and partly in a separate order Astragalo monspessulani-Pinetalia sylvestris. 
Here belong also the pine forests of the southern montane belt of the Pyrenees, which exhibit flo-
ristic similarities to those of the western Alps (such as the occurrence of Pinus uncinata). The 
range of Pino-Juniperetea is therefore extended by several authors as far as the western dry val-
leys of the Alps. One recent proposal would envision its range extending with the alliances Ber-
beridion aetnensis and Berberido creticae-Juniperion foetidissimae into the central and eastern 
Mediterranean.  

The Baetic supra-Mediterranean Abies pinsapo forests possess a relatively mesophilous character 
and are classified, like the Abies cephalonica forests of the southern Balkans, in the syntaxonomic 
proximity of the thermophilous oak forests (Quercetea pubescentis), more specifically in the alli-
ance Aceri granatensis-Quercion fagineae. 

Outside of the western Mediterranean region, we know too little about the phytosociological clas-
sification of juniper open woodland to be able to assess the floristic relationships and ecology of 
the alliances Juniperion excelsae and Berberido creticae-Juniperion foetidissimae (Balkans, Ana-
tolia), proposed for stands with Juniperus excelsa and J. foetidissima, respectively, or for that 
matter Junipero excelsae-Quercion pubescentis and Jasmino-Juniperion excelsae (Crimea). Syn-
taxonomically, they are assigned to various classes (Quercetea pubescentis, Erico-Pinetea, Pino-
Juniperetea; see also syntaxonomic overview). 
 
Classification into subunits 

For the purposes of the map of the natural vegetation of Europe, the xerophytic conifer forests and 
open conifer woodlands were initially grouped according to their prevailing tree genera and fami-
lies (Pinus, Abies, Cupressaceae). This concept is supported by the physiognomic similarity of the 
stands, even if the resulting units are not congruent with syntaxa based on floristic similarity. The 
procedure makes sense, because the syntaxonomic system for the xerothermic conifer forests 
across Europe is as yet still not well founded and established. Within the three main groups de-
fined by the genera Pinus and Abies and the family Cupressaceae (Juniperus, Cupressus), respec-
tively, the further classification again follows along taxonomic lines, this time at the species level. 
This approach permit a phytogeographic interpretation. The further differentiation makes use of 
specific floristic attributes complemented by habitat and edaphic parameters.  

The following treatment of the 33 mapping units follows the classification concept outlined above 
for the map; the corresponding numeric codes from the legend are provided in parentheses. 
 
K.1.1  Common (‘Scots’) pine forests (Pinus sylvestris), primarily in the nemoral zone 

(K1-K5) 

Of the dominating pine species of the xerophytic conifer forests, Pinus sylvestris is the species 
with the least drought resistance. This explains why the species is the main forest-forming species 
along the northern edge of the units of the formation K. They occur in a band along the south side 
of the Pyrenees and as islands in and along the edge of the Alps. Where they occur, they are fa-
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voured by special climatic, topographical and edaphic conditions. Diverse morphotypes of the 
common pine, that are apparently also ecologically relevant (e.g., the vars. pyrenaica, iberica and 
nevadensis in the oro-Mediterranean pine forests of Spain) are a visible expression of the enor-
mous site adaptability of the species.  

A well-known unit includes the common pine forests (K1) on shallow, in part rocky soils on 
south-facing dolomite and carbonate slopes in the dry inner valleys of the French Alps (Taren-
taise, Maurienne, Briançonnaise), Switzerland (Valais, Albula, Rhine Valley near Chur, and the 
Lower Engadin), Italy (Aosta Valley, Vinschgau, Puster Valley) and Austria (Tyrolean Inn Val-
ley). The stands exhibit a pronounced extrazonal sub-Mediterranean montane character, with nu-
merous thermophilous species in the understorey. Diagnostic, often dominant species include Er-
ica carnea, Sesleria albicans and Polygala chamaebuxus. The occurrence of forests in the western 
Alps with Ononis rotundifolia, Astragalus monspessulanus and A. vesicaria subsp. pastellianus, 
Odontites viscosus and Onobrychis saxatilis, though without Erica and Sesleria, points to phyto-
geographical affinities with the xerothermic pine forests of south-western Europe, particularly the 
Pyrenees (K5). 

The snow heath-common pine forests (K2) on the edge of the Alps are largely determined by geo-
logical and edaphic factors, as well as by local climate. They are represented by numerous occur-
rences of limited spatial extent and small total area primarily on the middle and southern fringes 
of the Alps, at elevations from 600 to 1000 m. As with the forests of the interior Alps, the com-
mon pine exhibits typically weak growth, achieving better growth only on sites with more favour-
able moisture conditions. 

Relatively mesophilous Pinus sylvestris forests (K3) grow on the sandy-gravelly, dry alluvial 
plains and fans of river valleys on both the northern (Lech, Isar) and southern (Piave, Taglia-
mento, Cellina) margins of the Alps as well as in the Alpic foothills and valleys. In part they occur 
together with erect forms of the Pinus mugo group (Pinus rotundata), in complexes with willow 
scrub (Salix elaeagnos, S. purpurea, S. daphnoides) and grey alder riparian forests. 

Owing to the low significance and unsuitability of the sites for forestry, primary common pine 
forests in the Alps have been maintained largely intact and in a relatively natural condition. How-
ever, they have in some cases been replaced by secondary dry grasslands due to forest grazing or 
logging, or have been planted with Pinus nigra. Locally some sites are threatened by the operation 
of quarries or gravel pits. However, secondary pine forests on less extreme sites are presently in 
the process of succession to thermophilous deciduous forest practically throughout their range. 

The montane xerophytic common pine forests of the Pyrenees can be subdivided into a mapping 
unit of mainly siliceous substrates (K4) and one on carbonate rocks (K5). Both occur primarily on 
the south side of the Pyrenees, on south-facing slopes or around summits, where the seasonally 
limited water budget and presumably also the influence of dry winds provide for competitive ad-
vantages. Corresponding to their western position and altitude, they possess a more strongly 
mesophilous character. Dwarf shrubs such as Vaccinium myrtillus, Calluna vulgaris, Arctostaphy-
los uva-ursi and Cytisus oromediterraneus as well as bunchgrasses such as Deschampsia flexuosa 
dominate on silicates. Buxus sempervirens and Juniperus communis subsp. hemisphaerica occur 
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in the shrub layer. The xerophytic pine forests on carbonate rocks (K5) host a series of south-west 
European montane taxa, such as Echinospartum horridum, Polygala calcarea, Sesleria albicans, 
Festuca gautieri, Eryngium bourgatii and Helianthemum nummularium var. roseum. 
 
K.1.2  Balkan pine forests (Pinus heldreichii) (K6, K7) 

With regard only to the number of taxa, the south is actually the primary domain of the genus 
Pinus in Europe. The species complex of the black pine (Pinus nigra), in particular, forms xero-
phytic conifer forests in many parts of the Mediterranean mountains. In the Balkans additional 
species of relictual nature are added, with Pinus heldreichii and Pinus peuce. The latter plays a 
lesser role in the dry pine forests than in the fir-rich conifer forests over siliceous rock, which is 
why they are placed in the Vaccinio-Piceetea outside of the K formation. The Balkan pine (Pinus 
heldreichii), however, can be more competitive than beech and fir given certain geological and 
hydrological conditions, and where it occurs it forms the tree line. The Balkan pine forests of the 
Dinaric-Hellenic realm stretch from the mountains of Bosnia-Hercegovina east of Split into the 
central Pindos and to Mt. Olympus in Greece. The occurrences in Italy lie in the southern Apenni-
nes and northern Calabria. The corresponding mapping unit (K6) includes most Balkan and Italian 
stands and is very heterogeneous with respect to the spectrum of companion tree species and spe-
cies of the understory. The mapping unit doubtless includes numerous edaphically and chorologi-
cally differentiated communities, for which a trans-regional overview is however still lacking. 
Expressions of the mapping unit on serpentine rocks are characterised by habitat specialists such 
as Peltaria emarginata and Daphne blagayana. Albanian Balkan pine forests (K7) are differenti-
ated from the more widespread unit by different dominant grasses (Festucopsis serpentini, Sesle-
ria coerulans) and the mainly siliceous bedrock. Pinus heldreichii forests are of great importance 
for nature conservation due to their high proportion of endemic and otherwise phytogeographi-
cally significant taxa. Logging and grazing are widespread forms of disturbance. Though many 
stands occur in protected areas, they are still not sufficiently protected from disturbance. Fire 
represents a further considerable risk, which grows with continuing human land development. 
 
Black pine forests (Pinus nigra s. l.) (K8-K20)  

The range of black pine forests extends from the south-eastern limestone Alps through the Bal-
kans to the southern Peloponnese and through the Apennine peninsula to Sicily. They occur in 
Carinthia and Dalmatia at low elevations, but farther south are pronouncedly montane. Compan-
ion tree and shrub species such as Fraxinus ornus, Ostrya carpinifolia, Quercus pubescens and Q. 
cerris, often represented by one or few trees in the stands, underline the sub-Mediterranean nature 
of these forests. The floristic characterisation and differentiation of the units is based to a consid-
erable degree on phytogeographically diagnostic species of the herb and shrub layer as well as 
infraspecific taxa of the black pine itself. 

Pinus nigra subsp. nigra extends from the eastern Alps southwards to Serbia and is replaced in 
the southern half of the Balkan peninsula by the subsp. pallasiana (which also occurs in the Cri-
mea and in Anatolia). An aberrant type, whose distribution along the Dalmatian coast points to its 
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pronounced drought resistance, is taxonomically separated as the subsp. dalmatica. In the major-
ity of the Apennine peninsula as far as northern Calabria, the black pine is again represented by 
the subsp. nigra. The regionally diagnostic morphotype is often referred to as ‘P. nigra var. 
italica’. Analogous to subsp. pallasiana in the Balkans, the typical subspecies is replaced in the 
south of Italy (and on Corsica, where it is integrated in the maps into the Corsican beech and fir-
beech forests, cf. F145) by P. nigra subsp. laricio, a subspecies adapted to the dry, pronouncedly 
Mediterranean montane climatic conditions. 

The Julian (K8) and eastern Alpic-Illyric (K9) carbonate and dolomite black pine forests are char-
acterised by Erica carnea, Chamaecytisus purpureus and Sesleria albicans in the herb layer. The 
Julian forests furthermore – corresponding to the geographic location – possess several western to 
central Mediterranean differential species (Bupleurum ranunculoides subsp. gramineum, Euphor-
bia triflora subsp. kerneri) which distinguish them from the Illyrian type, with its Balkan ele-
ments (e.g., Genista januensis). Similar forests, often developed as mixed stands of black and 
common pine, also occur farther south in Bosnia-Hercegovina and Serbia (K13). The majority of 
these stands occur on steep slopes from bare mineral soils and rendzinas over ophiolithic rocks 
and are floristically well characterised by serpentinophytes such as Daphne blagayana and nu-
merous Balkan endemics. 

The black pine forests of Abruzzia (Genisto sericeae-Pinetum nigrae; K10) and Calabria (the 
latter not displayed on the map) are also characterised by representatives of the genus Sesleria (S. 
tenuifolia) and shrub brooms (Genista sericea, Chamecytisus spinescens, Cytisophyllum sessili-
folium). They occur as habitat islands and are limited to small areas in montane localities on steep 
slopes, limestone rock outcrops and ridges and only in a few exceptional cases could even be dis-
played at the scale of the map.  

The stands of the following black pine units have a more strongly Mediterranean character. In the 
Dalmatian forests (K11) with Pinus nigra subsp. dalmatica, this is due to the communities which 
the forests come into direct contact, and is clearly expressed by the occasional admixture of spe-
cies such as Quercus ilex and Erica manipuliflora. These forests are a specialty of the Croatian 
islands of Biokovo, Brać, Hvar and the Pelješac peninsula. 

Likewise rare and developed over only a small area, though proportionally more anthropogeni-
cally impacted (forestry, thinning) are the oro-Mediterranean black pine forests with Pinus nigra 
subsp. laricio in Calabria and the Etna region (Hypochaerido-Pinetum laricionis, Junipero hemi-
sphaericae-Pinetum calabricae; K12). Again shrub brooms (Genista aetnensis, Cytisophyllum 
sessilifolium) play a role, as do endemics (e.g., Hypochaeris laevigata), which occur also in part 
in the successional replacement vegetation. 

South of the Bosnian-Serb transitional region, the range of the Balkan-Anatolian sub-
Mediterranean Pinus nigra subsp. pallasiana begins. From north to south, the black pine does not 
gain in competitiveness in the face of the increasingly drought-resistant firs of the Abies borisii-
regis-Abies cephalonica group (with its proportion of genetic and physiological cephalonica traits 
increasing from north to south). However, it does gain importance on ophiolithic and siliceous 
rocks. For instance, it continues to play a role as a companion tree to Abies boris-regis in montane 
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localities in southern Albania on Mesozoic limestones, while otherwise in the Albanian-
Macedonian region (K15), the species tends to dominate hard metamorphic limestones and ophio-
lites, mainly at lower elevations (below 1300 m) than the Pinus heldreichii forests of the same 
region (K6). Typical brooms here are Chamaecytisus polytrichus and Genista carinalis; Sesleria 
species include S. robusta and S. coerulans. A dwarf shrub with high proportion of cover on lime-
stone is Staehelina uniflosculosa (Staehelino-Pinetum pallasianae). Daphne blagayana occurs 
locally on serpentine (Seslerio robustae-Pinetum pallasianae).  

Farther east, in Bulgaria and north-eastern Greece, black pine forests occur on soils derived from 
limestone and granitic rock (K16). Pinus nigra subsp. pallasiana occurs there at higher elevations 
associated with Pinus sylvestris or is replaced by the latter (cf. D53). On soils with a more even 
supply of moisture, Quercus dalechampii can also be present. Characteristic broom species of this 
Macedonian-Bulgarian-Thracian pine forest type are Genista lydia, G. carinalis and Chamaecyti-
sus supinus. Vaccinium myrtillus and V. vitis-idaea are characteristic dwarf shrubs in the Rhodope 
Mountains on moder habitats over silicates.  

In small-scale special habitats over Tertiary deposits in the Black Sea coastal region of the Euro-
pean part of Turkey (north Thrace), acidophytic black pine forests occur with Quercus iberica 
(recently united, along with Quercus dalechampii and Q. polycarpa, to Q. petraea subsp. med-
wediewii), Erica arborea and E. manipuliflora (K17). Commensurate with the relatively low alti-
tude, they possess a Mediterranean to sub-Mediterranean-influenced species composition and 
resemble the meso-Mediterranean Pinus halepensis forests (K21). Little is known of their origins, 
dynamics or larger distribution; possibly the spotty distribution continues beyond the mapped area 
along the Black Sea coast of Turkey. 

The southernmost supra-Mediterranean black pine forests of the Balkan peninsula occur in the 
mountain ranges of the Peloponnese, preferring skeletal brown loams over schistose rock (phyl-
lite, quartzite) between 1100 and 1650 m (K18). Closed stands are poor in shrubs and herbs. As 
with other black pine forest units, those of the Peloponnese are decimated by fire and grazing and 
now are partially impacted by forestry-associated exploitation. At least some examples of semi-
natural stands should be spared from exploitation for conservation and study purposes. 

West Anatolian black pine forests with Pinus nigra subsp. pallasiana are floristically and phyto-
geographically unique and reach the map area in the central part of the east Aegean island of 
Samos (K19). Teucrium kotschyanum represents a chorological link to the stands in Turkey. Large 
parts of the black pine forests of Samos have been plagued in recent years by fires. Although the 
pine regenerates after fire quite successfully, many late successional open woodlands were lost in 
these fires. 

Xerothermic pine forests on the Crimean peninsula on south slopes of the central mountainous 
portions between 450 and 1200 m are dominated by Pinus nigra subsp. pallasiana in the tree 
layer and Brachypodium pinnatum subsp. rupestre in the herb layer. At higher elevations (800-
1450 m) in the eastern portion, Pinus kochiana dominates together with Carex humilis. Structur-
ally and with respect to their role on the landscape, these black pine forests correspond to the pre-
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viously described southern European units, in that they also harbour many sub-Mediterranean 
species. 
 
K.1.3  Meso- to thermo-Mediterranean pine forests (Pinus halepensis, P. brutia, P. pityusa) 

(K21-K24) 

Pine forests of meso- to thermo-Mediterranean provenance are widespread in the Mediterranean 
region, and are primarily formed by the Aleppo pine (Pinus halepensis) and its nearest relatives. 
Dense, tall stands with close dynamic and floristic ties to broadleaved evergreen forests are inte-
grated on the map into the corresponding units of the J Formation. On edaphically and climati-
cally extreme sites at the thermo-Mediterranean periphery of forest formations, the sclerophyllous 
oaks disappear as competition. These are pronouncedly xero-thermophytic pine forests with Eri-
caceae, Juniperus phoenicea and Pistacia species in the understorey. Meso- to thermo-
Mediterranean Pinus halepensis forests (K21) are distributed throughout the entire European 
Mediterranean region, though in general below the threshold of what could be displayed at the 
scale of the map. They occur on rocky limestone to serpentine sites, without participation of oaks, 
from Spain to the northern and western Aegean. They could be mapped only locally on the French 
Mediterranean coast near Marseille and on the southern Dalmatian coast. Pistacia lentiscus, Erica 
manipuliflora and Erica arborea are frequent elements in the shrub layer of these forests. 

Comparable stands (K22) of the northern Aegean are differentiated by Pinus brutia as dominating 
tree species and the eastern Mediterranean Arbutus andrachne in the shrub layer, while Erica and 
Pistacia species are absent. They have a meso-Mediterranean character with a strong admixture of 
deciduous and evergreen oaks, and grow on calcareous tertiary deposits. 

In the area of the thermo-Mediterranean belt of the southern and eastern Aegean (Crete, Kos, 
Rhodes; not mapped for Samos and Kalimnos) hard limestones and dolomites, but especially cal-
careous flysch and marl soils, offer suitable habitats for natural pine forests that are dominated by 
Pinus brutia and Cupressus sempervirens (K23). Thermo-Mediterranean heliophilous shrubs and 
dwarf shrubs that play an important role in replacement communities are richly represented in 
these open woodlands. 

The map shows only small-scale occurrences of the western Caucasian Pinus pityusa forests 
(K24). Semi-natural stands on the Crimea have largely fallen victim to tourism. Occurrences in 
the Georgian Black Sea coast region are rich in Pontic and more widely distributed sub-
Mediterranean species. In more open stands, juniper species (Juniperus excelsa, J. foetidissima) 
and Pistacia mutica not rarely form a woody understorey with thermophilous deciduous shrubs. 
 
K.2 Meso- and supra-Mediterranean fir forests (Abies pinsapo, A. cephalonica) (K25-K27) 

Xerophytic fir forests form the zonal vegetation of the supra- to meso-Mediterranean belt of sev-
eral southern European mountain ranges. The Spanish Abies pinsapo forests persist in only three 
small enclaves in the Baetic province in the greater vicinity of Ronda (Andalusia), where they are 
distributed on the relatively rain-rich north-west slopes of several mountain chains at altitudes 
between 1000 and 1800 m. Their total area does not exceed ca. 1200 ha. One of the units over 
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limestone in the Sierras de Ronda (de las Nieves) and del Pinar, with Paeonia broteroi and P. 
coriacea (Paeonio broteroi-Abietetum pinsapo; K25), clearly differs floristically from the re-
mainder of the stands over serpentine in the Sierra Bermeja (Bunio macucae-Abietetum pinsapo; 
K26) with Bunium alpinum subsp. macuca as namesake species. In the first, mixed stands with 
Quercus lusitanica are common; in the latter, Pinus nigra is often admixed. 

The Abies cephalonica forests of the southern Greek mainland (Sterea Ellas, Peloponnese), the 
Ionian island of Kefallinia and the western Aegean island of Euboea (K27) colonise rather more 
areas when compared to the Spanish Abies pinsapo forests, and their total surface area is many 
times greater. Almost all stands occur on hard, in part metamorphic limestone at altitudes between 
900 and 1800 m. Abies cephalonica is mostly the only stand-forming tree species, occasionally 
mixed with Pinus nigra subsp. pallasiana and, on the northern edge of the range, Abies borisii-
regis. A phytogeographical specialty here is Juniperus drupacea, which reaches Europe from its 
Middle Eastern primary range only in the extreme south-east (Parnon and locally in the Taigetos 
mountain range, Peloponnese). Here it occurs in the understorey or in shrub-dominated succes-
sional replacement communities of Abies cephalonica forests. 
 
K.3 Open juniper and cypress woodland and scrub (Juniperus thurifera, J. excelsa, J. foe-

tidissima, J. polycarpos, Cupressus sempervirens) (K28-K33) 

Open woodlands with arborescent juniper species occur scattered throughout wide areas of the 
Mediterranean region, but on the map they take in large areas only in Spain. In addition, there are 
noteworthy occurrences in the Crimea and in Transcaucasia.  

Juniperus thurifera is the prevailing species of the Spanish juniper open woodlands, which are 
restricted to karst mountain habitats with a warm, dry regional and local climate. The most sig-
nificant mapping unit from the standpoint of area covered is K29, the unit of central Iberian supra-
Mediterranean open Juniperus thurifera woodland (Juniperetum hemisphaericae-thuriferae), in 
the provinces of Burgos, Soria, Guadalajara and Cuenza. To this can be added the high montane, 
relict juniper forests of the south slopes of the Cantabrian Mountains (Juniperetum sabinae-
thuriferae; K28) and a unit of more strongly Mediterranean influenced, mainly shrubby stands in 
the dry region of the north-eastern Spanish province of Aragón, east of Saragosa (Juniperetum 
phoeniceae-thuriferae; K30). In addition to Juniperus thurifera, other woody species occur in 
varying proportions in this vegetation. These include mainly shrubby species of juniper (Junipe-
rus sabina, J. phoenicea, J. oxycedrus, J. communis subsp. hemisphaerica) as well as other shrubs 
and black pines (Pinus nigra subsp. salzmannii). The Iberian juniper woodlands are however an-
thropogenically replaced in the current vegetation over large areas by dry scrub and pasture, in 
part also by plantations of Pinus nigra subsp. salzmannii. 

Open juniper woodlands in the southern part of the Crimea extend from sea level to about 450 m 
(K32). They are composed of the arborescent junipers Juniperus excelsa and J. foetidissima, as 
well as Pistacia mutica and Quercus pubescens. Depending on geographic location, varying pro-
portions of Mediterranean and steppe elements are found in the shrub and herb layers. 
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The tone-setting species of the Transcaucasian juniper open woodlands (K33) in Georgia, Azer-
baijan, Armenia and the eastern Caucasus of Dagestan are Juniperus polycarpos and J. foetidis-
sima. Like in the Crimea, they occur in the form of trees of groups of trees, forming stands up to 
15 m tall, often in complexes with Pistacia mutica. The stands tend to cover only small areas, 
though they exhibit broad elevational amplitude (colline to montane in eastern, montane to subal-
pine in southern Transcaucasia). Depending on the altitude and geographic location, numerous 
species are admixed from the neighbouring open landscape and shrub vegetation (thorny mats and 
dwarf shrub vegetation, steppes and deciduous scrub). The herb layer in particular contains many 
endemics. 

The cypress (Cupressus sempervirens) forests of Crete, with their characteristics of open, dry for-
est, are similar to the arborescent juniper woodlands. Large intact stands persist only in the areas 
of the White Mountains (Levka Ori). The Cretan forests are natural, though strongly influenced by 
grazing and logging. They consist of many-stemmed Cupressus individuals with horizontally 
spreading branches. Acer sempervirens, Quercus coccifera and, locally on Crete, the endemic 
Ulmaceae Zelkova abelicea occur as additional tree species, although all of these can be shrubby 
and strongly modified by grazing. Dense cypress forests are rare and cover only a very small area; 
depending on grazing and trampling pressure and soil moisture conditions, cypress regeneration 
can vary from well-developed to lacking. The more open the stands, the less specific the shrub 
and herb layer is to the cypress forests; very open stands have a composition comparable to that of 
dwarf shrub-rich successional replacement communities. Another danger to the cypress forests 
that increases with further development is that of forest fires, as the regenerative success of Cu-
pressaceae after fires is low. 
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L Forest steppes (Meadow steppes alternating with nemoral deciduous forests) 
and dry grasslands alternating with dry scrub 

Nicolae Doniţa, Zoja V. Karamyševa, with contributions by Attila Borhidi and Udo Bohn 

Characterisation and typological delimitation; geographical distribution 

The forest steppes form the transitional zone between the mesophilous deciduous broadleaved 
forests in the north and west and the true bunch-grass steppes in the south. They represent climatic 
borderline sites of the forest in semiarid regions with relatively low annual precipitation and a 
longer dry period in the summer and early autumn. The forest steppe region is characterised by an 
irregular mosaic of forest-sustaining, forest-tolerant and forest-hostile sites: in natural conditions, 
the European forest steppe would consist of closed deciduous broadleaved forests (mainly oak) 
alternating with dryland scrub vegetation and meadow steppes or dry grasslands. 

The limiting factor for deciduous woodland is the soil water balance during the summer months, 
because broadleaved forests – especially old forest stands – have a higher water consumption than 
the steppe vegetation; steppe life forms have an advantage over deciduous woody plants, being 
specifically adapted to summer drought with below-ground storage organs and above-ground wilt-
ing in summer or xeromorphic leaves. The distribution of forest and meadow steppe is determined 
by the relief, the microclimate and by soil composition: steppes and dry grasslands occur pre-
dominantly on warm dry southern slopes, on plateaux with clay and silt-rich soils; forests on the 
other hand prefer better-drained soils on northern slopes, on valley and gorge slopes, on hill and 
mountain tops as well as in damp hollows and valleys. 

The forest steppe areas have been used agriculturally for millennia (for pasturing, haymaking, 
cereal cultivation), which is why only few near-natural forest stands and almost no meadow 
steppes are encountered today in the European range , other than in nature reserves. From what 
has been learned to date, however, from succession studies in nature reserves and on fallow land, 
if left to nature the greater part of this area would be forested, though this may take the form of 
low scrub forests on more extreme sites. The proportion of unforested meadow steppes would 
increase progressively towards the zone of contact with true steppes. 

The range of the sub-continental forest steppes is a more or less contiguous, 200-350-km-wide 
band extending from the eastern foothills of the Carpathian Mountains (Moldavia, Volyn-Podilsk 
upland) for a good 2000 km to the western slopes of the Southern Urals (see Map 16, formation 
L). It continues beyond the Urals into south Siberia as far as the Altai Mountains (see Figure 12). 
Disintegrated into outliers, it extends west into the area of the Lower Danube, into the Pannonian 
Basin and - as an isolated southern outpost – as far as Thracia, where semiarid submeridional-
subcontinental environmental conditions prevail. There are isolated north-western outposts on the 
Baltic islands of Öland and Gotland. Further ribbon-shaped occurrences extend across the north-
ern slopes of the Crimean Mountains and across the northern foothills of the Great Caucasus (see 
Map 16 and the general map 1: 10 million). 

Small-scale meadow steppes and steppe-like dry grasslands – some virgin, some anthropogenic in 
nature – are also found in many places in especially dry and warm sites in Central Europe such as 
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the western Carpathian Mountains, Bohemia and Moravia, eastern and southern Germany or the 
drier regions of the Central Alps (e.g. Valais), but are not marked separately on the map. 
 
Stand structure and physiognomy; floristic composition 

Under ideal conditions, the forest steppe consists of an irregular mosaic of deciduous broadleaved 
forests, scrub vegetation and more or less unforested meadow steppes and dry grasslands. The 
detailed form of this vegetation mosaic depends very much on the macroclimate, the relief and the 
soil conditions. 

Forests form an essential component of the forest steppe landscape: the European forest steppe is 
characterised by a substantial proportion of deciduous broadleaved forests. These are dominated 
above all by oak species (Quercus robur in the east European forest steppe, Q. pubescens, Q. ro-
bur, Q. petraea, Q. pedunculiflora and rarely also Q. cerris in the sub-Mediterranean forest 
steppes of Hungary, Romania, Moldova, Bulgaria and Turkey). In the first and second tree layers 
of these forests – according to the region – other deciduous broadleaved trees occur in mixtures: 
Acer, Fraxinus, Carpinus as well as Tilia species. Tilia cordata, a very frost- and drought-
resistant species, extends the furthest to the east of all nemoral broadleaved-deciduous trees (as far 
as the foothills of Kuznetzky Alatau). 

In the west Siberian forest steppe, small-leaved tree species are predominant in the deciduous forests (Betula pendula, B. 
pubescens, Populus tremula). Forest steppes of the west Siberian type with birch and poplar forests are also distributed in 
European Russia in the expansive basin landscapes in the western foothills of the Urals (Kungurskaja, Krasnoufimskaja, 
Mjasogutovskaja). Asiatic floristic elements are also represented fairly frequently in these steppes (GORČAKOVSKIJ 1961). In 
central Siberia and in northern Mongolia on the other hand, conifer species predominate in forests of the forest steppe (Pinus 
sylvestris, Larix sibirica, L. gmelinii). 

In the European deciduous forests, nemoral, drought-tolerant woody plant and herb species domi-
nate. In some places, there is a proportion of thermophilous sub-Mediterranean and Pontic-
Pannonian floristic elements. 

Typical vegetation in the forest steppe zone, as in the steppe zone adjoining it to the south, con-
sists of local shrub formations and scrub. These are normally specific to forest margins, steep 
slopes, ravines and natural depressions. Typical, low-growing steppe shrubs are species of the 
genera Spiraea, Caragana, Calophaca and Chamaecytisus. They often grow on stony to rocky 
sites where they are protected from root competition with the grasses. More mesophilous shrubs 
of the genera Rosa, Pyrus, Malus, Prunus, Euonymus and Cotoneaster tend to occur in the under-
growth of light forests, in low scrub forests and shrub thickets. 

The meadow steppe vegetation, which is a key component of the forest steppe, varies in struc-
ture and species composition over the different regions and mapping units. However it clearly 
differs from the true bunch-grass steppes that adjoin it further to the south (formation M) in that 
growth is denser and relatively tall (100-120 cm), there is greater species abundance (up to 80 or 
more species per m2), a high proportion of herbs (mostly perennials), fewer bunch grasses, multi-
layering (up to 7 layers with gradual transitions) and numerous flowering phases (5-8(-11)) in the 
growth period between April and the end of September, which does not show any marked summer 
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dormancy period: beginning with the prevernal and early vernal aspect with Pulsatilla patens and 
Adonis vernalis, progressing to the aestival aspect with Salvia pratensis, S. nutans, Stipa and 
Bromus species, Chrysanthemum leucanthemum, Trifolium montanum, Filipendula vulgaris, 
Campanula sibirica, C. persicifolia, Galium verum and Onobrychis arenaria, through to the au-
tumnal aspect with Veratrum nigrum (cf. WALTER & BRECKLE 1994: 193 f.). 

The meadow steppes rank amongst the most species-rich plant communities found anywhere: In 
the protected areas of the Central Chernozem Biosphere Reserve near Kursk (L5) 1150 vascular 
plant species, 110 moss species, 40 lichen species, 165 species of large fungi and 607 species of 
small fungi were identified over 5311 hectares. The number of vascular plant species here reaches 
up to 80 per m2, or up to about 120 in sample areas of approximately 100 m2 (MALESHIN 1995 

(Ms), WALTER & BRECKLE 1994). 

Numerically the herbs predominate, of which the following species achieve higher cover: Filipen-
dula vulgaris, Trifolium montanum, Onobrychis arenaria, Rhinanthus alectorolophus, Bunias 
orientalis, Tragopogon pratensis subsp. orientalis, Viola rupestris. Among the grasses and 
sedges, the following species dominate: Bromus riparius, Festuca rupicola, Carex humilis, C. 
praecox, Poa angustifolia, Stipa pennata. 

The structure and composition of the forest and grassland formations vary with the macroclimatic 
and edaphic conditions within the forest steppe region from north to south and from west to east. 
In this respect, a bipartite division was made into subcontinental forest steppes with an eastern 
distribution (L.1) and sub-Mediterranean-subcontinental forest steppes with a south-eastern distri-
bution (L.2). Research on vegetation history in Hungary (Alföld) showed that the continental and 
the sub-Mediterranean forest steppes emerged at different dates with immigration of flora via dif-
ferent routes. The elements of the continental forest steppes immigrated in the very early post-
glacial (pine-birch period) from the Sarmatian and Pontic province, whereas the sub-
Mediterranean forest steppes with their submeridional floristic elements developed only in the 
oak-composite forest period (Atlantic period). The species of the latter immigrated primarily 
through the Danube valley from the southeast (ZÓLYOMI 1953, JÁRAI-KOMLÓDI 1968). 
 
Position in the phytosociological system (syntaxa) 

The formation of the forest steppes represents a vegetation complex of different plant communi-
ties, comprising in each case: 

– drought-resistant or xerothermic nemoral deciduous broadleaved forests, 
–  meso-xerophytic or xerothermic scrub, and 
– meadow and feather-grass steppes or dry grasslands. 

Subgroup L.2 is distinguished from L.1 through its far higher proportion of thermophilous to 
xerothermic (sub-Mediterranean) plant species and communities. 

There follows a list of the most important of the higher ranking syntaxa from the two groups, as 
far as current findings permit. Basically we follow RODWELL et al. (2001), BORHIDI (1996) and 
HORVAT et al. (1974), although from time to time these deviate from one other in their syntax-
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onomic approaches, especially as regards assignment to classes and orders. RODWELL et al. (2001) 
takes mesophilous broadleaved forests (Querco-Fagetea), thermophilous oak forests (Quercetea 
pubescentis) and scrub (Rhamno-Prunetea) as classes in their own right. 

The more mesophytic (mixed) pendunculate oak forests of the subcontinental forest steppes 
(L.1) are classified within the Fagetalia sylvaticae as belonging to the alliances 

– Carpinion betuli Issler 1931 (mapping units L1, L2, L3 p.p.) and 
– Querco roboris-Tilion cordate Solomeshch et Laivins in Solomeshch et al. 1993 (L4-L6). 

The more xerothermic mixed oak forests of the sub-Mediterranean-subcontinental forest steppes 
with Quercus robur, Q. pubescens, Q. pedunculiflora and Acer tataricum are assigned within the 
Quercetalia pubescenti-petraeae Klika 1933 to the alliance 

– Aceri tatarici-Quercion Zólyomi & Jakucs 1957 (L9-L14).  

The pubescent oak-steppe forests of Thracia (L15) and the Crimea (L16) at least should be placed 
in the same order. 

The preponderance of the meso-xerophytic and xerothermic scrub communities within the forest 
steppe complex are assigned to the order Prunetalia spinosae Tüxen 1952. The continental scrub 
of the steppe zone of the Ukraine and southern Russia belong to the alliance 

– Amygdalion nanae Golub in Iljina et al. 1991,  

the thermophilous and xerothermic scrub of the sub-Mediterranean-subcontinental forest steppes 
belong to the alliances 

– Berberidion vulgaris Br.-Bl. 1950 or Prunion fruticosae Tüxen 1952 and 
– Pruno tenellae - Syringion Jovanovic 1979. 

The sub-Mediterranean forest margin and scrub communities with Fraxinus ornus, Cotinus cog-
gygria, Carpinus orientalis and Paliurus spina-christi are assigned to the order Orno-Cotinetalia 
Jakucs 1961 within the Quercetea pubescentis (e.g. L15). 

On the other hand the syntaxonomic classification of the meadow steppe, feather-grass steppe 
and dry grassland communities is substantially more difficult since it involves a great number 
of communities on very different sites, which also overlap within the two groups of mapping units 
and are not easy to separate clearly from one another. 

RODWELL et al. (2001) places the meadow steppe communities of group L.1 in the order Galie-
talia veri Mirkin et Naumova 1986 with the alliances 

– Agrostion vinealis Sipailova et al. 1985 
– Artemision ponticae Golub et Savelyeva in Golub 1995 
– Trifolion montani Naumova 1986 

within the class Molino-Arrhenatheretea Tüxen 1937, whereas the true feather-grass steppes and 
dry grasslands are assigned to the class Festuca-Brometea Br.-Bl. et Tüxen 1943, where they are 
placed in different orders: 
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1) Festucetalia valesiacae Br.-Bl. et Tüxen 1943 with the alliances 
 – Danthonio-Stipion tirsae Soó 1947 corr. 1971 – (L2-L8), 
 – Stipion lessingianae Soó 1947 – (L16, L17) 
 – Festucion valesiacae Klika 1931 – (L3-L6) 
 – Cirsio-Brachypodion Hadac et Klika 1944 
 – Ceratocarpo-Euphorbion stepposae Mititelu 1970 
 – Agropyrion pectinati Golub et Uzhametskaja 1991 
 – Helianthemo-Globularion Br.-Bl. 1963 – (L1). 

2) The steppes and dry grasslands on sandy soils of the group L.2 (L11, L12, L14) are assigned to 
the order Festucetalia vaginatae Soó 1957 with the alliances 

 – Festucion vaginatae Soó 1938 and 
 – Festucion beckeri Vicherek 1972. 

3) The steppes on rocky sites and in the mountains of the Crimea (L16, L17) are assigned to the 
order Bromopsietalia cappadocicae Diduch in Saitov et Mirkin 1991 with the alliances 

 – Adonido vernalis-Stipion tirsae Diduch 1983 and 
 – Carici humilis-Androsacion tauricae Diduch 1983. 
 
Macroclimatic factors 

The forest steppe climate has a position transitional between the temperate climate (zone VI after 
WALTER et al. 1975) and the semi-arid steppe climate of the continental regions (zone VII) or the 
Mediterranean climate (zone IV) on the Balkan peninsula and the southern Crimea. Accordingly, 
the annual precipitation is relatively low throughout the distribution area: between 400 and 600 
mm as a rule, with a decreasing trend towards the south and east (minimum around 300 to 350 
mm in the sub-Mediterranean-subcontinental region). On mountain sites, by contrast, the values 
rise to 700 mm (northern Caucasus) and 1050 mm (Crimean mountain ridges). Mean annual tem-
peratures fluctuate in the subcontinental forest steppes between 6 °C (in the north) and 12 °C (in 
the northern Caucasus), between 9 and 12 °C in the sub-Mediterranean-subcontinental forest 
steppes, with a maximum of 13 °C in the Thracian forest steppe region. Mean summer tempera-
tures have a wider amplitude: they reach 16-18 °C in the northwest (Baltic islands) and 20-24 °C 
in the southeast (northern Caucasus), while within the sub-Mediterranean forest steppes they av-
erage 20-23 °C. The mean January temperatures have a very wide amplitude between 0 to -2 °C in 
the south-western (+2.8 °C in the Thracian forest steppe region) and -14 to -16 °C in the most 
continental forest steppe areas of east Europe (L6). The overall values of L17 on exposed ridge 
locations in the Crimean mountains fall outside these parameters: both the mean annual and the 
mean July temperatures are lower (at 5.5 to 7 and 15.5 to 16.5 °C). 

The mosaic-like arrangement of the vegetation in the forest steppe zone is the result of the semi-
arid transitional climate with a dry period of at least two months in late summer to early autumn: 
precipitation and ground humidity in the growth period on soils with a favourable water balance 
just suffice to allow tree growth and the establishment of smaller or larger forest stands, but are 
not sufficient to permit the development of closed forests on a large scale. Consequently, exten-
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sive meadow steppes have developed on the sites with a less favourable water balance and on 
orographically distinct sites. 

Vivid evidence of a semi-arid forest steppe climate can be provided with the aid of the climate 
diagrams of WALTER & LIETH (1967). In Figure 13 we have compiled the climate diagrams of 
three stations in an arrangement from west to east. They illustrate that the maximum precipitation 
falls in early summer and, while the forest steppe region indeed experiences a summer dry period, 
over the long-term average there is no drought period (in contrast to the steppe zone). Analysis of 
the individual years reveals that the majority of years are humid; yet whilst years where the cli-
mate is semi-arid or even arid in character are relatively rare, they represent the limiting factor for 
the existence of deciduous forests. A ‘Xerotherm Index’ was developed to calculate the effective 
aridity of the climate in individual regions and sub-zones by BORHIDI (1961) in order to determine 
the semi-arid months. 
 
Site conditions 

The relief in the forest steppe region is polymorphic and extends from lowland plains (Pannonian 
Basin, Lower Danube Plain, Dnieper and Oka-Don lowland, Kuban lowland) through basin land-
scapes (Inner Thracia, foothills of the Urals) to hilly and plateau landscapes fissured by valleys 
(Volyn-Podilsk upland, Central Russian upland, trans-Volgian hill country, foothills of the Great 
Caucasus). Correspondingly altitudes vary from 0 to 300 or 400 m above sea level in the hill 
countries up to heights of 1400 (to 1800) on the northern and eastern slopes of the Caucasus. 

The parent rocks for soil formation are mainly loess sediments which formed thick deposits of 
up to 50 m during the Pleistocene; local drift and alluvial sands and terrace gravels occur, other-
wise limestone and silicate rocks are present. 

The prevailing soil types are thick to moderately thick common chernozems (black earth), 
(mainly in the areas of meadow steppes) with high humus content (8-12 %) and a thick humus 
horizon of up to 1 m (1.8 m in the Caucasus foothills). Degraded chernozems occur less fre-
quently, as do light to dark grey forest soils – particularly beneath broadleaved forests and scrub. 
The humus horizon here is 50-80 (up to 120) cm thick and has an organic content of 5-10 %. Lo-
cally, in stagnant hollows fen peats and salinated soils with corresponding azonal vegetation can 
be found. 

As previously mentioned above, the water balance and the structure of the soils are decisive fac-
tors in differentiating between forest and meadow steppe sites. The water supply available to 
plants, particularly in the dry summer months, is a limiting factor on the evolution of old forest 
stands. In drought years, the trees consume all the available water stored in the soil relentlessly 
throughout the growth period, which is why old forest stands are often more open and with less 
undergrowth at the drought limit of the forest.. Furthermore, root competition prevents regenera-
tion of the trees. On the other hand young forest stands and scrub require less water . 
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State of preservation, land use, substitute communities; nature conservation 

The present steppe vegetation followed on from periglacial steppes and has – in the same way as 
the soil profiles – adapted continuously to climate changes (WALTER & BRECKLE 1994: 182). In 
periods of higher precipitation, nemoral broadleaved forests have extended across the area. The 
region of the forest steppes has been a favoured area for human settlement for millennia due to its 
deep, fertile chernozem soils and the semi-open landscape. In the beginning – having been origi-
nally a habitat for wild steppe animals such as wild horses, Saiga antelopes etc. – it was primarily 
used as pasture, but later – particularly in the 19th century until the present day – was almost com-
pletely converted into arable land. The black earth region of the Ukraine was long regarded as ‘the 
breadbasket of Europe’. Residual indigenous forests and original meadow steppes were preserved 
mainly on steep slopes, in gorges and valleys as well as on very shallow soils in rocky sites. Rep-
resentative examples of this can be found in the state Central Chernozem Biosphere Reserve lo-
cated in the Central Russian upland south of Kursk. 

This was established in 1935 and is one of Russia’s oldest nature reserves. Above all, it is used for the conservation of origi-
nal meadow steppes (in association with natural deciduous forests and scrub) and the investigation of their vegetation, fauna, 
ecology, dynamics as well as suitable management measures for the conservation and restoration of typical forest steppe 
ecosystems. Currently it encompasses 8 subsidiary areas with a total area of 5311 ha (MALESHIN 1995). In this region today 
approximately 85 % of the territory is used for agriculture and only 7 % remains covered by forests. Of the Biosphere Re-
serve’s forest area, 71 % consists of near or semi-natural oak forests while 20 % is afforested. Forests cover northern slopes, 
rounded mountaintops and gorge slopes. Their mean age is between 55 and 75 years. On successional land, natural reforesta-
tion is taking place with Tilia cordata, Acer platanoides, A. campestre, Fraxinus excelsior, Ulmus glabra, Prunus avium and 
Corylus avellana. 

As regards the naturalness and conservation or restoration of meadow steppes, longstanding in-
vestigations and observations lead to the following conclusions: in the past, the meadow steppes 
were used to a large extent for pasture and hay-making, which has clearly favoured the grass 
growth and diversity of species. Abandoned meadow steppes become impoverished and degener-
ate, accumulate a dense layer of fallen herbage (‘steppe mat’) and favour the spread of tall-
growing herbs, thistles in particular. The mat also produces a ‘mulch’ effect, reducing the evapo-
ration of soil water, keeping the upper soil layers moister and favouring the emergence of woody 
plant seedlings. A consequence of land falling into disuse is thus the spread of woody plants and 
the invasion of the meadow steppe areas by shrubs. This indicates that several of the contempo-
rary steppe areas must be anthropogenic in nature and could sustain forest growth under the pre-
sent environmental conditions. 

Consequently, to conserve and restore the typical grass- and species-rich meadow steppe vegeta-
tion, extensive grazing or regular hay harvesting and removal of the cut herbage is necessary. Ac-
cording to more recent findings, one mowing in a three- or four-year cycle is sufficient. It is as-
sumed that in the time before the more intensive intervention of humans and their grazing ani-
mals, natural fires caused by lightning along with the grazing of big game herds (wild horses, 
Saiga antelopes) and steppe rodents (ground squirrels, steppe lemmings, steppe marmots, ham-
sters) promoted grass growth and restricted litter formation. A regeneration of meadow steppe 
vegetation following arable use also appears possible under certain conditions (preservation of the 
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humus horizon and the presence of steppe vegetation in the environment) and over longer periods 
(30-50 years) (cf. WALTER 1974: 190f.). 
 
Classification into subunits 

The structure and composition of the wood, shrub and grassland formations vary with the macro-
climatic and edaphic conditions within the forest steppe region, from north to south and from west 
to east. For this reason, a bipartite division was made into subcontinental forest steppes with an 
eastern distribution (L.1) and sub-Mediterranean-subcontinental forest steppes with a south-
eastern distribution (L.2). The mapping units are further differentiated by altitudinal belts and 
geographic regions. 
 
Table 18: Criteria for the differentiation of the two subgroups of forest steppes (BORHIDI 1961). 

 L.1 Subcontinental forest steppes L.2 Sub-Mediterranean-subcontinental forest 
steppes 

Mean annual temperature below 10 °C Mean annual temperature above 10 °C 

Maximum of precipitation in June Maxima of precipitation in June/October and 
May/October respectively 

Climate 

2 drought seasons: spring, late summer 3-4 months continuous dry period from mid-
summer to autumn 

Vegetation 
mosaic 

‘mesophilic’ broadleaved forests, meadow 
steppes, on sandy soils also pine forests  

Dry oak forests, short grass steppes (herb-
grass steppes), rarely meadow steppes, on 
sandy soils broadleaved forests 

Plant com-
munities 

Meadow steppe communities of the Galietalia 
veri and feather-grass steppes of the Fes-
tucetalia valesiacae; broadleaved forest com-
munities of the Fagetalia sylvaticae, in the west 
Tilio-Carpinion; in the east (mixed) oak forests 
with Quercus robur, partly with Tilia cordata, 
Acer campestre (Querco roboris-Tilion cor-
datae) 

Dry grassland and steppe communities of the 
Festuco-Brometea; xerothermic broadleaved 
and shrub wood (scrub) communities of the 
Aceri tatarico-Quercion and of the Orno-
Cotinetalia; thermophilous mixed oak forests 
with Quercus robur, Q. pubescens, in the east-
ern Balkans also with Q. cerris, Q. frainetto, 
Q. pedunculi-flora, and Carpinus orientalis, 
Cotinus coggygria as well as xerophytic scrub 

Period of 
fomation 

Pine-birch phase, hazel phase (Boreal) Mixed oak forest phase (Atlantic) 

 

The subcontinental forest steppes extend eastwards from the Carpathian Mountains and the Dni-
ester River (Nistru) in the west to the Ural mountains; the sub-Mediterranean forest steppes occur 
along the Lower Danube, in the Dobruja, in the Pannonian Basin, in Thracia and on the Crimean 
Peninsula. 

In both sub-zones the following types of forest steppes can be distinguished: 

a) Forest steppes on slopes in mountainous areas and in hill country on carbonate rocks (dolo-
mite, chalk, limestone) 
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b) Zonal loess (plakor)1 forest steppes (in more or less flat locations) 
c) Forest steppes on sandy soils 
d) Lowland and alkali forest steppes 
 
L.1 Subcontinental meadow steppes and steppe-like dry grasslands (Festuca rupicola, F. 

valesiaca, Stipa tirsa, S. pennata, Poa angustifolia, Agrostis vinealis) alternating with 
pendunculate oak forests (Quercus robur). 

The development of the forest steppe landscape is most true to type in the east European and west 
Siberian forest steppe provinces (LAVRENKO, KARAMYŠEVA & NIKULINA 1991. The structure of 
the vegetation cover corresponds to the classic model of forest steppe here: in the hill country, 
forests alternate with treeless meadow steppes. In the southern part of the forest steppe zone, the 
forests retreat to damper sites: gorges, riparian cliffs, floodplain terraces and alluvial plains. Once 
the region of the forest steppes was largely covered with broadleaved deciduous forests (up to 50 
% or more of the total area). 

Meadow steppes represent the most strongly mesophilous type of steppe vegetation. Xerophytic 
bunch grasses (Stipa, Festuca), meso-xerophytic rhizomatous and loose bunch grasses (Poa, Ag-
ropyron, Agrostis, Calamagrostis, Bromus) as well as sedges (Carex) make up only a modest part 
of the vegetation cover; mesophilous herbs (Ranunculus, Filipendula, Salvia, Centaurea, Tri-
folium) on the other hand are relatively abundant . Meadow steppes are characterised by a very 
high diversity of species (sometimes exceeding 70 species per 1 m2 or 120 species per 100 m2). 
Furthermore, stands of fairly tall-growing grasses, 80 cm and more in height, are characteristic. 
The growth period extends from the first half of April until the end of September with a continu-
ous succession of flowering aspects throughout the entire period . In this, the meadow steppes 
clearly differ from the true steppes, which typically exhibit a semi-dormancy period during the 
dry summer months. 

The meadow steppe communities are pluristratified. The vertical structure of the stand changes in 
the course of the growth period and is differentiated by an increasing number of subordinate lay-
ers from spring until summer. The bulk of the grass cover is concentrated in the lower layer of up 
to 25 (40) cm. Often a moss layer (Thuidium abietinum, Tortula ruralis) is well developed. In 
specific formations one also finds shrubs (Spiraea, Caragana, Calophaca, Chamaecytisus) which 
only narrowly outgrow the grass layer, reaching 1 m in height. 

Most plants in the meadow steppe form a dense root mat in the topsoil. At the soil surface, mosses 
and a layer of dead plant material can be found. This litter cover along with the dense root mat 
characterise the meadow steppes as opposed to the true steppes, where the soil is not completely 
covered by vegetation as a rule. 

Stipa pennata is the most common feather grass of the east European forest steppes. Other typical 
species are Stipa tirsa (west Siberian-European species), more rarely Stipa dasyphylla and S. pul-
                                                            
1  Plakor is the flat, well-drained plain with loamy soil; the ground water is located too deep to affect plant 

growth. The vegetation of plakor plains most fully reflected zonal climatic condition.  
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cherrima. These species belong to the section Stipa which is typical to the Pontic-Kasakh region 
(LAVRENKO 1970). Varying numbers of Stipa capillata and Festuca valesiaca are also inter-
spersed. The latter species dominates in some types of the meadow steppe. Carex humilis can also 
appear as a dominant: this is a mainly European species with a range disjunction in the eastern 
part of the Kazakh upland (‘Kazakhskyi melkosopochnik’) and in the Altai mountains. Character-
istic loose bunch grasses are Phleum phleoides, Helictotrichon schellianum, and among the rhi-
zomatous grasses, Poa angustifolia, Bromus inermis, B. riparius, Calamagrostis epigejos and 
Agrostis vinealis. 

In the meadow steppes, herbs play an important role: Galium verum, Knautia arvensis, Ranuncu-
lus polyanthemos are mesophytic, and Anemone sylvestris, Fragaria viridis, Filipendula vulgaris, 
Trifolium montanum, Salvia pratensis are xero-mesophytic and the more strongly xerophilous 
species include Adonis vernalis, Salvia stepposa, Phlomis tuberosa, Veronica dentata, Pedicularis 
kauffmannii, Potentilla humifusa. Other typical meadow steppe species are Anthericum ramosum 
(eastern distribution to somewhere east of the Don), Anthyllis macrocephala (advancing east into 
the Oka-Don lowland), Galium tinctorium, Echium russicum, Iris aphylla, Linum flavum, 
Scabiosa ochroleuca, Scorzonera purpurea. True steppe xerophytes such as Paeonia tenuifolia 
and Salvia nutans have their main distribution in the southern meadow steppes, where typical 
‘steppe runners’ occur (e.g. Crambe tataria). Annuals and geophytes are rather rare in contrast to 
the true steppes. The former are represented by Androsace septentrionalis, the latter by Gagea 
erubescens, Hyacinthella leucophaea and Bulbocodium versicolor. 

Steppe-like meadows are distinguished from the meadow steppes through their more mesophilous 
characteristics, the predominance of rhizomatous grasses (Agrostis vinealis, Koeleria delavignei, 
Festuca rubra, Poa angustifolia, Calamagrostis epigejos, Bromopsin inermis) and loose bunch 
grasses (Anthoxanthum odoratum, Phleum phleoides, Helictotrichon schellianum). The occur-
rence of interspersed steppe grasses, particularly Stipa pennata, S. tirsa, Festuca valesiaca, Koel-
eria macrantha and some typical steppe herbs (e.g. Potentilla humifusa) is characteristic. 

The vegetation of the subcontinental forest steppes exhibits a clear differentiation from west to east 
and from north to south. The continentality increasing from west to east is expressed in a change of 
dominants and in the increasing role of ‘eastern’ (west Siberian, west Siberian-north Kazakh and west 
Siberian-Kazakh-Mongolian) species and the decreasing of European, Pannonian, Pontic and other 
‘western’ species. This shift in the species composition takes place not only in the meadow steppes, 
but also in the forest vegetation. The number of deciduous tree species involved in the stand structure 
decreases, and the vertical structure of the tree and shrub layer is simplified. The species composition 
of the herb layer also changes through the decrease of Central European and sub-Mediterranean spe-
cies and the appearance of south Siberian and Ural forest species (cf. Formation F.4). 

The east European forest steppe province is subdivided from west to east into the Middle Dnieper, 
Central Russian and the trans-Kamian-trans-Volgian subprovinces (LAVRENKO 1970, LAVRENKO 
et al. 1991, see Figure 12). The subcontinental meadow steppes are represented by the mapping 
units L1 – L8. Most of them are concentrated on lowlands (L1-L6). The submontane to montane 
meadow steppes of the Caucaus (L7 and L8) are also placed here.  
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The Volyno-Podolian meadow steppes (L 2) have a high proportion of ‘western’ European tree, 
shrub and herb species, such as Asperula cynanchica, Allium waldsteinii, Centaurea rhenata, 
Achillea pannonica, Euphorbia lingulata. Some of them do not extend to the west side of the Bug 
River. Additional differential species are Viola jooi, Festuca pallens, Sesleria heufleriana, Shiv-
ereckia podolica, and Anemone narcissiflora. Considerable amounts of Central European horn-
beam (Carpinus betulus) and sessile oak (Quercus petraea) are characteristic for the oak forests of 
this unit. The meadow steppes there are characterised by a great number of European species. The 
Ukrainian botanists therefore assign the Volyno-Podolian meadow steppes to the Central Euro-
pean type. 

The Moldavian-Ukrainian meadow steppes (L 3), occupying a large area between the Seret and 
Prut Rivers (Romania) in the west and to the lowlands east of the Dnieper river, are typical for the 
east European forest steppes. In the mixed pedunculate oak (Quercus robur) forests some Central 
European tree species (Carpinus betulus, Acer pseudoplatanus, Prunus avium), shrub and herb 
species (Crataegus pentagyna, Cornus sanguinea, Vinca minor) are still present. Here, Thymus 
communities are also widely distributed. 

The south Sarmatian unit L4 subdivides into two separate isolated areas, which comprise slightly 
drained salty lowlands: the ancient terraces of the Dnieper and Oka-Don region. These are charac-
terised by vegetation complexes with meadow steppes and varying proportions of salinated vege-
tation – with local sedge swamps, reeds, wetland and alluvial forests. Therefore they are grouped 
among halophytic and hemi-halophytic types of meadow steppes. 

The Central-Russian-Volgian meadow steppes of unit L5 are distributed over two regions: the 
catchment area of the upper Don River and Volga upland west of the Volga. Carpinus betulus is 
absent from its oak forests; however Fraxinus excelsior still occurs as an associated tree species. 
In the meadow steppes, Pannonian and east European species dominate, and many ‘eastern’, espe-
cially west Siberian and west Siberian-north Kazakh species (Artemisia latifolia, A. sericea) are 
represented. The petrophytic meadow steppes on limestone of the upper Don River are specific to 
the region: here, south Siberian species (Carex pediformis, Bupleurum multinerve, Dendranthema 
zawadskii) occur in association with Central European floristic elements (Daphne cneorum) and 
the endemic Androsace koso-poljanskii. 

The trans-Kamian-trans-Volgian meadow steppes (L6) are the eastern most type of the east Euro-
pean forest steppes. The proportion and frequency of Central European floristic elements become 
even smaller here: in these broadleaved forests Acer campestre, Ulmus minor and Fraxinus excel-
sior are absent. On the other hand, Tilia cordata, which dominates in many pre-Ural and Ural 
forests, assumes an increasingly important role. In the meadow steppes, too, ‘western’ elements 
decline. Meadow steppe species such as Salvia pratensis or Aster linosyris occur only occasion-
ally, and many species common in the west (Anthyllis macrocephala, Anthericum ramosum), are 
entirely absent. On the other hand, the number and importance of ‘eastern’ floristic elements in-
crease: in the petrophytic steppes on carbonate soils, the trans-Volgian-Kasakh species Stipa kor-
shinskyi is frequent. Also Helictotrichon desertorum, which is characteristic of the petrophytic 
steppes on limestone here and in west Siberia, assumes a greater phytocoenotic role. 
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The north-west and north Caucasian meadow steppes (L7, L8) occupy a transitional position be-
tween the subcontinental and sub-Mediterranean (southern) forest steppes. The Russian authors 
place them, like those of the Crimea (L16, L17), in the southern forest steppes; in our legend they 
are assigned to the subcontinental steppes as submontane (L7) and montane (L8) types. In the 
northern foothills and slopes of the Great Caucasus, they form the transitional zone between the 
mesophytic hornbeam-oak forests (F168, F170, F172), the Oriental beech forests (F164) and the 
true bunch-grass steppes of the northern pre-Caucacus (M1, M11, M13). One of these units (L 7) 
contains vegetation complexes of herb-rich feather-grass steppes (Stipa tirsa, S. pennata) with 
numerous meadow steppe species, such as Centaurea leucophylla, Astragalus demetrii, Lotus 
caucasicus etc., and interspersed meso-xerophytic scrub (Prunus spinosa, Rhamnus pallasii) on 
sites with loess or chernozem soils.  

The north and east Caucasian Mountain steppes (L 8) differ from the preceding unit by their par-
ticular species combination including plants which also occur in the Crimean Mountains, on the 
Balkan Peninsula and in Asia Minor (Bromuss variegatus, Alopecurus vaginatus) and interspersed 
meso-xerophytic scrub (Prunus spinosa, Rhamnus pallasii ) on loess and chernozem sites. The 
meadow steppes of the Great Caucasus and especially Tomillar communities contain a higher 
proportion of endemic oreophytes and petrophytes. 

The extensive literature on the east European meadow steppes is summarised and evaluated in the 
publications by LAVRENKO (1940, 1956, 1980) and in the monograph by LAVRENKO et al. 
 
L.2 Sub-Mediterranean-subcontinental herb-grass steppes, locally meadow steppes (Fes-

tuca valesiaca, Stipa spp., Bothriochloa ischaemum, Chrysopogon gryllus), alternating 
with oak forests (Quercus pubescens, Q. robur, Q. pedunculiflora) with Acer 
tataricum 

The sub-Mediterranean-subcontinental forest steppes represent the transition zone from the ther-
mophilous to xerothermic deciduous forests of the sub-Mediterranean region (formation G) to the 
dry grasslands and steppes. These forest steppes are distributed over several isolated areas and 
accordingly they are differentiated geographically from west to east: Pannonian Basin (Alföld: 
L9-L11), Lower Danube Plain (Wallachia, Dobruja: L12, L13), Danube delta (L14), Moldavia 
(L13), east Thracia (Turkish part: L15) and Crimea (northern foothills and elevated plateau of the 
Jaila Mountains: L16, L17). 

There is prolific literature on the vegetation, the debate about its naturalness, the designation and classification of this forest 
boundary vegetation. A full presentation and discussion is found in the Vegetation Südosteuropas (Vegetation of South-
eastern Europe) by HORVAT et al. (1974). Here the relevant areas and plant formations are designated as the ‘steppe forest 
zone’ of the Danube lowland and Thracia. SOÓ (1959), PAŞCOVSCHI & DONIŢĂ (1967) and BORHIDI (1961) however – fol-
lowing the Russian authors – employ the term ‘forest steppe’ for a landscape in which open forests alternate with steppes. 
According to HORVAT et al. (1974) a landscape is designated as a ‘steppe forest region’ if the greater part of it is naturally 
stocked with open forests. The authors assume that the potential natural vegetation (PNV) for these sites far from groundwa-
ter consists mainly of xerothermic mixed oak forests of the alliance Aceri tatarici-Quercion. 
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HORVAT et al. (1974) point out and explain in detail that there are climatological, pedological and 
phytosociological factors clearly distinguishing the south-east European steppe forest region from 
the forest steppes of eastern Europe. 

The climate has more strongly sub-Mediterranean features: it is warmer, somewhat higher in pre-
cipitation and exhibits a longer summer dry period. The flora includes a range of thermophilous 
species (e.g. Quercus pubescens, Q. cerris, Q. frainetto, Q. pedunculiflora, Fraxinus ornus, 
Carpinus orientalis, Cornus mas, Colutea arborescens, Cotinus coggygria, Paliurus spina-christi, 
Lithospermum purpurocaeruleum) and is characterised by Pannonian, Carpathian and Balkan 
species. The black earths (chernozems) are more degraded and have a lower humus content (3-6 
%) than those of eastern Europe. The other soil substrates also differ in some respects: a high pro-
portion of more fluvatile loess sediments in the Danube lowland, along with extensive sand de-
posits, some inland and coastal dunes as well as floodplain terraces, and periodically dry marl-
clay soils in east Thracia. Only small residual stands and low scrub forests remain of the zonal 
steppe forests but these convey quite a good idea of species composition and structure of the cur-
rent PNV. The area of the sub-Mediterranean-subcontinental forest steppes has been settled and 
influenced by humans for millennia, and today it appears to be a predominantly agricultural land-
scape consisting mainly of arable land (approximately 90 %) with pasture grassland and grazed 
forests. 

Quercus pubescens woodlands or scrub are encountered mostly on shallow soils on southern ex-
posed slopes; other types of oak forests tend to be found on deeper soils. The steppe or dry grass-
land vegetation must occur under natural conditions mainly in the form of smaller or larger forest 
clearings. 

While meadow steppes still occur in the mapping units, they are not so typical to the sub-
Mediterranean forest steppes, in which sub-Mediterranean dry grassland (with Bothriochloa is-
chaemum, Chrysopogon gryllus and Cleistogenes serotina) as well as sub-Mediterranean species 
such as Convolvulus cantabrica, Fumana procumbens, Achillea clypeolata, Knautia macedonica, 
Dianthus giganteus, D. pallens, and Trinia kitaibelii figure prominently. 

The steppe communities have only a few layers and the vegetation cover is often open . Mosses 
are absent or represented only by xerophilous species. The species diversity is generally lower 
than in typical meadow steppes. Alongside the geographic differentiation, different edaphic varia-
tions are recorded on limestone, loess, sand and alkali soils. 

The small and dispersed mapping unit L9 has its main distribution in the Pannonian Basin. It 
represents a relief-determined vegetation complex including mixed oak forests on loess hills and 
halophytic steppes in periodically damp hollows, salinated to varying degrees. 

L10 represents the main unit of the forest steppes on loess sites in the Pannonian region and is 
composed of more or less thermophilous mixed pendunculate oak forests with Quercus cerris, Q. 
pubescens, Acer tataricum in alternation with relatively mesophilous herb-grass steppes, where 
Festuca rupicola and F. valesiaca predominate, but Stipa species are largely absent. The greater 
part of this area would, in natural circumstances, be covered with forests. This complex also con-
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tains Pannonian riverside forests with Fraxinus angustifolia subsp. danubialis (U16) and island-
like areas of Pannonian halophytic steppes (L9) and halophytic vegetation (P32). 

Unit L11 is a specifically Pannonian vegetation complex in an extensive inland dune landscape 
between the Danube and the Tisa. It is composed of sand steppes with Festuca vaginata on the 
inland dunes and dry to damp mixed pendunculate oak forests – with thermophilous tree, shrub 
and herb species in parts – in plains and basins. The dune vegetation varies with regard to lime 
content and trophy of the sandy soils; the forest vegetation includes more thermophilous species 
towards the south. 

Mapping unit L12 is island-like, encompassing several inland dune regions on river terraces along 
the Lower Danube and its northern (Romanian) tributaries. The vegetation complex – similar to 
that of L11 – comprises sand steppes on the dry dune ridges, and thermophilous to damp mixed 
oak forests in the dune valleys. Festuca beckeri and Stipa borysthenica are characteristic represen-
tatives of steppe grasses; among the trees, Quercus pedunculiflora – closely related to the 
pendunculate oak but requiring more warmth – is the principal species. 

Unit L13 is distributed over a relatively wide area along the Lower Danube and in the south-
eastern foothills of the Carpathian Mountains. It forms the transition between thermophilous oak 
and oak-hornbeam forests (F63, F64, G34, G60, G21) as well as feather-grass steppes (M5). Cor-
respondingly, the vegetation mosaic consists of thermophilous mixed oak forests dominated by 
Quercus pedunculiflora or Q. pubescens and interspersed herb-rich bunch-grass steppes, the as-
pect of which is determined by Stipa species (Stipa lessingiana, S. pennata, S. capillata) or Fes-
tuca valesiaca. Mesophilous meadow plants are largely absent here. 

Unit L14 contains special vegetation complexes on coastal sand dunes in the Danube delta with 
sand steppes and dry grasslands on the dry dune ridges and ash-oak forests with Quercus pedun-
culiflora and Fraxinus pallisae in the damp dune valleys and at the base of the dunes. 

The east Thracian steppes on marl-clay alternating with downy oak forests and Paliurus spina-
christi scrub (L15) represent a special unit in the borderline area between the Pontic-Danubian 
forest steppes and the sub-Mediterranean-subcontinental downy oak forests. Their transitional 
character between open downy oak (scrub) forests and treeless dry or steppe grasslands is deter-
mined by the combination of the warm, dry summer climate with low precipitation and the forest-
hostile, periodically dry marl-clay soils. The naturalness of any forest steppe vegetation in this 
region is disputed (cf. HORVAT et al. 1974), and the character and species composition of the 
steppe vegetation are largely unknown. HORVAT et al. (1974) presume on the basis of a review of 
the literature that true Stipa steppes are unlikely here; instead, thorn-shrub-dominated forms of 
phrygana vegetation are to be expected, with an open vegetation cover and a high proportion of 
ephemerals. 

The Crimean herb-grass steppes (L16) at the northern foothills of the Crimean Mountains (250-
400 m) are classified as typical sub-Mediterranean forest steppes. These are herb-rich bunch-grass 
steppes (not meadow steppes, as in the subcontinental forest steppes) which alternate with Thymus 
communities and Quercus pubescens forests with Carpinus orientalis. 
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The composition of the steppe communities includes species found in the Pontic lowland steppes 
such as Stipa capillata, S. pulcherrima, Festuca valesiaca, Koeleria macrantha, Filipendula vul-
garis, Adonis vernalis, along with Mediterranean and sub-Mediterranean species and species en-
demic to the Crimea, including Centaurea sterilis and Jurinea sordida. Characteristic species are 
Stipa pontica, S. brauneri, Agropyron ponticum, Festuca callieri, Bromus cappadocicus, Veronica 
multifida, Convolvulus cantabrica, Muscari neglectum, Sanguisorba minor subsp. polygama, Jur-
inea stoechadifolia. Differential species of these mountain steppes, as opposed to the steppes on 
the plains, are Salvia scabiosifolia, Onosma taurica, Onobrychis miniata. Some species from the 
Crimea also occur in the Pre-Caucasus (Asphodeline taurica, Onosma rigida, Linum austriacum 
subsp. euxinum etc.). The vegetation complex is characterised by the combination of Thymus 
communities (Thymus roegneri, Festuca callieri), Thymus-rich steppes and rock communities 
(including Helianthemum oelandicum subsp. stevenii, Asphodeline taurica, Onobrychis gracilis, 
Convolvulus holosericeus, Tanacetum paczoskii). 

The Crimean Mountain steppes (L17) are distributed on the flat, wind-exposed summits of the 
Jaila mountains at altitudes of up to 1400 m. Here meadow steppes are the predominant communi-
ties, nevertheless there are also Thymus-rich formations and other communities on stony soils. 
The karstic highlands (‘jajly’) have always been unforested in the postglacial, but have also been 
intensively grazed for centuries. In wind-protected karst basins, small beech (Fagus sylvatica 
subsp. moesiaca) forest stands occur, which indicate the potential to sustain forest growth, at least 
in parts. The Crimean montane steppes harbour a great number of sub-Mediterranean and Medi-
terranean species, which supports their classification as sub-Mediterranean forest steppes (DIDUCH 

1987b, 1992). 

In the central Jaila Mountains, dry grassland is most frequently encountered with Festuca rupi-
cola, Bromus cappadocicus, Carex humilis, Festuca callieri and Stipa lithophila. Into the lower 
eastern ‘jajly’ steppes with Stipa tirsa, S. capillata and S. brauneri are predominant. The dwarf 
shrubs and shrubs frequently found are Paronychia cephalotes, Genista albida, Helianthemum 
nummularium subsp. grandiflorum, H. oelandicum subsp. orientale, many of them in among the 
tomillar vegetation (Thymus roegneri, T. dzevanovskyi) that covers larger areas, particularly on 
steep slopes and in peak locations. The communities on limestone rocks also exhibit a region-
specific species combination, including, amongst others, Helianthemum oelandicum subsp. ste-
venii, Pimpinella tragium, Androsace taurica, Veronica taurica. 
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M  Steppes 

Zoja V. Karamyševa (revised in July 2003) 

Characterisation and typological delimitation; geographical distribution 

Steppes are naturally treeless grasslands in which microtherm xerophilous and other sclerophyl-
lous perennial bunchgrasses and herbs predominate. They occupy the semiarid regions of the 
submeridional climate zone, where the inadequate water availability prevents forest growth on 
zonal sites. The European moderately continental steppes of this formation form a transitional 
zone to the north into subcontinental forest steppes (L.1) and nemoral deciduous forests (F.4) of 
the temperate zone, to the south-west into sub-Mediterranean-subcontinental forest steppes (L.2), 
and to the south-east into winter-cold Aralo-Caspian deserts (Formation O, see Map 16). 

The European steppes form the westernmost part of the Eurasian steppe region and the western 
part of the 4500 km wide Black Sea-Kazakhstan sub-region, which is divided into the western, 
Black Sea (Pontic), and the eastern, trans-Volga-Kazakhstan steppe provinces (see Figure 12).  

Figure 12: Spatial subdivision of the Black Sea-Kazakhstan steppe region (based on LAVRENKO & KARAMYŠEVA 
1993). 

  Boundaries: A = outer boundary of the region; B = provinces; C = sub-provinces (SP); 
  1 Balkan-Moesian forest steppe province; 2 East European forest steppe province (a Middle Dnieper 

SP, b Central Russian SP, c Transkama-trans-Volgian SP); 3 Black Sea (Pontic) steppe province (a 
Black Sea-Sea of Azov SP, b Middle Don SP); 4 West Siberian forest steppe province; 5 Trans-
Volga-Kazakhstan steppe province (a Yergeni-trans-Volgian SP, b Western Kazakh SP, c Central 
Kazakh SP, d Eastern Kazakh SP, e Saur-Tarbagatai SP, f Southern Altai SP). 

In Europe, the steppe area has approximately the shape of a triangle, the corners of which are 
marked by the Danube Delta, the Southern Urals and the River Terek. It stretches for ca. 2200 km 
from west to east and ca. 870 km from north to south. In the Pontic region the steppes border the 
northern coasts of the Black Sea and the Sea of Azov. East of the Sea of Azov, the steppes extend 
up to the base and into the foothills of the Great Caucasus. Outside of the contiguous steppe area, 
steppe islands, extensive in some cases, are found in the Caucasian and Transcaucasian mountain 
ranges. 
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Stand structure and physiognomy 

In the true steppes, perennial xerophilous bunchgrasses and bunch sedges determine the aspect of 
the vegetation, and also account for the bulk of the biomass. The steppe grasses develop a very 
dense and finely branched root system penetrating throughout the soil to a depth of 2(2.5) m, 
which makes optimum use of the available water stored in the soil. The bulk of root-biomass is 
concentrated in the uppermost 20(-30) cm. In addition the steppe grasses are extremely well 
adapted to the semiarid site conditions because they provide a great number of ephemeral roots 
(root hairs) in the periods with better water supply. 

Perennials are represented in all layers and are well adapted to the site conditions of summer 
drought due to the specific structure of their subterranean storage organs (tubers, rhizomes, tap 
roots, bulbs). In general, however, they are less drought-resistant than grasses and dwarf sub-shrubs. 
Therefore their main distribution is in meadow steppes (Formation L). 

The desert steppes are the driest formation of the steppes, and occur in in the transitional areas 
towards deserts, frequently on salinated soils. Here, dwarf sub-shrubs make up a substantial pro-
portion of the plant cover, whereas the bunchgrasses decrease. Steppe shrubs occur only in spe-
cific areas and on special sites, mainly on sandy or rocky soils, on hillsides and in flat depressions. 

The steppe communities are structured roughly into three layers: shrub, grass, and bryophyte-
lichen layers. The grass layer consists of the following sub-layers: the upper layer, composed of 
the relatively tall bunchgrasses, especially feather grass species (height from 40 to 80 cm, depend-
ing on the region), a middle sub-layer of short bunchgrasses (of the genera Festuca, Koeleria, 
Agropyron and Cleistogenes), and a lower sub-layer of low-growing herbs, geophytes and thero-
phytes, especially spring-autumn ephemerals. In certain situations bryophytes and lichens also 
play an important role. 

Russian geobotanists traditionally distinguish three zonal types of steppes, which successively 
replace one another from north to south: (1) meadow steppes (Formation L), (2) true or typical 
steppes with the north-to-south progression from bunchgrass steppes with many herbs to dry grass 
steppes with few herbs and (3) desert dwarf sub-shrub-bunchgrass steppes. There are some differ-
ences in composition, vertical and horizontal structure and pattern of development of these zonal 
types, resulting from increasing aridity of climate, caused by latitudinal increase of solar radiation, 
and decrease of precipitation as well as progressive salinisation of soils. More specifically, the 
following parameters change from north to south: 

– ground (vegetation) cover decreases from north to south (from 90 to approx. 30% and even 
less);  

– the height of the grasses and herbs likewise decreases (from 80 -100 to approx. 20 cm); 
– species diversity decreases (from the meadow steppes with up to 36 species/m2 to approx. 12 

species/ m2 in the desert steppes); 
– both above- and below-ground biomass decreases; 
– the only slight layer-differentiation of the vegetation cover of meadow steppes changes to the 

south into well structured vegetation with 3 layers in the true and desert steppes; 
– the number of perennial herbs decreases whereas the proportion of ephemerals and ephemer-
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oids (therophytes and geophytes) and that of xerophytes (grasses, herbs, dwarf sub-shrubs) in-
creases; 

– the reverse is true of biomass, where the proportion of below-ground in relation to overall 
biomass increases from north to south. 

A significant factor in the formation of the spatial structure of the vegetation cover in steppes is 
burrowing activity by rodents living in colonies. These colonies not only affect plant growth, but 
also alter the micro- and nano-relief. The grazing effect of rodents on steppes is similar in some 
ways to that caused by grazing of wild or domesticated ungulates. 
 
Floristic composition 

As stated above, perennial malacophyllous xerophytes1 are predominant in steppes. There is a 
high proportion of scleromorphic bunchgrasses of the genera Stipa, Festuca, Koeleria, Cleisto-
genes, Agropyron, Poa and Helictotrichon. Besides these there are steppe-specific bunch sedges 
(Carex spp.) and herbs (including the genera Aster sect. Galatella and Tanacetum). 

The communities of the true steppes are mainly composed by feather grass species belonging to 
Stipa section Stipa (Stipa dasyphylla, S. pulcherrima, S. tirsa, S. ucrainica, S. zalesskii), south-
ward also to the sections Barbatae (Stipa lessingiana, S. korshinskyi) and Leiostipa (Stipa 
sareptana, S. capillata), as well as the low bunchgrasses Festuca valesiaca, Koeleria macrantha 
and Cleistogenes squarrosa. Some types of steppes are characterised by the abundance of the tall 
bunchgrass Helictotrichon desertorum.  

Loose bunchgrasses such as Bromopsis riparia and Phleum phleoides grow mainly in the north-
ern, herb-rich steppes. 

Apart from the bunch and loose bunchgrasses, perennial herbs also play an important role. In 
terms of life forms, the steppe herbs can be assigned to the tap-rooted plants (Dianthus, Centau-
rea, Silene, Peucedanum, Salvia species, some species of the genera Oxytropis, Astragalus, Ono-
brychis etc.), the short-rhizomatous plants (e.g. Adonis wolgensis), the tufted tap-rooted plants 
(Galium ruthenicum etc.) and the tuberous plants (e.g. Filipendula vulgaris).  

In the desert steppes, xerophilous dwarf sub-shrubs play an important role together with bunch-
grasses. These primarily consist of wormwoods (species of Artemisia) as well as halophytes from 
the family Chenopodiaceae. In the Pontic and Caspian desert steppes Artemisia species of the 
subgenus Seriphidium (e.g. Artemisia santonicum, A. taurica, A. lerchiana and A. pauciflora, the 
latter two in trans-Volgian steppes) are predominant.  

The typical steppe climate in the Black Sea (Pontic)-Kazakh sub-region has a relatively moist 
spring and autumn period. There is therefore only a brief period in which short-lived species are 
of greater importance. These include perennial ephemeroids (bulb and tuber geophytes of the gen-
era Tulipa, Crocus, Gagea, Ornithogalum, Bellevalia, Bulbocodium, Poa sect. Poa subsect. Bul-
bosae etc.), hemi-ephemeroids (Adonis wolgensis, Rindera tetraspis) and ephemerals (genera 
                                                            
1  Plants with intensive transpiration when water availability is good and restricted transpiration in drought 

through closure of the stomata (WALTER & BRECKLE 1994:211) 
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Bromus, Valerianella, Holosteum, Alyssum, Ceratocephala, Erophila). Their proportion increases 
towards the south, where the ephemeroids are especially well represented by Poa bulbosa. 

In some steppe types a ground (cryptogam) layer of mosses (Tortula ruralis), lichens (Parmelia 
vagans, P. ryssolea) and algae (Nostoc commune) is formed. Shrubs of the genera Spiraea, 
Prunus, Amygdalus, Calophaca and Caragana often occur in steppes, especially on sandy or 
stony soils.  

The montane steppes of the Caucasus and especially Transcaucasia are distinguished on the one 
hand floristically by a high proportion of species from Iran and Asia Minor as well as a series of 
endemic species, and on the other hand by a specific stand structure.  

Within the group of Transcaucasian montane steppes there are communities with a high propor-
tion of montane thorn-cushion xerophytes, dwarf sub-shrubs and dwarf shrubs. The thorn-cushion 
sub-shrubs belong mainly to the families Lamiaceae (Thymus, Scutellaria species), Fabaceae 
(Astragalus subgen. Tragacantha, Onobrychis sect. Dendrobrychis) and Plumbaginaceae (Acan-
tholimon species). 

The increase of climatic continentality from west to east likewise markedly influences the species 
composition and structure of the steppe communities. The amount of species with eastern distribu-
tion and with their main range in the continental or hypercontinental sector of Eurasia increases, 
whereas the number of typically Pontic and Pannonian-Pontic species decreases. These tendencies 
can be observed throughout the steppe region. A substantial change in the species composition 
can be noticed at the boundary of the east European-Pontic sector with the west Siberian-Kazakh 
sector. East of the Ural River, west Siberian-Kazakh and north Turanian-Kazakh steppe communi-
ties predominate. 

The diversity of the steppe vegetation is furthermore determined by differences in the relief as 
well as in the physical and chemical qualities of the parent materials and soils (content of coarse 
and stony material, sand, carbonate or salt). Correspondingly, there are specific edaphic variants 
of the steppe vegetation, including psammophytic and hemi-psammophytic, petrophytic, hyper- 
and hemi-halophytic. These types are floristically and structurally distinguished from steppes on 
loamy soils. The halophytic and hemi-halophytic variants are characterised by typical vegetation 
complexes: steppe communities alternate with halophytic dwarf sub-shrub communities depend-
ing on the salinity of the soils. 

These regularities in the differentiation of steppe vegetation are clearly reflected in the structure of 
the legend and in the mapping units of the vegetation map. 
 
Position in the phytosociological system (syntaxa) 

Steppe communities, according to the Russian dominant-species-based classification system, are 
assigned to the following units: Stipeta tirsae, S. pulcherrimae, S. lessingianae, S. zalesskii, S. 
korshinskyi, S. ponticae, S. capillatae, S. ucrainicae, S. anomalae, S. sareptanae, S. dasyphyllae, 
Helictotricheta desertorii, Cariceta pediformis, Festuceta valesiacae, F. callieri, F. beckeri, Ag-
ropyreta pectiniformis, A. desertorum, Cleistogeneta squarrosae. The vegetation on solonetz soils 
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is characterised by communities of the formations Artemisieta santonicae, Atripliceta canae, Ar-
temisieta pauciflorae and A. lerchianae occurring particularly in the east. 

According to RODWELL et al. (2001), the steppe vegetation can be ordered into the classes Fes-
tuco-Brometea Br.-Bl. et Tx. in Br.-Bl. 1949 and Puccinellio-Salicornietea Topa 1939 (on saline 
soils). Assigned to the first class within the order Helictotricho-Stipetalia Toman 1969 are the 
alliances Helictotricho desertori-Stipion rubentis Toman 1969 from northern Kazakhstan and the 
Southern Urals, as well as the Tanaceto-Stipion lessingianae Toman 1969 from western Kazakh-
stan and neighbouring Russia. Placed in the class Puccinellio-Salicornietea are the plant commu-
nities on solonchak and solonetz soils belonging to the alliance Limonio tomentelli-Artemision 
santonicae Agafonov et Golub in Golub 1995 distributed in the central part of European Russia 
and the order Festuco-Limonietalia Mirkin in Golub et Solomakha 1988 distributed in the Ukraine 
and in the south-east of Russia. 

The classification of the east European steppes is not completely elaborated yet. A list of Ukrain-
ian steppe communities (prodromus) based on the dominant species system has been published 
(MALINOVSKIJ 1991), but without species lists and other data. A classification of the Central 
Asian steppes according to the Braun-Blanquet system was published only recently (KHMELEV 
2002). 
 
Macroclimatic factors 

The climate in the feather-grass steppe region is semiarid with a well-pronounced dry season as 
well as a short period of drought in late summer (see Figure 13). The growing season continues 
for 4 months (from April until the end of July). The spring (April-May) is relatively warm with a 
considerable quantity of precipitation. Maximum precipitation occurs in June. Mean annual pre-
cipitation is about 400 mm, with a minimum of 300 mm in the west and 200 mm in the east. East 
of the Sea of Azov and south of the lower course of the Don River (on the Stavropol’ upland) the 
amount of precipitation rises to 700 mm.  

The climatic conditions vary within the steppe region from north to south and from west to east. 
Towards the south and east, aridity increases: the amount of precipitation decreases, the total sum 
of positive temperatures increases, the growth period becomes longer, and the summer dry phase 
(semi-dormancy period) is more distinct and longer. 

Mean annual temperatures fluctuate between 3 (5) and 10 (12) °C, for the warmest month (July) 
between 15 (20) and 26 °C. In hot summers temperatures reach 40 °C in the west and 43 °C in the 
east. The mean temperature of the coldest month (January) is -3 °C (in the west) and -12 (-16) °C 
(in the east). Sometimes winters are extremely cold (minimum around -34 °C in the west and 
-40 °C in the east). On the Pontic lowland and the plains near the Sea of Azov, a noticeable mod-
erating influence of the Black and Azov Seas is observed. 
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Figure 13: Climate diagrams of the east European forest steppes, steppes and deserts (L, M, O) (based on 
WALTER & LIETH 1967). For formation L stations are Uman (L3), Woronesh (Voronezh) (L4), Ulja-
novsk (L5); for formation M stations are Nikolayev (M12), Rostov-na-Donu (M5), Orenburg (near 
M9); for formation O stations are Astrachan (Astrakhan) (on the Volga River, near O4), Gurjev (on 
the Ural River, near O3), Kurdamir (in Transcaucasia, O9). 

Site conditions 

The relief in the steppe region is characterised by considerable diversity. Steppes occupy vast 
areas in the southern part of the east European lowland (near the Black Sea and Sea of Azov) and 
also the lowland to the north and north-west of the Caspian Sea (Prikaspij). There are also some 
upland territories on the western bank of the Dnieper and Volga Rivers, and in the southern trans-
Volga hilly and upland area. Steppes occur also on the trans-Kama and trans-Volga uplands, the 
Yergeni hills and the Stavropol’ uplands (the maximum height above sea level of the latter is 831 
m). In the areas lying between the Dnieper, Don, Khoper, Oka, Volga and Kuban Rivers the pla-
teaux are divided by a network of gullies formed by water erosion. In the eastern Great and Lesser 
Caucasus the steppes extend into the high montane and sub-alpine belt (M4, M11). 

The soils as a rule are fine-grained and deep, with a high silt content and good water-holding ca-
pacity. They have developed mainly on substantial loess sediments deposited during the Pleisto-
cene. Characteristic soils in the steppe zone are the deep typical and southern chernozems (black 
earth) as well as dark and light chestnut soils (castanozems) in the southern regions. The thickness 
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of the humus horizon is 40-50 cm for the typical chernozems (for the deep chernozems under 
meadow-steppes 80-100 cm), whereby the humus content is 6-8 % (in trans-Volga 7-10 %). The 
humus horizons of the southern chernozems are 20-30 cm thick with 5 % humus (in trans-Volga 
5-7 %). Dark chestnut soils have a humus horizon of 20-30 cm depth, and their humus content is 
2-4 % (in trans-Volga up to 5 %). 

As a result of the aridity (high rate of evaporation in relation to the total precipitation) salt accu-
mulates in the soils, and no leaching occurs, but instead the sorption complex is saturated with 
Ca2+ and Mg2+ carbonate minerals, in the southern regions together with soluble salts. Therefore 
the steppe region, particularly in the south, includes large areas of saline soils, which in many 
cases form complexes with solonetz soils. In the transition zone from the steppes to the deserts 
(Formation O), solonchak soils occupy extensive areas. In the valleys of large rivers, steppes are 
also found on alluvial sands, such as on the lower terraces at the middle courses of the Dnieper 
and Don Rivers, which have partly been blown into dunes. 
 
Role in structuring the landscape 

As mentioned above, steppes are distributed mainly in the lowlands, hilly landscapes and pla-
teaux. Forests are found in the steppe region only on sites where sufficient water is available, such 
as on shady lower slopes, in damp depressions, along brooks and in floodplains. Usually Quercus 
robur is the predominant tree, often in association with Acer tataricum and shrub species. Typical 
components of the natural vegetation in the steppe region also are scrubs composed of the same 
species found in the forest steppe (e.g. Spiraea, Rosa, Amygdalus, Chamaecytisus, Prunus, Cara-
gana). As in the forest steppe, on rocky sites tomillares and petrophytic dwarf sub-shrubs as well 
as dwarf shrub communities are frequently encountered. 

Typical components of the vegetation cover in the southern, particularly dry and desert steppe 
regions are communities of halophytes on solonchak soils as well as halophytic dwarf sub-shrub 
communities (particularly with Artemisia species) on solonetz soils. 
 
State of preservation, land use, substitute communities; nature conservation 

Europe’s steppes were converted into arable land on a large scale, particularly in the 19th and 20th 
centuries. Especially during the 19th century, a large-scale intensification of agriculture occurred 
which impacted numerous steppe areas.  

Agricultural use and especially deep cultivation of the soils considerably altered and destroyed the 
natural stratification of the soil profiles. This calls into question the feasibility of restoration of the 
original steppe vegetation following cessation of agricultural use. The substitute communities 
found on arable land consist of a few original steppe species only, along with numerous adventive 
plants. 

Remains of the natural steppe vegetation are confined to a few nature reserves, former military 
training sites and, most of all, the steeper slopes of the ravines and river valleys. The nature re-
serves on the territory of Ukrainian steppes are depicted on the “Map of the vegetation of the 
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Ukrainian SSR” (BILYK & ŠELJAG-SOSONKO 1984). They include the Ukrainian Steppe Reserve 
with some off-shoot reserves (Kamennye Mogily, established in 1927 near Sea of Azov on the 
pri-Azov upland, and Khomutovskaja Steppe, set aside in 1926 in the Donetsk region) and the 
Luganskyi Reserve (its steppe portions are the Proval’skaja Steppe and the Streltsovskaja Steppe 
in the valley of the Donets River, Voroshilovgrad region). The most famous steppe reserve is the 
Askanija Nova steppe nature reserve, established already in 1887 in the grass steppe region north 
of the Crimean Peninsula (M12a). Recently, in 1998, the Bogdo Baskunchak nature reserve was 
founded in the desert steppe zone (M19/M21) south-east of Volgograd. Studies are also being 
conducted in these areas to establish optimum conservation management practices for the preser-
vation of steppe ecosystems. 

It is known from long-term investigations and observations that even natural steppes require a 
specific level of grazing for their preservation and that wild animals (ungulates as well as large 
and small rodents) have always played an important role in the development and conservation of 
steppes, including their soils, their specific microrelief, site and vegetation mosaics (cf. 
LAVRENKO & KARAMYŠEVA 1993:42 ff., WALTER & BRECKLE 1994:200 ff.). Large ungulates such 
the wild horse and the saiga antelope, large herds of which once populated the steppes, influenced 
the composition and structure of the steppe vegetation through their selective pasturing. Similarly, 
rodents such as ground squirrels (suslik), bobaks or marmots (surok) and smaller rodents (steppe 
lemmings, voles, mole rats) did the same by their burrowing activity (leaving tunnels and mounds, 
intermixing the upper soil layers and excavating raw soils), grazing of vegetation and local eutro-
phication of the soil through excrement. 

After the extinction of the large wild animals, grazing by ungulates was continued by domestic 
animals pastured by humans. Extensive pasturing is beneficial and necessary to the conservation 
of typical steppe vegetation. Heavy grazing leads to a decline in steppe herbs and feather grasses 
and an increase in Festuca species (e.g. Festuca rupicola) and xerophilous dwarf sub-shrubs. Ex-
cessive grazing results in the dominance of pasture weeds and annuals. The exclusion of grazing 
and a fallow period leads to an accumulation of litter, a change in the soil air and water balance, 
the replacement of bunchgrasses by rhizomatous plants and the local spread of woody plants by 
root suckers and other kinds of vegetative reproduction. An occasional fire is no problem for the 
conservation of steppe vegetation, but repeated burning leads to degradation by weeds. 

The regeneration of steppe vegetation on abandoned areas of arable land seems possible over 
longer periods and with very extensive grazing, provided that sufficient residual areas of steppe 
vegetation are still present in the environment (e.g. on slopes, on microsites). On this subject, a 
case study has been carried out on fields abandoned during the war in the Crimean steppe region 
after 1945 (DZENS-LITOVSKAJA 1970). 
 
Classification into subunits 

In the legend of this map the steppes are subdivided into 4 zonal subgroups, which are arranged in 
belts from north to south and/or south-east (see Map 16: M1-M4). The northernmost three sub-
groups are true steppes dominated by bunchgrasses, in particular feather grasses. Their subdivi-
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sion reflects the decreasing proportion of herbs towards the south. The southernmost and driest 
belt is formed by the desert steppes, where herbs are absent to a large extent and the bunchgrasses 
are combined with xerophytic sub-shrubs, in particular Artemisia species. These steppes are also 
known as wormwood-feather grass steppes; they form a transition to the northern dwarf sub-shrub 
deserts (O1). 
 
M.1 True steppes (Stipa pennata, S. tirsa, S. dasyphylla, S. ucrainica, Festuca valesiaca, 

Koeleria macrantha) 

The typical characteristics of feather grass steppes are most clearly expressed in true steppes. 
They are dominated by xerophytic bunchgrasses, which also produce the most biomass. 

The Pontic and Kazakh steppes are dominated by feather grasses of Stipa section Stipa, such as 
the Pannonian-Pontic-Kazakh species Stipa pennata s. str. and S. tirsa, the western Mediterranean 
S. pulcherrima, the Pannonian-Pontic S. dasyphylla, the Pontic S. ucrainica and the eastern Pon-
tic-Kazakh S. zalesskii s. str. (= S. rubens). In addition, an important role is played by the Eurasian 
submeridional-continental Stipa capillata, the trans-Volgian-Kazakh S. sareptana and S. korshin-
skyi from the section Leiostipa, the species of which predominate in the Central Asiatic steppes, 
as well as the Pontic-Kazakh Stipa lessingiana of the section Barbatae. In the Ukraine, 29 Stipa 
species occur (KLOKOV & OSYČNJUK 1976), a considerable number of which are endemic: Stipa 
brauneri (endemic to Novorossijsk and the Crimea), S. setulosissima, S. majalis, S. graniticola 
(endemic to the Black Sea coast), S. transcarpatica (endemic to south-eastern Europe), S. maeo-
tica (endemic to the coast of the Sea of Azov) and S. lithophila (endemic to the Crimea). 

Festuca species play an important phytocoenotic role in the true steppes, particularly the Euro-
pean-western Asiatic-continental Festuca valesiaca, which has a very broad ecological amplitude 
and occurs from the meadow steppes (Formation L) to desert steppes, and also F. rupicola which 
has a more limited range and is distributed mainly in the meadow and true steppes. The Pontic-
Kazakh Festuca beckeri is the dominant species of the sand steppes. 

A further constant element is the holarctic-continental bunchgrass Koeleria macrantha. Agropy-
ron species play an important but lesser role than feather grasses and fescues. These include the 
western Mediterranean Agropyron cristatum, the eastern Pontic-Kazakh-Mongolian A. desertorum 
and the Pontic-Kazakh A. fragile. Other Agropyron species, such as A. dasyanthum (lower and 
middle Dnieper region), A. tanaiticum (Dnieper-Don region) and A. cimmericum (coast of the Sea 
of Azov), have an important function for sand stabilisation. Among the Helictotrichon species, H. 
desertorum (European-western Asiatic species) is present in specific formations. The western 
Mediterranean Cleistogenes serotina is especially important in the petrophytic, hemi-
psammophytic and psammophytic steppes, while the western Pontic-Kazakhstan-Mongolian 
Cleistogenes squarrosa plays an important role in various types of steppe. 

The European submeridional-subcontinental Carex humilis is typical for steppe communities on 
gravelly soils in the north of the steppe region. East of the Central Russian upland it is replaced by 
the eastern Pontic-Kazakh-southern Siberian-Mongolian Carex pediformis. Both sedges are typi-
cal elements of the meadow steppes. 
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Perennial herbs are also characteristic components of the feather grass steppes. Their proportion 
and their ecological requirements, together with the particular bunchgrasses that dominate in each 
case, serve as a criterion for the division of the true steppes into 3 subzonal types, to which char-
acteristic soil types can also be assigned: 

M.1.1 Herb-rich grass steppes – on typical chernozems (common black earth) 
M.1.2 Herb-grass steppes – on southern chernozems (southern black earth) 
M.1.3 Grass steppes – on dark chestnut soils 
 
M.1.1  Herb-rich grass steppes (Stipa tirsa, S. pulcherrima, S. dasyphylla, S. zalesskii, Festu-

ca valesiaca) 

Distribution 

Herb-rich grass steppes occupy a variably broad band both to the north (in the foothills of the 
Caucasus) and south of the forest steppe from the Dniester River in the west east to the Ural 
mountains in the east. Isolated patches are found in the north of the Kuban lowland and in the 
Stavropol’ upland, and more are found in the Lesser Caucasus. 
 
Stand structure and physiognomy; floristic composition 

As everywhere in the true steppes, eu-, eury- and meso-xerophytic2 bunchgrasses such as Stipa 
dasyphylla, S. pulcherrima, S. lessingiana, and S. capillata, furthermore Stipa zalesskii in the 
trans-Volgian-Kazakh steppes, are dominant in the herb layer. Festuca valesiaca is always repre-
sented with high frequency. Poa angustifolia is characteristic as well as Bromus riparius. Stipa 
species that are dominant in the meadow steppes of formation L (e.g. Stipa tirsa, S. pennata s. 
str.) also extend into this subzone. Other typical elements are rhizomatous and loose bunchgrasses 
(Bromus riparius, B. inermis, Elymus repens, E. hispidus subsp. barbulatus, E. trichophora), 
which are also distributed in meadow steppes. 

Diagnostic is the regular occurrence of meadow steppe herbs (Filipendula vulgaris, Myosotis 
popovii, Trifolium alpestre, Trifolium montanum, Echium russicum, Polygala comosa, Anemone 
sylvestris, Lathyrus pannonicus) and typical xerophilous steppe herbs (Paeonia tenuifolia, Medi-
cago falcata subsp. romanica, Salvia nutans, S. austriaca, Euphorbia nicaeensis subsp. stepposa, 
Limonium platyphyllum). Other characteristic elements are hemi-ephemeroids, which are absent 
from the meadow steppes (Serratula erucifolia, Adonis wolgensis). Geophytes, though uncom-
mon, are represented by numerous species (Poa bulbosa, Gagea pusilla, G. bulbifera, Tulipa syl-
vestris subsp. australis, T. biflora, Hyacinthella leucophaea, H. pallasiana, Crocus reticulatus, 
Ornithogalum kochii). Ephemerals include Holosteum umbellatum, Alyssum turkestanicum, 
Arenaria serpyllifolia, Erophila verna, Draba nemorosa, Viola kitaibeliana, Androsace elongata 
and Veronica verna. 

The structure and species composition of herb-rich grass steppes reflect the transitional character 
of these steppes, exhibiting features of both meadow and true steppes. The degree of coverage 
                                                            
2 These terms are discussed in the paper by LAVRENKO E.M. and KARAMYŠEVA Z.V. (1993). 
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achieved by the herb layer reaches high values (60-80 %), and the bunch structure is not yet as 
pronounced as it is in the grass steppes. 

The growing season begins in the second half of March and ends at the beginning of October. The 
main flowering period is in early summer, although some herbs flower throughout the summer. In 
late summer, the leaves desiccate, but the summer period of semi-dormancy is not as marked as it 
is in the more southern formations. During the vegetation period, seven distinct flowering phases 
can be distinguished in the herb-rich steppes. 

The climate is moderately continental and fairly dry with clearly increasing continentality to-
wards the east. The average annual temperatures are 7-9 °C in the west and 5-6 °C in the east. The 
mean January temperature fluctuates between -4 to -5 °C in the west and -12 to -16 °C in the east; 
the mean July temperature is between 20-23 °C in the west and 20-22 °C in the east. Mean annual 
precipitation reaches 540 mm in the Donets upland and 700 mm in the Stavropol’ upland. 

The relief in the steppe region consists of vast plains, hills and valley-dissected plateaux. The 
prevalent soils are typical chernozems (common black earth). On alluvial plains and on plateaux, 
salinated chernozems, solonetz and solonchak soils are distributed, locally with alluvial and gley 
soils, while carbonate chernozems prevail in the trans-Volgian region. 

In the area of herb-rich grass steppes, inclusions of open pedunculate oak forests with steppe ele-
ments frequently occur on suitable sites such as valley slopes (cf. red oak symbol on the 1:2.5 
million map). Furthermore, there are insular occurrences of forest steppes (L5, L7, L8), Sarmatian 
lime-oak forests (F71, F72) and xerophytic oak-pine forests with steppe plants (D57) in this area. 
In the region of the Donets and Don Rivers, tomillar steppes are regularly scattered on limestone 
and marl slopes (red dash symbols on the 1: 2.5 million map). 
 
Division into mapping units 

The herb-rich grass steppes of the lowlands are divided into three phytogeographic types of 
steppes, which occur in succession from west to east. These are the western and central Pontic 
(M1), central Pontic (M2) and trans-Volgian steppes (M3). A high montane Transcaucasian unit 
(M4) is also included here. 

The western and central Pontic herb-rich grass steppes (M1) occupy a narrow strip to the south of 
the forest steppe from the Dniester River to the middle course of the Donets River. A second por-
tion of its range is lowland situated between the lower course of the Don and the Kuban lowland 
and includes the Stavropol’ upland as far as the River Terek. Pontic and Pannonian-Pontic species 
are characteristic here. Except for Stipa zalesskii and Carex pediformis, which dominate in the 
petrophytic steppes of the Donets upland, species with an eastern distribution do not play a sig-
nificant role here. 

The central Pontic herb-rich grass steppes (M2) are distinguished from the preceding unit by the 
regular occurrence of Stipa zalesskii and the absence of Stipa ucrainica. Differential species with 
an eastern distribution include Helictotrichon schellianum, Hedysarum grandiflorum, Asperula 
tephrocarpa and Crambe aspera. This unit extends from the Donets to the Volga River. 
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The trans-Volgian herb-rich grass steppes (M3) are distributed to the east of the Volga River up to 
the foothills of the Ural Mountains. Here the following dominant species are typical for the west 
Siberian-Kazakh steppes: Stipa zalesskii, S. capillata, Helictotrichon schellianum and H. deserto-
rum. The latter is distributed particularly in the steppes of the Ural foothills (it is also found in 
isolated sites westward to the Volyno-Podolian steppes). Additional typical elements of the 
steppes of the Ural foothills are Stipa pennata s. str., S. pulcherrima and the trans-Volgian-
Kazakh Stipa korshinskyi. Judging by the dominant herbs (including Onobrychis sibirica, Oxytro-
pis pilosa, Peucedanum alsaticum and Silene chlorantha) these steppes resemble the northern 
Kazakh communities. 

The Transcaucasian herb-grass steppes and meadow steppes (M4) differ clearly from other herb-
rich grass steppes due to their isolation and high montane distribution. They are composed of spe-
cies of the meadow steppes (Festuca valesiaca, Koeleria macrantha, Elymus hispidus subsp. bar-
batus, Stipa tirsa, S. pulcherrima, Festuca ovina, Bromus variegatus) and the mountain steppes 
(Poa densa, Koeleria albovii, Secale montanum, Hordeum violaceum etc.) as well as numerous 
(100-120) species of herbs with Caucasian and Anatolian-Iranian distribution. The species-rich 
mountain steppes form various complexes with thorn-cushion communities and tomillares. 
 
M.1.2  Herb-grass steppes (Stipa ucrainica, S.zalesskii, S. anomala, S. lessingiana, Festuca 

valesiaca) 

The herb-grass steppes encompass 7 mapping units (M5-M11); 6 units have lowland-colline and 
one unit (M11) montane distribution. The herb-grass steppes extend from Romania through 
southern Moldova, the Ukraine and Russia up to the Southern Urals. To the south and east they 
adjoin the herb-rich grass steppes, and with the montane unit they extend into the Great and 
Lesser Caucasus. 

The herb-grass steppes resemble the herb-rich grass steppes (M.1.1). Both of these types pre-
dominantly contain euxerophytic and euryxerophytic grasses (e.g. Stipa lessingiana, S. capillata, 
S. zalesskii, Agropyron cristatum subsp. pectinatum, Festuca valesiaca, Koeleria macrantha). 
However, they exhibit differences in structure and species composition. The herb-grass steppes on 
zonal sites lack the more mesophilous Stipa species (S. tirsa, S. pennata s. str.), as well as Phleum 
phleoides, Bromus riparius or Elytrigia and Agropyron species not occurring as frequently as in 
northern steppes. Xerophilous and mesoxerophilous herb species (Medicago falcata subsp. ro-
manica, Euphorbia nicaeensis subsp. stepposa, Salvia nutans, S. austriaca, Paeonia tenuifolia, 
Iris humilis, Achillaea setacea, Linum tenuifolium) are common and form considerable biomass. 
Northern mesoxerophilous steppe species (Myosotis popovii, Filipendula vulgaris, Phlomis tube-
rosa, Polygala comosa, Galium verum, Echium russicum) occur only sporadically, whereas 
southern steppe herbs and dwarf sub-shrubs are scattered (Aster oleifolius, Tanacetum achillei-
folium, Trinia hispida). Therophytes and geophytes – as in the herb-rich grass steppes – are not 
abundant, but their composition is very diverse (species of the genera Gagea, Tulipa, Hya-
cinthella, Crocus, etc.). The cover of the herb layer is low, reaching only 40-60 %. Furthermore, 
the herb-grass steppes exhibit a clear phase of summer semi-dormancy. 
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The climate is moderately continental with increasing continentality from west to east. The mean 
annual temperature ranges between 3 and 12 °C, the mean January temperature between 0 to -2 °C 
in the west and -14 to -16 °C in the east, and the mean July temperature changes from 22-25 °C in 
the west to 20-22 °C in the east. Average annual precipitation fluctuates between 300 and 350 
(500) mm. 

The relief is quite diverse and includes lowland plains, hilly landscapes dissected with gullies 
formed by water erosion as well as higher uplands. Herb-grass steppes are generally specific to 
moderately humic southern chernozems, such as those by the Sea of Azov and on the plains of the 
Don River. 

Islands of pedunculate oak forest are scattered on microsites – namely north-facing slopes – in the 
extensive steppe regions. In addition, herb-rich petrophytic communities (in the Donets region), 
tomillares and tomillar steppe vegetation as well as scrub with Caragana frutex, Prunus tenella 
and Calophaca wolgarica constitute the typical accompanying natural vegetation. 
 
Division into mapping units 

In spite of their wide geographic distribution, the west and central Pontic herb-grass steppes (M5) 
are characterised by a uniform species composition (Stipa ucrainica, S. lessingiana, S. capillata, 
Festuca valesiaca, Agropyron cristatum subsp. pectinatum). The accompanying tomillar commu-
nities however show clear regional differentiation from one another. The central Pontic herb-grass 
steppes (M6) adjoin mapping unit M5 from the Donets region to the east. They differ in the ab-
sence of Stipa ucrainica and the occurrence of numerous eastern species such as Stipa zalesskii, 
Onosma simplicissima and O. arenaria. The occurrence of the steppe shrub Calophaca wolgarica 
is also characteristic. 

The steppes on loamy-sandy and sandy soils of the Dnieper, Don, Donets and Volga floodplain 
terraces are clearly distinctive from the other zonal steppes. In the hemi-psammophytic herb-grass 
steppes (M7), Stipa capillata and S. anomala occur alongside Eryngium campestre, Goniolimon 
graminifolia and Scabiosa argentea, while in the psammophytic steppes (M8) such species as 
Helichrysum arenarium, Euphorbia segueriana, Festuca beckeri and Leymus racemosus are 
found. Within the Pontic steppes (M8) there are differences in species composition between the 
separate river systems. On the sands of the Dnieper, for instance, Agropyron dasyanthum, Thymus 
borysthenicus and Centaurea margaritacea subsp. breviceps occur, while in the Don steppes, 
Agropyron tanaiticum, Thymus pallasianus, Centaurea margaritacea subsp. protogerberi are 
found. In the trans-Volgian steppes on sand (M10), Agropyron fragile has particular diagnostic 
importance. Since the herb-grass steppes do not, for the most part, form closed stands, numerous 
annuals also occur (Kochia laniflora, Polygonum arenarium), as well as lichens and bryophytes. 

The trans-Volgian herb-grass steppes (M9) occupy a narrow strip between the rivers Volga and 
Ural. Here Stipa zalesskii steppes dominate, extending beyond the mapping area towards the 
south-east. On rocky limestone substrates, Stipa korshinskyi and Helictotrichon desertorum be-
come more significant. Geographic differential species such as Seseli hippomarathrum, Clausia 
aprica and Centaurea sibirica remain confined to the left bank of the Volga. 



Map of the Natural Vegetation of Europe Formation M 
 

 403  

The pre- and trans-Caucasian feather grass steppes (M11) are found in low-precipitation regions 
from the low to high montane zones of the Caucasus in Russia (Chechnya, Dagestan), Georgia, 
Armenia and Azerbaijan. Their composition is both highly varied and species-rich, with many 
endemics. Besides herb-rich feather grass steppes, both Festuca-Stipa and Botriochloa steppes are 
also represented, as are tomillares, thorn-cushion and scrub communities. The herb-rich Stipa- and 
Festuca-Stipa steppes occur mostly on shallow sites, the Stipa steppes however are more common 
on rocky southern slopes. They often harbour xerophytic sub-shrubs (Scutellaria orientalis, S. 
sosnovskyi, Nepeta racemosa). The Botriochloa ischaemum steppes are distributed in the entire 
Caucasus, but particularly in the Armenian mountain ranges and in the Jorsk uplands (eastern 
Georgia). On shallow and rocky sites they form complexes with tomillares and thorn-cushion 
communities. 
 
M.1.3  Grass steppes (Stipa ucrainica, S. lessingiana, Festuca valesiaca) 

Grass steppes (M12-M15) are the typical representatives of the true steppes. They are dominated 
by euryxerophytic bunchgrasses, mainly Stipa species (S. lessingiana, S. ucrainica, S. capillata, S. 
anomala) as well as Festuca valesiaca. Koeleria macrantha is less frequent. Leymus ramosus 
plays an important role particularly on salinated soils. Herbs have low abundance and richness, 
being represented by typical steppe xerophytes such as Dianthus guttatus, Falcaria vulgaris and 
Goniolimon tataricum. Characteristic is the admixture of scattered dwarf sub-shrubs such as Aster 
tarbagatensis, A. oleifolius and Tanacetum achilleifolium, typical xerophytes (Kochia prostrata, 
Artemisia austriaca, A. lerchiana) and haloxerophytic dwarf sub-shrubs (Artemisia pauciflora, A. 
taurica), which occur particularly on solonetz soils. Other frequent components include ephemer-
als (Holosteum umbellatum, Cerastium ucrainicum, Erophila verna), ephemeroids (e.g. Poa bul-
bosa, Tulipa gesneriana, Gagea bulbifera) and hemi-ephemeroids (Prangos odontalgica, Ferula 
caspica, Astragalus henningii), which form their own synusia. Foliose and fruticose lichens (e.g. 
Cladonia rangiformis, Cornicularia steppae, Parmelia ryssolea), mosses (Tortula ruralis) and 
algae (Nostoc commune) are regularly found. The herb layer is less dense in grass steppes (cover-
age not exceeding 40 %), the species diversity is lower (<30 species/relevé), and the summer pe-
riod of semi-dormancy (characterised by the drying-out of the leaves) is well pronounced. 

The communities of the dry bunchgrass steppes belong to the following syntaxonomic groups: 
Stipeta ucrainicae pauciherbosa, S. capillatae pauciherbosa, S. lessingianae pauciherbosa, Fes-
tuceta valesiacae pauciherbosa et haloherbosa, and Stipeta lessingianae haloherbosa (LAVRENKO 
1940). On zonal sites of the trans-Volgian-Kazakh steppes, Stipa lessingiana dominates; steppes 
with Stipa capillata are more confined to sandy soils. In the transition zone to the desert steppes, 
xerophytic dwarf sub-shrubs are more strongly represented. 

Grass steppes are characterised by a moderately continental climate, with increasing continental-
ity from west to east. The mean January temperatures are between -1 to -4 °C in the west and -10 
to -15 °C in the east; mean July temperatures reach 23-24 °C in the west and 24-25 °C in the east; 
mean annual temperatures are 9-11 °C and 5-7 °C, respectively. Annual precipitation usually re-
mains below 350 mm. 
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The relief, particularly in the west, is rather even and unstructured. The plain is interrupted by flat 
bowl-shaped and non-draining depressions (known as ‘pods’: 2-8 m deep and 2-10 km in diame-
ter). In the eastern part of the range, between the rivers Terek, Don, Volga and Ural, there are 
plains, hills and plateaux. Grass steppes are predominantly related to dark chestnut soils. They 
extend in a broad strip along the Black Sea from the Danube delta to the Sea of Azov and the 
northern part of the Crimean peninsula. The main distribution area forms a large arc from the 
Terek over the Yergeni hills, the Volga upland and the trans-Volgian uplands to the Ural River. In 
the bunch-grass steppe region, typical elements of the natural accompanying vegetation – as eve-
rywhere in the steppes – are steppe scrub communities of Prunus spinosa, Caragana frutex and 
Spiraea species. Scattered in the Don and trans-Volgian uplands are small forests of Quercus ro-
bur, as well as tomillares and petrophyte communities on shallow chalk sites. In intermittently 
flooded basins and depressions, particularly in the Black Sea region, wet meadows and fens also 
belong to the vegetation inventory. 
 
Division into mapping units 

The grass steppes are divided into four mapping units, three of which are phytogeographically 
differentiated and arranged from west to east (M12-M14) and one of which (M15) is edaphically 
determined. The western Pontic grass steppes (M12) are characterised by the occurrence of Stipa 
ucrainica and the Pontic(-Mediterranean) species Allium guttatum, Dianthus guttatus, D. lanceo-
latus and Astragalus henningii. Also typical for this region are meadows and fens with Carex 
melanostachya, Beckmannia eruciformis, Eleocharis palustris and E. uniglumis in the pod habi-
tats. In the central Pontic grass steppes (M13), Stipa ucrainica decreases or it is completely ab-
sent; in its place come species with an eastern distribution such as Dianthus leptopeltatus, Aster 
tarbagatensis and Onosma simplicissima. The central Pontic-trans-Volgian grass steppes (M14) 
extend between the Volga and the Urals as well as in an isolated sub-range at the base of the Yer-
geni hills. These steppes are characterised by Arenaria procera and Phlomis puberula in the herb 
layer, and by the almost complete absence of western Pontic species. All 3 mapping units of the 
grass steppes form vegetation complexes on solonetz soils with Festuca valesiaca and halophytic 
Artemisia species. 

The trans-Volgian halophytic grass steppes (M15) are closely interdigitated with unit M14. Here, 
alongside typical xerophilous and hyperxerophilous species of the grass steppes, a substantial 
number of haloxerophytic dwarf sub-shrubs (Artemisia pauciflora, Kochia prostrata, Tanacetum 
achilleifolium) grow on the expansive solonetz soils. 
 
M.2 Desert steppes (Stipa lessingiana, S. sareptana, Festuca valesiaca, Artemisia spp.) 

The desert steppes (M 16-M 21) form the southernmost sub-zone of the steppe region. They rep-
resent the transition zone to the submeridional deserts, and contain a significant proportion of 
xerophytic and hyperxerophytic dwarf sub-shrubs and grasses. 

Xerophilous bunchgrasses such as Stipa lessingiana, S. sareptana, Festuca valesiaca, Agropyron 
cristatum subsp. pectinatum and A. desertorum are the dominant elements of the herb layer. The 



Map of the Natural Vegetation of Europe Formation M 
 

 405  

synusium of xerophytic and haloxerophytic dwarf sub-shrubs consists mainly of Artemisia species 
(A. taurica, A. santonicum, A. lerchiana, A. pauciflora) as well as species of the family Chenopo-
diaceae (Kochia prostrata, Atriplex cana, Anabasis salsa) and Frankeniaceae (Frankenia hir-
suta). 

Ephemerals, ephemeroids and hemi-ephemeroids are well represented in their own synusium. The 
presence of annuals (Eragrostis minor, Polygonum novoascanicum, Polycnemum arvense) is 
characteristic. Lichens occur regularly, as well as mosses such as Tortula ruralis. 

Distribution: Desert steppes occupy a narrow strip in the north of the Crimea (between the rivers 
Dnieper and Molochna) and, in the Caspian lowland, a sickle-shaped arch around the Volga delta 
(from which they are separated by the adjacent deserts) from the Terek up to the Ural River. 

The climate is continental and very dry. The mean annual temperature is 9-10 °C in the west and 
5-10 °C in the east. The mean January temperatures fluctuate between -3 °C in the west (absolute 
minimum -34 °C) and -3 to -13 °C in the east (absolute minimum -40 °C); mean July tempera-
tures are between 23-24 °C in the west (absolute maxima 38-40 °C) and 23-26 °C in the east (ab-
solute maxima 41-43 °C). Mean annual precipitation is (100) 200-400 mm. 

The relief is characterised by flat and gently undulating lowland plains up to 50 m a.s.l. These are 
frequently interrupted by flat, non-draining depressions (pods) and swampy river estuaries (li-
mans). The highest elevations are in the Yergeni hills (to 222 m, M18). In the western Caspian 
lowland on the Caucasus foothills there are extensive areas of drifting sand with a dune relief 
(M17). The soils are mainly salinated light chestnut soils alternating with solonetz soils. In peri-
odically wet depressions (pods), salinated meadow and gley soils can be found. 

The most important elements of the vegetation cover are dwarf sub-shrub-bunchgrass steppe 
communities forming complexes with halophytic dwarf sub-shrub communities on solonetz soils. 
In the northern Caspian region, the solonetz vegetation occupies the largest areas. Small depres-
sions are often covered by pure bunch-grass steppe vegetation (Stipa capillata, Festuca valesiaca) 
without dwarf sub-shrubs but with herbs and shrubs (Spiraea hypericifolia). In deeper and more 
extensive depressions and in limans there are also swampy meadows and marshes. However, for-
ests and scrub are exceptionally rare and restricted to valleys and ravines of the Yergeni hills. 
Woody species such as Quercus robur, Ulmus laevis, Acer tataricum, Crataegus monogyna, Euo-
nymus verrucosa, Rhamnus cathartica, Prunus spinosa and Calophaca wolgarica occur here. 
Where the level of saline groundwater is close to the soil surface, solonchaks have developed with 
halophytic dwarf sub-shrub vegetation (Halocnemum strobilaceum, Salicornia europaea, Ofaiston 
monandrum) and communities of annuals (genera Salsola, Petrosimonia, Suaeda). 

In the Pontic desert steppes the same Stipa species dominate that are encountered in the grass 
steppes. The admixture of Agropyron cristatum subsp. pectinatum, sometimes forming stands, is 
however typical. Besides the bunchgrasses, dwarf sub-shrub synusia of Pontic wormwood species 
are characteristic. The Caspian desert steppes are formed by the typically Kazakh species Stipa 
sareptana; in the codominant synusia of dwarf sub-shrubs, western Kazakh and northern Turanian 
Artemisia species are dominant (Artemisia lerchiana, A. pauciflora). Because of locally and re-
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gionally severe soil salination, halophytic dwarf sub-shrub communities have taken over some 
areas. The number of species in these communities is low (15-20 species), but in the spring many 
ephemerals and ephemeroids are present, and the degree of coverage is then approximately 30 %. 
The dry semi-dormancy period is one to one-and-a-half months longer than in the true steppes. 
 
Division into mapping units 

Six mapping units (M16-M21) are distinguished in the desert steppe region. They are divided 
according to the dominant species and their special edaphic features (namely texture and degree of 
soil salination). 

In the western and central Pontic desert steppes (M16), xerophytic bunchgrasses (Stipa capillata, 
S. lessingiana, Festuca valesiaca, Agropyron pectinatum) are the most important components. 
They are interspersed with xerophytic as well as halophytic dwarf sub-shrubs (Artemisia species, 
Camphorosma monspeliaca, Frankenia hirsuta). The north-western Caspian psammophytic desert 
steppes (M17) are dominated by Stipa anomala, S. capillata and Leymus racemosus, and dis-
tinctly differ from the Pontic sand steppes. They contain Aralo-Caspian and Turanian floristic 
elements such as Eremosparton aphyllum, Agriophyllum squarrosum and Imperata cylindrica. 

The north-western Caspian hemi-halophytic desert steppes (M18) are found in the Yergeni hills 
and their species composition forms the transition from M16 to M19. Both Pontic species such as 
Artemisia taurica and trans-Volgian-Kazakh species (Stipa sareptana, Agropyron desertorum, 
Artemisia lerchiana) are widespread. The northern Caspian desert steppes (M19), by contrast, are 
composed of trans-Volgian-Kazakh species (Stipa sareptana, Agropyron desertorum, Tanacetum 
achilleifolium). Both units (M18, M19) contain complexes with dwarf sub-shrub vegetation on 
solonetz soils. The northern Caspian halophytic desert steppes (M20, M21) change according to 
the degree of soil salination. The first unit (M20) consists of dwarf sub-shrub communities with 
Artemisia lerchiana and Tanacetum achilleifolium, in complex with steppe communities (Agropy-
ron desertorum, Stipa sareptana, Festuca valesiaca). The second unit (M21) is specific to areas of 
the Caspian lowland where the level of saline groundwater is less than 1.5 m below the surface. A 
typical feature here is the complex of Atriplex cana communities (east of the Volga with Anabasis 
salsa communities) on solonchak-solonetz soils. 
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N Oroxerophytic vegetation (thorn-cushion communities, tomillares, mountain 
steppes, in part scrub) 

Marina Ivanišvili, with contributions by Udo Bohn 

Characterisation and typological delimitation; geographical distribution 

Oroxerophytic vegetation is characterised by high ecological specialisation of plant species with 
respect to cold winter temperatures, dry summer conditions, high radiation intensity, wind expo-
sure and the special life forms that have adapted to these conditions, such as thorn-cushion dwarf 
shrubs, dwarf sub-shrubs and small-leaved, sometimes scleromorphic perennial herbs. The tomil-
lares included here are physiognomically and floristically quite clearly distinguished from the 
thorn-cushion vegetation by the dominance of xerophytic dwarf sub-shrubs and perennial herbs as 
well as the absence of thorn-cushion plants. 

Oroxerophytic vegetation occupies the summer-dry oro-Mediterranean belt in the central and 
eastern Mediterranean regions as well as the subalpine-alpine belt in drier areas of the Caucasus 
(see Map 16); only in exceptional cases are lower altitudes colonised where corresponding site 
conditions exist. The formation is distributed from south-eastern Spain (Sierra Nevada, here 
within formation C) across the Mediterranean islands of Corsica, Sardinia, Sicily, the southern 
Apennines and southern Balkans, Crete, Anatolia, Armenia, the Caucasus, and Iran all the way 
over to the Central Asiatic mountain ranges. Their most diverse phytocoenotic variety is revealed 
in western and Central Asia. 

The Astragalus thorn-cushion vegetation occurs locally on peaks of the Sierra Nevada (within 
C34), on Sardinia (Mti. del Gennargentu), in Corsica and Calabria (La Sila), on Sicily at the upper 
slopes of Mt. Etna and in the Madonie Mountains. In the east of the Mediterranean region, Astra-
galus thorn-cushions (and to a lesser extent Acantholimon thorn-cushions) are widespread particu-
larly in the mountain ranges of southern Greece; they are also characteristic for the Ionian islands 
(Cephallenia) and particularly Crete. In the east of Bulgaria, presumably secondary Astragalus 
thorn-cushion vegetation occurs locally in lower mountain localities. In the Caucasus, occurrences 
are concentrated in drier areas on the northern and eastern slopes of the Great Caucasus as well as 
in steppe and desert areas of the Lesser Caucasus. 
 
Stand structure and physiognomy; floristic composition 

The typical thorn-cushion (tragacanth) communities are three-layered and consist of a dwarf shrub 
layer (30-80 cm high), an herb layer rich in dwarf sub-shrubs, and a ground layer with lichens and 
bryophytes. The herb layer can be subdivided into sub-layers of variously high grasses, forbs and 
sedges; in the case of tomillar vegetation, this stratification is less distinct. 

Oroxerophytic vegetation consists of thorn-cushion (tragacanth) communities with predominantly 
low-growing, cushion-forming and often hemispherical thorny and dwarf shrubs (Astragalus spe-
cies of the subgenus Tragacantha, Onobrychis sect. Dendrobrychis, Acantholimon etc.), and more 
rarely thornless dwarf shrub cushions (Gypsophila aretioides) and xerophytic tomillares of the 
family Lamiaceae (Thymus species of the sects. Camptodromi and Marginati, Salvia, Stachys, 
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Scutellaria sect. Lupulinaria, Ajuga). Xerophilous, perennial, and often thorny herbs are also rep-
resented in great numbers as well as dwarf sub-shrubs of the genera Teucrium, Nepeta, Ziziphora, 
Helichrysum, Onosma, Centaurea sect. Phaeopappus, Cousinia, Artemisia, Asperula, Silene, 
Alyssum, Scrophularia and Allochrusa. Geophytes of the genera Allium, Iris, Muscari, Bellevalia 
and Tulipa are also richly represented. In some types of oroxerophytic vegetation, mountain 
steppe and other steppe grasses (species of the genera Elymus sect. Elytrigia, Festuca, Bromus, 
Melica, Trisetum, and Bothriochloa) play an important role. 

Great diversity in both physiognomy and species richness is characteristic for the formation (the 
species pool surpasses 300). The proportion of endemics is very large due to the insular nature of 
the distribution in the higher mountain massifs. The spectrum of plant families approximately 
corresponds to that seen in the Mediterranean region. It is assumed that the majority of plant spe-
cies entered the Mediterranean area during the warm-dry climate in the late Tertiary from the 
Irano-Turanian floristic region and numerous endemics developed later as a result of geographical 
isolation. 
 
Position in the phytosociological system (syntaxa) 

According to the latest phytosociological literature (cf. e.g., RODWELL et al. 2001), the mainly 
endemic thorn-cushion communities are assigned to the following syntaxa: 
 
1) Oroxerophytic and thorn-cushion vegetation of the Mediterranean region 
On siliceous rocks in Corsica and Sardinia (N1) 
Carici caryophylleae-Genistetea salzmannii Klein 1972 corr. E. Pignatti et al. in Pignatti et al. 1980 

Carici caryophylleae-Genistetalia salzmannii Klein 1972 corr. E. Pignatti et al. in Pignatti et al. 1980 
Anthyllion hermanniae (Klein 1972) Gamisans 1977 (5 associations) 
Plantaginion insularis (Gamisans 1968) Pignatti et Nimis 1980 
Festuco-Armerion sardoae (Pignatti et Nimis in Pignatti et al.) Pignatti in Rodwell et al. 2001 (2 associa-
tions) 

On volcanic siliceous rocks in Sicily (Etna) (N2) 
Rumici-Astragaletea siculi E. Pignatti et al. in E. Pignatti et al. 1980 

Rumici-Astragaletalia siculi E. Pignatti et al. in E. Pignatti et al. 1980 
Rumici-Astragalion siculi Poli 1965 (2 associations) 

On base-rich or carbonate rock in Greece (N4) 
Cushion heaths and calcareous grasslands 

Daphno-Festucetea Quézel 1964 
Daphno-Festucetalia Quézel 1964 

Astragalo-Seslerion Quézel 1964 
Scutellarietalia hirtae Zaffran 1990 (oromediterranean calcareous vegetation on Crete) 

Verbascion spinosi Zaffran 1990 (on limestone) 
Scutellarion hirtae Zaffran 1990 (on limestone rubble) 
Campanulion jacquinii Zaffran 1990 (on limestone rock outcrops) 

Oroxerophytic scree areas on base-rich rocks 
Thlaspietea rotundifolii Br.-Bl. 1948 (Drypetea spinosae Quézel 1964) 

Drypidetalia spinosae Quézel 1964 
Silenion caesiae Quézel 1964 (on limestone rubble) 
Campanulion hawkinsianae Quézel 1967 (on serpentine rubble) 

2) Oroxerophytic thorn-cushion vegetation of the Caucasus region and eastern Anatolia  
Thorn-cushion vegetation on siliceous rocks in the Caucasus (N5-N8) 
Not yet worked out syntaxonomically, possibly belonging to the widespread Anatolian class Astragalo-Brometea 
Quézel 1973. 
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Macroclimatic factors 

The climate in the domain of the oroxerophytic vegetation is determined by the altitude and the 
degree of Mediterranean or continental influence. Typical characteristics include relatively low 
annual precipitation, cold winters with snow cover, and warm, dry summers with strong solar 
radiation and a moisture deficit. The mean annual temperature varies depending on altitude be-
tween 5-10 °C in the west (Mediterranean region) and (6) 9-13 °C in the east (Caucasus region). 
Correspondingly, the average temperatures in July lie between (8) 12-15 °C in the west and (16) 
20-25 °C in the east, while the January averages vary in the west between -1 and -7 °C, and in the 
east between -3 and -7 °C. There are clear differences in the mean annual precipitation. While 
annual precipitation in mountain localities in the Mediterranean region is approx. 1000-1500 mm, 
the precipitation in the Caucasus region is only between 300-500 (800) mm. A summer drought 
period is especially characteristic for the oroxerophytic vegetation, which in the west lasts at least 
3 months, and in the east 4-5 months. For the oro-Mediterranean belt in the west, a 3-5 month 
long snow coverage is typical over the winter. The development of dense thorn-cushion vegeta-
tion represents an adaptation to drier climates whereby a more effective condensation of humidity 
is accomplished in addition to protection against both solar radiation and excessive moisture loss 
through evaporation. 
 
Site conditions 

The habitats of oroxerophytic vegetation are rocky slopes and rock outcrops as well as plateaux 
and mountain tops with highly skeletal, sometimes also marly soils. Shallow and poorly devel-
oped mountain soils of siliceous and carbonate rocks predominate (ranker, rendzinas or Lepto-
sols). In certain regions base-rich igneous rocks may form the predominant parent material (Sic-
ily, Caucasus). At lower altitudes of the Caucasus, even brown earths (Cambisols) and chestnut 
coloured steppe soils (Kastanozems) can be developed. 
 
Role in structuring the landscape 

Oroxerophytic vegetation is principally developed in winter-cold and summer-dry high mountain 
localities above the forest line in the Mediterranean region (e.g. Etna, the Peloponnese, Crete) and 
in dry valleys and mountain steppe areas of the Caucasus. It is correspondingly a component of 
most varied vegetation complexes and depending on location can have very different contact 
communities. At lower altitudes these are usually xerophytic montane broadleaved or coniferous 
forests, while in the Caucasus, forest and mountain steppes, xerophytic scrub and open woodland, 
as well as dwarf sub-shrub deserts can serve as adjacent communities. 

Lower elevation occurrences in the Mediterranean region (N1, Sardinia), the eastern Balkans (N3) 
and eastern Transcaucasia (N6) may in fact be secondary communities that arose after forest 
clearing and centuries-long pasturing on sites previously occupied by xerothermic broadleaved 
and coniferous as well as steppe forests and scrub. In these, xerophytic tree and shrub species (e.g. 
‘schibljak’) as well as steppe elements belong to the natural species inventory. 
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State of preservation, land use, substitute communities; nature conservation 

Agricultural utilisation has been for the most part restricted to more or less intensive sheep and 
goat grazing. This has resulted in the furthering of armed and aromatic dwarf shrubs and sub-
shrubs as well as scleromorphous bunchgrasses. Due to pasturing and grazing, down-slope 
neighbouring mountain forests (e.g. Abies cephalonica forests in Greece) have been converted 
into secondary thorn-cushion communities. The same also applies to the neighbouring grass 
steppes and hemixerophytic broadleaved forests and scrub in the Caucasus. 

In the Mediterranean area, tourism and winter sports locally provide a further threat to the natural 
and semi-natural vegetation. In order to maintain these vegetation types with their numerous en-
demic species, larger areas need to be integrated into conservation areas (e.g. national parks, bio-
sphere reserves). Where secondary occurrences appear, it may be of benefit to allow the continua-
tion of extensive grazing/pasturing to facilitate long-term maintenance of the vegetation. 
 
Classification into subunits 

The mapping units of the formation N exhibit very different vegetation complexes and species 
combinations depending on regional and site conditions. Due to the high species richness as well 
as the large number of regional and local endemics (often changing from massif to massif), even 
the individual mapping units themselves can be quite heterogeneous. Often the only common de-
nominators are structural features, similarities at the level of genus and individual species in 
common between areas. The mapping units can be assigned to two groups according to geo-
graphic location, floristic region and habitat, namely the oro-Mediterranean group (N1, N2, N4) 
and the Caucasian group (N5-N8). The Thracian unit (N3), however, is an exception: it fits into 
this grouping neither with respect to the range of altitudes it occupies (lower mountains) nor to its 
‘naturalness’ (presumably it is a substitute community for subcontinental thermophilous oak for-
ests). 

The mapping units in the M e d i t e r r a n e a n  r e g i o n denote in each case the highest moun-
tainous locations above the natural or current forest lines of Corsica, Sardinia (N1), Sicily (N2), 
southern Greece and Crete (N4). 

Parent material (both silicate and carbonate), relief and habitat mosaics vary greatly in the differ-
ent mountain ranges so that their vegetation complexes can also differ considerably from one an-
other. In addition to the thorn-cushion communities and tomillares that form the zonal vegetation, 
rock crevice communities, scree communities and grassland communities are also frequent. Aside 
from a number of widespread species that they have in common, all the mountain ranges can be 
distinguished from one another by a variety of specific endemic species and in part even endemic 
communities. 

Down-slope adjacent communities on Corsica include beech and pine forests (F145), on Sardinia 
supra-Mediterranean thermophilous oak forests (G43) and in Greece beech and pine forests 
(F148, K31). The areas that are the anthropozoogenically most strongly influenced and indeed 
furthered (with respect to the amount of area they cover) are probably those on Corsica and Sar-
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dinia, where they may also take over potential forest sites (distribution at altitudes between 1200 
and 2200 m). The same applies to the occurrences of this vegetation type in Bulgaria. 

In the C a u c a s u s ,  thorn-cushion vegetation is concentrated, not on the highest mountain peaks, 
but instead in the dry mountain valleys and slopes in the rain shadows of the high mountain mas-
sifs. They are distributed in the north- and east-orientated valleys of the Great Caucasus (N5) and 
on certain sites in dry areas of Transcaucasia (N6-N8). Many of these occurrences may have been 
derived from other vegetation types (steppe and xerothermic scrub, grass steppes) after centuries 
of human utilisation and pasturing. 

All mapping units are characterised by enormous floristic diversity and can be distinguished by 
their geographical location, vegetation mosaics and local endemics. The Astragalus thorn-cushion 
communities are the most widespread in the Caucasus, while the Onobrychis communities are less 
frequent and mainly restricted to carbonate rock. Acantholimon communities occur in complexes 
with the above mentioned types, where the species of this genus play an important role as co-
dominant species. Tomillares are encountered only as fragments within the range of the oroxero-
phytic vegetation and occur most frequently in dry basins on the Araks River. 

In the Caucasus, oroxerophytic vegetation is encountered from the foothills and lower to the high 
mountains. Its main range lies in a zone between 1000 and 1500 m. In the foothills it occurs to-
gether with open juniper woods (Dagestan, the Iori-Šeki upland, on Mount Urcs), while in low 
mountain ranges (central Karabakh) it is found in combination with oak and oak-hornbeam for-
ests. At its upper distribution limit (Dagestan, eastern Caucasus, Armenia, Talish Mountains) it 
forms complexes with mountain steppe communities (mapping unit M11). 

The typical habitats are rocky slopes and outcrops with highly skeletal, in part poorly developed 
mountain soils on limestones, marls and slates. 

The oroxerophytic vegetation (N7) is extremely diverse in the Khosrov nature reserve in Armenia 
east of Yerevan, where it extends from the foothills to the high mountains. Tomillares with Thy-
mus kotschyanus, Salvia hydrangea, Stachys inflata and other species are typical for the hill coun-
try in this area. At elevations of 1600-2400 m, various thorn-cushion-communities are encoun-
tered: at the lower altitudes Astragalus communities are predominant (with Astragalus micro-
cephalus, A. aureus, A. strictifolius, A. lagopoides and A. uraniolimneus), while at their upper 
boundary they are replaced by Onobrychis cornuta communities with Acantholimon species. 
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O Deserts  

Irina Safronova (revised version of July 2003) 

Geographical distribution; characterisation and typological delimitation 

The formation of the deserts (O) occurs in Europe only at its south-eastern edge in the Caspian 
Lowland from the Kuma River up to the Ural River and in the eastern Transcaucasus in the Kura-
Araks lowland (see Map 16). It is the westernmost part of the huge temperate desert zone extend-
ing eastward over almost 3000 km from the Yergeni hills up to the Djungarskij Alatau and Tar-
bagataj Mountains on the Kazakh-Chinese border and southward over 1200 km from the bound-
ary of the Eurasian steppe zone to the Central Asian Kopet-Dag, Pamir-Alay and Tian-Shan (Tjan 
Šan) Mountains along the northern borders of Iran, Afghanistan and China. These desert areas 
form part of the Irano-Turanian sub-region of the Sahara-Gobi Desert Region. 

On the plains of the Irano-Turanian sub-region one can distinguish three subzones, namely the 
northern, middle and southern deserts, according to the dominant species, community structures, 
seasonal rhythm of vegetation development, and ecology.  

The desert vegetation in all subzones of the Irano-Turanian sub-region encompasses communities 
with predominantly xerophilous, hyperxerophilous and moderately thermophilous plants of vari-
ous growth forms (dwarf sub-shrubs, sub-shrubs, shrubs, perennial herbs and grasses, annuals, 
bryophytes and lichens). Of these, the dwarf sub-shrubs dominate, especially Artemisia species of 
the subgenus Seriphidium, as well as Chenopodiaceae (Anabasis, Salsola etc.). Shrubs and sub-
shrubs are also important (species of the genera Astragalus, Atraphaxis, Calligonum, Ephedra, 
Haloxylon and Salsola). Ephemeroids and hemi-ephemeroids (perennial herbs and grasses with a 
short growing season belonging to the genera Allium, Eremurus, Ferula, Rheum, Tulipa, Carex, 
Poa etc.) are often abundant in the composition of desert communities, as well as annuals with a 
summer-autumn growing season (Halogeton, Petrosimonia, Salsola, Suaeda species etc.) and 
ephemerals with a spring growing season (species of the genera Alyssum, Bromus, Eremopyrum, 
Koelpinia, Tetracme, Veronica etc.). Perennial herbs such as Centaurea, Cousinia, Gypsophila, 
Inula, Jurinea, and Silene species are less characteristic. 

Bryophytes, lichens and algae play a subordinate role, with the exception of the moss Tortula 
caninervis, which is locally abundant in sandy deserts. 

The climatic features of the desert region contribute to the development of a typical desert relief 
with well-pronounced erosion and aeolian processes. Under arid climatic conditions, the relief and 
the rock types play an increased role in soil formation. Two soil types predominate in the plains of 
the Turanian deserts. These are brown desert soils in the northern subzone and grey-brown soils in 
the middle and southern subzones. They are characterised by low humus content and significant 
carbonate and hypsum content. Grey soils are found in the foothills of the eastern Transcaucasus. 

Vegetation reacts sensitively to environmental changes, especially to changes in the soil. At least 
six edaphic variants of communities each with differing vegetation structure are distinguished 
according to their soil textures. 
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Pelitophytic dwarf sub-shrub deserts (on clay and loam soils) contain very few species. Often 
only one perennial species predominates, accompanied by 1-3 other species. Annuals are always 
present, but their proportions depend on the prevailing moisture conditions. 

Hemipsammophytic communities (on loamy sandy soils) support more species. They differ in 
the specific synusia of grasses (on non- or weakly saline soils) or dwarf sub-shrubs (on sites with 
stronger soil salination). 

On sandy soils one finds psammophytic (dwarf sub-shrub, sub-shrub or shrub) communities with 
grasses (Stipa species, Agropyron fragile), the psammophilous sedge Carex physodes (absent in 
the northern subzone), and herbaceous plants (annuals or perennials) specific to sandy soils. The 
species number in such phytocoenoses is considerably higher (30-40). 

Hemipetrophytic deserts are associated with rocky soils of varying texture. Perennial and 
ephemeral grasses as well as perennial herbs are typical for these communities. 

Petrophytic desert communities have the most varied structure. Different synusia consisting of 
shrubs, sub-shrubs, dwarf sub-shrubs, grasses and annuals occur side by side (sometimes 60-70 
species). Their composition depends on the kind of rocks and their age. 

Halophytic deserts on solonchaks are characterised by very salt-tolerant species, especially suc-
culent perennial halophytes (Halocnemum strobilaceum, Kalidium, Salsola, Suaeda spp.). 

The European deserts consist of the northern dwarf sub-shrub deserts in the plains of the Caspian 
Lowland (O1-O4), and the southern dwarf sub-shrub deserts with ephemeroids (O5-O10) in the 
foothills of the eastern Transcaucasus. 
 
O.1 Northern lowland dwarf sub-shrub deserts 

Stand structure and physiognomy; floristic composition 

The European deserts of the Caspian Lowland are rather monotonous and characterised by the 
predominance of wormwood communities. Three species of wormwood are dominant: the north-
western Turanian Artemisia lerchiana, the Kazakh-northern Turanian A. pauciflora and the 
Pontic-northern Turanian A. arenaria. The ranges of these three species take in both the southern 
part of the steppe and the northern part of the desert zones. Communities with Artemisia lerchiana 
are widespread in the Caspian Lowland under various site conditions. Artemisia pauciflora 
communities are restricted to solonetz soils. Phytocoenoses with Artemisia arenaria develop on 
moving sands. 

Species-poor communities with just 10-15 species predominate. The number of species may in-
crease to 30-40 on sands. The cover of the field layer in desert plant communities is low (average 
cover of 40 %, maximum 45 %, minimum 2-3 %.). However, the subterranean plant parts form a 
more or less closed network of roots and runners. In moist springs, during which annual plants can 
develop in large quantities, the cover can sometimes reach 80-90%. 

A total of about 700 vascular species have been noted in the northern Caspian deserts between the 
Kuma and Ural Rivers. These are not only desert plants but also steppe psammophytes and plants 
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that grow on the banks and in the water of the rivers. The low species diversity is due to the young 
age of this region, which was subjected to numerous transgressions of the Caspian Sea at the end 
of the Tertiary and the beginning of the Quaternary. 
 
Position in the phytosociological system (syntaxa) 

According to the Russian classification system, the zonal vegetation can be assigned to various 
communities, usually dominated by wormwood species (e.g. Artemisia lerchiana, A. arenaria, 
A. pauciflora) and named after dominant or co-dominant species. 

According to the European Vegetation Survey published by RODWELL et. al. (2001), the zonal 
vegetation of the region under consideration can be referred to the class Artemisietea lerchianae 
Golub 1994 em. Mucina 1997. The inland halophytic scrub belong to the order Tamaricetalia 
ramosissimae Golub et Kuzmina 1996. 
 
Macroclimatic factors 

The climate of the winter-cold deserts of the submeridional zone is characterised by pronounced 
aridity and continentality. This is expressed in the low precipitation (50-250 mm), the strong 
evaporation, which is ten times greater than the annual precipitation, the marked dryness during 
the vegetation period, the high summer temperatures (mean July temperature 24-27 °C) and the 
cold winters (mean January temperature -15 °C) with thin snow cover. The mean annual tempera-
ture is only 3-5 °C owing largely to low winter temperatures. The precipitation is distributed more 
or less evenly over the year. 
 
Site conditions and vegetation types 

Geologically, the Caspian Lowland is characterised by marine deposits from the Quaternary 
transgressions of the Caspian Sea. It has a soft undulating relief with numerous depressions, li-
mans and sors. South-west of the Volga River up to the Yergeni hills, flat plains with loamy and 
sandy loamy soils predominate. Near to the Volga delta ridges, so-called ‘Ber's mounds’ are char-
acteristic. They are 10 or more metres high, 25 km long, 200-300 m wide and composed of sands 
and clays. The greater part of the interfluve between the Volga and Ural Rivers is a sand plain 
with barkhan relief. 

Loamy sands and sandy brown desert soils prevail in the European part of the Caspian Lowland 
desert. Large areas are also occupied by solonetz soils and solonchaks. 

In the European part of the Caspian Lowland psammophytic desert types occupy vast areas. They 
comprise several types of communities, including some with Calligonum aphyllum, Tamarix 
ramosissima and T. laxa on mobile barkhan sands, Artemisia arenaria communities on weakly 
stable dune sands and A. lerchiana communities on stable plain sands. 

Pelitophytic and hemipsammophytic desert types with Artemisia lerchiana are less widespread. 
They tend to develop spatial mosaic complexes caused by differences in water supply. Within 
such complexes, the communities regularly and repeatedly alternate across what is an otherwise 
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genetically homogeneous landscape. A total of two to four such mosaic components (communi-
ties) are involved. 

Hemipetrophytic and petrophytic communities cover only a very small area of the Caspian Low-
land, so that they are not outlined at the small scale of the map.  

Halophytic deserts on solonchaks with perennial and annual saltworts (Halocnemum strobi-
laceum, Kalidium caspicum, Salsola dendroides, Suaeda physophora etc.) are characteristic of the 
coast of the Caspian Sea. They also occupy the margins of sors in sand massifs. 
 
Role in structuring the landscape 

In the northern deserts of the Caspian Lowland the landscapes are composed of barkhans, sors and 
flat plains. The vegetation of barkhans consists of wormwood communities with Artemisia 
arenaria and A. lerchiana; locally these dwarf sub-shrubs occur in combination with shrubs. Sors 
are very characteristic for sand massifs. They are quite noticeable between barkhans owing to 
their white surface and lack of vegetation. The vegetation on solonchaks is restricted to their 
edges. Plain landscapes with non-saline soils are monotonous and monochrome (blue-grey colour) 
owing to the communities dominated by Artemisia lerchiana, while on saline soils they are multi-
coloured (polychromatic) because of the greater complexity of the vegetation (wormwood com-
munities with different species, including the dark green Artemisia pauciflora). 

Halophytic communities (P31) and reed banks (R1, R3) are distributed along the Caspian Sea 
coast. The Kuma, Volga, Akhtuba and Ural Rivers that run through the desert are accompanied by 
floodplain vegetation (hard- and softwood alluvial forests, willow scrub, reed banks and wet 
meadows, cf. U14, U42). 
 
State of preservation, land use, substitute communities; nature conservation 

The European deserts of the Caspian Lowland have traditionally been grazed by sheep, camels, 
cattle and horses. The intensity of grazing varies regionally and is high especially around farms 
and settlements so that it has often led to the destruction of the natural vegetation as well as to the 
formation of open sand areas. Along rivers, irrigated fields have been laid out for cereal, melon 
and vegetable cultivation. However, because of soil salination and the high energy costs associ-
ated with this practice, this form of agricultural use has largely been discontinued. In local areas, 
drought-resistant woody plants have been planted, particularly Ulmus pumila, Calligonum aphyl-
lum, Krascheninnikovia ceratoides, Elaeagnus angustifolia, Tamarix ramosissima and T. laxa. 

A nature reserve primarily serving for the protection of wild animals (Saiga antelopes) exists in 
the Caspian desert region near Tavu-Gašun. The protected areas are also grazed over in places. 
 
Classification into subunits 

The vegetation of the European northern deserts in the Caspian Lowland is rather monotonous. It 
is characterised by the predominance of wormwood communities with prevalence of Artemisia 
lerchiana. This species also plays an important role in the vegetation cover of the southernmost 
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steppe subzone (cf. formation M.2). The majority of the range of Artemisia pauciflora is located 
in the steppe zone. Within the desert zone it is restricted to the northern subzone. This wormwood 
species usually forms communities on soils with high salt content, mostly on solonetz soils. Ar-
temisia arenaria is by contrast confined to sandy sites in the subzones of the northern and middle 
deserts, but it also extends into the southern steppe subzone. 

Four edaphic variants of the northern dwarf sub-shrub deserts are depicted on the vegetation map. 
These are the pelitophytic vegetation variant on clayey and loamy soils, the hemipsammophytic 
variant on loamy sand, the psammophytic variant on sand, and the halophytic variant on solon-
chaks. 

In the European part of the Caspian Lowland, hemipsammophytic and psammophytic variants 
(O4-O6) prevail with respect to the amount of area they cover. They include phytocoenoses of the 
wormwood species Artemisia arenaria and A. lerchiana, as well as shrub communities (Calli-
gonum aphyllum, Tamarix ramosissima, T. laxa). It is interesting to note that in the Caspian Low-
land only one of the Turanian species of Calligonum occurs, i.e. Calligonum aphyllum, whereas 
on sands of Central Asia and Kazakhstan ca. 70 species of this genus are encountered. 

Pelitophytic and hemipsammophytic desert types with Artemisia lerchiana occupy much smaller 
areas than psammophytic types. They are widespread partly on the Volga-Ural interfluve and 
along the edge of the southern steppe subzone. Usually they have complex structure caused by 
microrelief-mediated uneven water distribution. They are indicated in the mapping units accord-
ing to their abundance and combination (e.g. O1bc). 
 
O.2 Southern lowland-colline dwarf sub-shrub deserts with ephemeroids 

The deserts of the eastern Transcaucasus are distributed on the mountain foothills and are charac-
terised by pronounced synusia of ephemeroids. These benefit from the increased precipitation 
owing to the moisture-intercepting function of the mountain ranges. 

These types are characteristic for the Kura-Araks province of the Irano-Turanian sub-region of the 
Sahara-Gobi desert region. They differ from Turanian deserts in the absence of the genus Haloxy-
lon, some genera of saltworts and some other genera. 

The eastern Transcaucasian deserts are distributed over the Kura-Araks lowland, and extend along 
the Araks River valley far into the southern Transcaucasus. The south-eastern part of this lowland 
is a terraced alluvial plain extending down to as low as 28 m below sea level. Its higher north-
western part rises up to 250 m above sea level and forms a loamy, inclined plain with many dried-
out river beds. The climate is warm and dry with mild winters and very warm summers and a 
mean annual precipitation of 200-300 mm. Grey desert soils are the dominant soil types, while 
solonchaks predominate in the coastal areas.  

As in the Caspian Lowland, wormwood communities dominate the vegetation cover, but with 
different dominant species. The most important among them is the Turanian species Artemisia 
fragrans (e.g. O7). The eastern Transcaucasian endemic species Artemisia szowitziana is locally 
dominant in the Kura valley on solonchaks.  
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Communities of dwarf sub-shrub saltworts also play a significant role in the vegetation cover. 
These are the Iranian-Turanian species Salsola dendroides (O9), and the western Iranian-
Transcaucasian species Salsola ericoides and S. nodulosa (O8). Ephemeroids such as the western 
Mediterranean Poa bulbosa and the Kazakh-Turanian Catabrosella humilis are regular compo-
nents of the southern desert communities. 

Very saline locations are included in mapping unit P36. Along the rivers, especially the Kura and 
Araks, floodplain forests (U22) exist either as hardwood or softwood floodplain vegetation. 
Thorn-cushion vegetation (M11, N6, N7) and dry scrub form the transitional vegetation to less 
arid areas. 
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P Coastal vegetation and inland halophytic vegetation 

Christoph Hettwer, with contributions by Ofelia-Doina Ivan (Pannonian to Pontic-Caspian region) 

Characterisation and typological delimitation; geographical distribution 

Coastal vegetation is formed by the dynamic processes of alluvial sedimentation and the removal 
of loose sediments along the seacoasts, as well as by the normally regular flooding that occurs in 
harmony with the rising and ebbing of tidal waters. Strong winds, salt spray and especially the 
salinity of the substrate are also very influential habitat factors. Because of these extreme ecologi-
cal conditions, climatic differences within the range of the dune and halophytic vegetation are of 
secondary importance in determining the flora. Furthermore, the vegetation in the holarctic region 
has a similar composition the world over. The adaptation of plants to the salinity of the soils de-
termines the occurrence of numerous halophytes. 

Due to its variable and complex relief, Europe has a long coastline. The transitional region be-
tween the sea and the land may be developed as mud flats, dunes, or gravelly, stony (pebbly) or 
rocky coasts depending on geomorphological conditions. Formation P encompasses the vegetation 
of sand-dune and flat coasts that colonise saline habitats. They occur in the areas illustrated on 
Maps 17 and 18 over great expanses, but they also appear in other regions within areas too small 
to be mapped (e.g. the Norwegian coast, northern Spain). The rock ledge and rock crevice com-
munities exposed to salt spray at rocky coasts have not been assigned to formation P, but instead 
are considered as components of formation E due to their occurrence in spatial complexes with 
the Atlantic dwarf shrub coastal heaths. 

Special geological, hydrological, edaphic and climatic conditions allow salty locations also to 
exist inland, i.e. away from the seacoasts, that are colonised by a special halophytic flora and 
which have been mapped as inland halophytic vegetation. Their distribution strongholds are 
within the Pannonian region, in Romania, in the Pontic region and particularly in the surroundings 
of the Caspian Sea. 

The coasts are subject to extensive morphological change. Sedimentation and erosion continually 
transform the surface, so that highly variable habitat conditions can prevail through both space 
and time. Pivotal factors include tidal range, wave impact, salinity, current and wind. At the coasts 
of the North sea the tidal range varies between 0.5 and 5 m, and can even reach 8 m in the funnel-
shaped estuaries opening on the Atlantic (Bristol channel). In the Kattegat of the Baltic Sea, how-
ever, it amounts to only 30-40 cm. Further to the east there are only tide-independent variations of 
water level due to the effects of wind action. The Mediterranean also has only a small tidal range 
since for the most part it represents a closed body of water. 

In marine areas, only the vegetation of dunes and salt marshes has been considered. The sublitto-
ral habitats have been largely excluded (i.e. algae communities, eelgrass swards with Zostera spe-
cies and Posidonia spp.). 
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Stand structure and physiognomy 

Coastal vegetation is characterised by an open stand structure and a volatile dynamic. It is usually 
one or two layered, but in later stages of development shrub and tree layers can also be added at 
more terrestrial sites. Scattered pioneer communities play an important role with a low number of 
species. The growth sites are often reshaped and their development disrupted by sea currents, 
breakers and winds. As a result, a mosaic develops that consists of different succession stages 
over short distances. 

The spectrum of lifeforms in the European coastal vegetation is dominated by hemicryptophytes 
and therophytes. Chamaephytes, (rhizome) geophytes and helo-hydrophytes usually participate 
only during later stages of development, or play only a subordinate role. 

Halophytes, psammophytes and marsh plants dominate in the ecological spectrum, so almost all 
are highly specialised plant species. These are adapted to the special conditions of the coastal 
dunes (continuous sand displacement by wind, low nutrient content, local salt accumulation, 
sometimes large variations in moisture and heat) or the mud flats (enriched in organic material 
and carbonate, halophytic, submergence and re-exposure to the rhythm of the tidal waters). As 
such, many species feature wide- (Ammophila arenaria) or deep-reaching (Eryngium maritimum) 
root systems. In order to decrease transpiration, plants may roll up their leaves (Ammophila 
arenaria), possess a dense hair covering (Otanthus maritimus), or be succulent (Salicornia eu-
ropaea). 
 
Floristic composition  

As in many extreme habitats, only relatively few vascular plant species thrive at the sea coasts, 
but when they do they tend to be very abundant. The flora consists of representatives of numerous 
families. The Chenopodiaceae with its genera Salsola, Suaeda, Atriplex, Salicornia, Arthrocne-
mum, and Anabasis feature many halophytic taxa. Sometimes the genera include both annual and 
perennial species (Suaeda maritima – S. vera). Other important vascular plant families with salt-
tolerant taxa include the Frankeniaceae with the genus Frankenia (6 species), the Zygophyllaceae 
with the genus Zygophyllum, and the Plumbaginaceae with the genera Limonium, Armeria and 
Limoniastrum. There are also salt-tolerant grasses of the genera Puccinellia, Elymus, Spartina and 
Parapholis, and the families of the Cyperaceae and the Juncaceae. While halophytes are ex-
tremely rare amongst the ferns, the moss genera Pottia and Bryum contain some halophytic spe-
cies. 

In sand dunes, halophytic species play a dominating role only in the pioneer ecological stages, 
since later on they are replaced by psammophytes. Amongst the grasses, there are species adapted 
to the low water storage capacity of the sand (Ammophila arenaria, x Calammophila baltica, Fes-
tuca rubra subsp. arenaria, Corynephorus canescens). 
 



Formation P Map of the Natural Vegetation of Europe 
 

420  

Position in the phytosociological system (syntaxa) 

The plant communities of the coastal vegetation are assigned to a number of classes. Communities 
of the globally distributed class Cakiletea maritimae Tx. et Preising ex Br.-Bl. et Tx. 1952 colo-
nise in the area of driftlines of sandy and gravel shorelines and contain numerous nitrophilous 
summer-green therophytes. The class Ammophiletea Br.-Bl. et Tx. ex Westhoff et al. 1946 with 
rhizomatous grasses and sedges as well as dwarf shrubs characterises the coastal dunes. Most bo-
reo-Atlantically distributed communities with perennial species of salt- and nitrogen-rich sites of 
young dunes, gravely and rocky coasts belong to the class Honckenyo-Elymetea Tx. 1966. 

The vegetation of salt marshes is usually divided into several classes, depending on zonation and 
the duration of submergence: the Thero-Salicornietea Tx. in Tx. et Oberd. 1958 encompasses the 
annual pioneer communities with Salicornia, Suaeda and other halo-nitrophilous species of the 
tidal mudflat coasts. Sometimes the pioneer vegetation is also formed from perennial cord-grass 
vegetation of the Spartinetea maritimae Tx in Beeftink 1962 which also colonise a zone around 
the middle tidal flood-zone in the mudflats. With ongoing mud deposition, perennial salt marshes 
and salt meadows of the class Juncetea maritimi Br.-Bl in Br.-Bl. et al. 1952 succeed, that are 
submerged only by breaking tidewaters or storm-tides originating from the sea. Open or disrupted 
habitats with varying salinity or moisture levels are occupied by Saginetea communities (Sagi-
netea maritimae Westhoff et al. 1962). The class Salicornietea fruticosae Br.-Bl. et Tx. ex A. de 
Bolòs et Vayreda 1950, characterised by perennial halophytes, can be taken as a Mediterranean 
and continental counterpart to the Thero-Salicornietea. The natural vegetation of coastal areas 
away from the sea consists of heaths, dry grassland, scrub and forests of the corresponding 
classes. In brackish water zones, tall reed vegetation occurs. Inland halophytic vegetation is also 
included in the class Salicornietea fruticosae. 
 
Macroclimatic factors 

Consistent with the azonal character of the coastal vegetation and its wide range in Europe (from 
the arctic to the meridional zone), the mean annual temperature varies between -2 °C in the arctic 
to 19 °C in the Mediterranean; the annual precipitation in the north-west reaches 2000 mm, while 
in the south-west (Almeria in south-east Spain) and south-east (at the Caspian Sea) it reaches only 
200 mm. On the Atlantic coast of Norway, the Gulf Stream has a moderating effect on the mari-
time climate. 
 
Site conditions 

The soils are only poorly differentiated because of their usually short development time. As a rule 
they consist of sediments of allochthonous sands, silts and clays. Regionally, autochthonous mate-
rials may also be involved in soil development (e.g. as a consequence of isostatic land uplift). 

Oligotrophic sand soils (arenosols, regosols) with a variably developed humus layer dominate in 
the dune landscapes. The mud flat soils are semi-subhydric soils, while the marshes influenced by 
the tidewaters are semi-terrestrial soils and are categorised as fluvisols (FAO system). Concerning 
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their horizonation, they resemble gleysols. Solonchaks and solonetz soils are characteristic for 
(sub)continental inland salty habitats. 
 
Role in structuring the landscape 

The coasts with their site-specific vegetation represent impressive landscapes that are still in a 
near-natural state in many areas. Often these are expansive open sites which towards the land inte-
rior become replaced by various zonal forest communities: boreal birch and coniferous forests in 
the north, temperate deciduous forests in the north and west, meridional sclerophyllous forests in 
the south. 
 
State of preservation, land use, substitute communities; nature conservation 

Dunes, together with wetlands, number amongst the habitats that are subjected to the greatest 
destructive pressure at the hands of man. Land stabilisation, plantation, development, extraction of 
raw materials and bathing are the main reasons underlying the increased destruction over the last 
decades. It is estimated that more than 75 % of Mediterranean dune sites were destroyed over the 
last century. The Atlantic coastal areas have suffered less, but nevertheless more than a third of 
these dunes were destroyed or irreversibly altered during the last decades of the 20th century. The 
traditional use of dune landscapes was for extensive grazing that continued in many Atlantic 
dunes to the 1950s and 60s, and which determined the structure and flora of the dunes on their 
landward sides. Exploitation of dunes has caused far-reaching and irreparable damage in numer-
ous European dune systems (Netherlands, Cotentin, mid-western France, Portugal etc.). In certain 
areas, the surfaces are used for drying seaweed for processing in agriculture and industry (algi-
nates). Somewhat minor forms of sand-dune usage include plant collection (Marasmius, 
Eryngium) and rabbit hunting. 

The demand for raw materials for the construction industry has increased greatly, and particularly 
that for sand and gravel. Whereas in former times these raw materials were excavated mainly 
from inland sand/gravel pits, coastal sand formations are now being exploited on a major scale. 
This excessive exploitation has already led to the destruction of entire dune formations both as a 
direct result of excavations and indirectly due to subsequent storm damage, so that deeper lying 
regions are now threatened by flooding (as in Picardy, Baie d'Audierne etc.). Deposits of pure 
quartz sands are also threatened by excavation for the silicon industry (e.g. Dungeness in Kent). 

Dunes and beaches are summer tourist attractions particularly in the Mediterranean. This has led 
to the destruction of habitats by trampling, uncontrolled camping and car parking; the establish-
ment of motocross runs and the illegal conversion of dune systems for the bathing industry (flat-
tening of dunes for beach extension, cleansing of beaches and removal of wrack line vegetation) 
represent further threats. The construction of settlements near to beaches has also led to a major 
reduction in coastal habitats. Thus coastal and dune vegetation is ever more threatened by the 
colonisation of coastal strips as well as by exposure to sewage contamination of differing origin. 
Further deterioration of coastal habitats results from the often catastrophic oil pollution that arises 
from oil tanker accidents. 
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Forest plantations also endanger the natural dune vegetation and dynamic; in the Mediterranean, 
non-indigenous species such as Acacia saligna or Myoporum tenuifolium are grown alongside 
Pinus pinea. As a result of such measures expansive dune systems have been damaged and the 
growing areas of rare, endangered or even endemic dune plants have been destroyed. 

Neophytes present a further problem. Thus the Hottentot fig Carpobrotus edulis var. rubescens 
introduced from South Africa has already colonised large areas on the coasts of the Mediterra-
nean. Studies on species diversity have shown that stands without Carpobrotus have twice the 
number of species as stands where this species has invaded (MAYER 1995). 

Salt marshes have been used for centuries as grazing grounds and partly also for hay production. 
Grazing by sheep often affects species diversity and soil stability in a favourable way. The vegeta-
tion is kept short, so that the occurrence of low, heliophilous species is facilitated and the stability 
of the soil against the effects of erosion is increased. However, intensive grazing leads to a fall in 
species number. Further sources of destruction include land reclamation and dyke construction, as 
a result of which large areas of mud flats have now been transformed into arable land. Coastal 
wetlands and salt marshes in the Mediterranean number amongst the most endangered of all habi-
tats: they are threatened particularly by dyking to reclaim land for industrial or (after ameliora-
tion) agricultural use and by the construction of saltworks. 

Coastal regions with mud flat areas, marshes and dunes form the natural habitats for many en-
demic species. They also serve as feeding, breeding and resting grounds for numerous bird spe-
cies, including many migrants from northern regions. The coastal landscape with its vegetation is 
therefore of special importance for nature conservation both at a regional and a European level. 

Designated coastal nature reserves and areas valuable for nature conservation exist in numerous 
countries: e.g. The Wash, North Norfolk (Great Britain), the national parks of the Wadden Sea 
(Denmark, Germany, Netherlands), the West Pomeranian Bodden national park (Germany), the 
Leba national park and the Fresh Spit nature reserve (Poland), the Curonian Spit national park 
(Russia, Lithuania), the Doñana national park (Spain), the Côte d'Argent and Camargue biosphere 
reservation (France), the Circeo national park (Italy), as well as the Evros delta (Greece). How-
ever, this should not divert attention from the fact that numerous areas have already been de-
stroyed and that even protected areas are still under considerable threat. For this reason, deliberate 
protective measures need to be enforced. 
 
P.1 Vegetation of coastal sand dunes and sea shores, often in combination with halophytic 

vegetation, partly with vegetation of rocky sea shores 

European sea shores are characterised by a great variety of loose sediments: in addition to mud 
and sand there is also gravel and stone. Dune coasts (Map 17) are the most widespread and im-
pressive. 

Important preconditions for dune formation are a gently inclined, bare sandy beach, an onshore 
wind (from a wind velocity of force 4 on the Beaufort scale dried sand can be moved up the 
beach), and a continuous supply of sand. Where sand meets obstacles, the grains deposit, collect 
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and accumulate on their leeward side. Usually the dune coast only forms a narrow strip between 
the sea and wooded or cultivated inland areas, but it can reach up to 8 km in width (as it does at 
Haarlem in the Netherlands). 

 
Figure 14:  Schematic cross-section through the dune coast of the North Sea (based on ELLENBERG 1996, Figure 

376). Without the effects of man and his grazing animals the entire grey dune complex would 
probably be afforested. 

    Typical plant communities: 2 Cakiletum maritimae; 3 Honckenyo-Elymetum arenariae; 4,5 Elymo-
Ammophiletum typicum, E.-A. festucetosum arenariae; 6 Tortulo-Phleetum; 7 Hieracio-Empetretum 
polypodietosum, 8 Hippophaeo-Sambucetum nigrae; 9 Salix repens community; 10 Hieracio-
Empetretum; 11 Violo-Corynephoretum; 12, 13 Carici arenariae-Betuletum pubescentis (dune val-
ley) and Betulo-Quercetum roboris. 

 
If the dune vegetation develops ideally and in an undisrupted way it is described as a xeroseries. 
The communities of this series correspond to the succession-determined zonation pattern and form 
a characteristic succession perpendicular to the beachline. In the temperate zone of Europe (and 
also outside of this zone) the following dune sequence from the coastline to the hinterland is 
found under undisturbed conditions (Figure 14): 

● The flat sandy beach is covered by garland-like, washed up ‘ramparts’ of drift vegetation. An-
nual halophilous nitrophytes of the genera Cakile, Atriplex, Salsola etc. grow in such driftlines 
that profit from the high supply of nutrients from putrefying material consisting of seaweed, 
sea grass remains and flotsam. The species are highly salt-tolerant, germinate in late spring and 
die out in the early autumn after seeding before the autumn storms begin. The spatial organisa-
tion and floristic composition of this pioneer community is very unstable and is highly depend-
ent on wave and wind behaviour. 

● Towards the land interior embryonic dunes (primary dunes) follow on that can be reached by 
waves and repositioned by wind and water during storm-tides. On these unstable protosoils, 
sand couch-grass (Elymus farctus) is one of the first pioneer plants with an extensive root sys-
tem. It resists sand inundation and tolerates a higher salinity. The embroyonal dunes usually 
have high calcium, phosphorus and nitrogen content as well as a neutral pH with almost 100 % 
base saturation. At the same time, the sand has a low water storage capacity. In addition to 
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Elymus farctus subsp. farctus, Leymus arenarius and Honckenya peploides also participate in 
building up the primary dunes. 

● As the height of the sand mass increases, the influence of salt water decreases. Ammophila 
arenaria then settles as an additional psammophyte. The Marram grass can only take hold if 
the salt concentration is low in the soil (there are oligohaline conditions at about 1 m dune 
height in the North Sea, and already on the flat part of the beach in the Baltic Sea). This aridity 
adapted grass possesses a far-reaching root system and promotes sand accumulation with their 
close-standing culms. White dunes of 15 (to 30) m in height develop. These then join together 
in a chain-like fashion. A continuous covering of sand is important for Ammophila arenaria 
because of the supply of nutrients that it brings. If this supply wanes (behind the main ridge of 
the highest dunes), humus formation starts, and the lime content falls due to leaching and ac-
cumulation of litter while the nitrogen content in the topsoil increases so that numerous other 
species can settle. 

● On the grey dunes the nutrient supply is already much reduced. As a result there is nutrient 
depletion, and the productivity wanes. The vegetation structure varies from the high marram 
grass stands to the low grasslands with Festuca rubra, Corynephorus canescens and Carex 
arenaria or Koeleria glauca. Depending on the lime content of the sand, grey or blue hair-
grass vegetation develops. 

● On the adjacent brown dunes the soil maturation continues. The grasses are replaced by dwarf 
shrubs after which taller trees follow. Shrubs with symbiotic nitrifying bacteria (Hippophae 
rhamnoides, Ilex aquifolium) promote the development of the substrate. In the northern boreal 
region the development stops at the scrub stage due to the low temperatures. In the more 
southern zones wind-pruned forests develop (in the north often acidophilous oak forests, in the 
east also pine forests, and in the south evergreen sclerophyllous forests). The frequent and 
strong sea winds hinder tree growth, but cannot usually prevent it completely. The potential 
dune scrub forest region starts within the domain of the grey dunes (Figure 14). 

The ideal succession outlined above is often disturbed in nature by wind and water erosion or 
interrupted by hygroseries of moist, partly submerged or peaty dune valleys with ponds, tall reed 
vegetation, rush swamps and moist heaths. 

Dunes consist for the most part of calciferous sand. This sand is composed of silicon granules and 
a variable proportion of lime particles from seashells, so that the pH varies between 7 and 7.5. 
Exceptions include the old dunes of Flanders (relict dune ridges in northern France) and the terti-
ary sands of the Gascogne. Both the base-deficient sands in south-west France as well as the 
northern dunes originate (from the Frisian Islands northwards) from periglacially formed sand. 
With these dunes, the areas close to the shore are base-rich due to the presence of recent seashell 
remains, while towards the land interior the lime content decreases with increasing age of the 
dunes. 

The dune soils develop from sandy protosoils (loose syrozems) to regosols and are not initially 
structured. The rapidity of the soil maturation process is determined by the lime and nutrient con-
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tent of the sands. In the dune succession from white, grey to brown dunes the proportion of clay 
and humus in the soil increases, and soil horizons develop. The salinity of the water plays practi-
cally no further role in the actual dunes. Moder often forms as an organic layer, and otherwise the 
sand contains only traces of biogenic material. The water supply of the sand soils is poor, even in 
moist climates, and the plants have adapted to these conditions by forming deep roots and becom-
ing winter annuals. 
 
Map 17: Distribution of the sand-dune and seashore vegetation in Europe. 

 

 

 

P.1.1 Boreo-Atlantic sand-dune vegetation  

The boreo-Atlantic sand-dune vegetation includes Icelandic and north Scandinavian vegetation 
complexes (P1, P2) which consist of communities of the Honckenyo-Elymetea (Ammophiletea are 
absent). On the driftline Cakile maritima subsp. islandica, Tripleurospermum maritimum and 

Boreo-Atlantic sand-dune vegetation: P1, P2 
Bothnian-Baltic sand-dune vegetation: P3, P4 
Atlantic sand-dune vegetation: P5-P8 
Mediterranean sand-dune vegetation: P9-P12 
Pontic-Caspian sand-dune vegetation: P13-P16 



Formation P Map of the Natural Vegetation of Europe 
 

426  

various Atriplex species (e.g. Atriplex nudicaulis) grow. Between the driftline and the foredunes, 
species-deficient pioneer communities are occasionally present with Mertensia maritima. Elymus 
farctus and Honckenya peploides (var. diffusa) are the first species that act as sand traps to pro-
mote foredune formation. During the course of further development, lyme grass (Leymus 
arenarius) appears; it has a broad ecological range outside the range of marram grass (Ammophila 
arenaria) and in the boreal region also forms the white dunes that are lower and less spread out 
compared to the Ammophila dunes. The red fescue-lyme grass community with Leymus arenarius 
and Festuca rubra agg. is the characteristic and most frequent community in the dunes of Iceland 
and northern Norway all the way to the temperate zone of the western Baltic Sea. Grey dunes are 
formed by Leymus arenarius and Hieracium umbellatum, and in the northern boreal region also 
by Festuca richardsonii. On Iceland Silene uniflora subsp. uniflora and Armeria maritima are 
typical for more inland dune areas and transform into pebble communities. Arctic-alpine species 
are a further characteristic of the boreo-Atlantic dune vegetation in the inland dune regions. 

Aside from the influence of sheep grazing, the dune complexes in this region are still preserved 
for the most part in a near-natural form. 
 
P.1.2 Bothnian-Baltic sand-dune vegetation 

The sand-dune vegetation of the Baltic Sea (P3, P4) is subject to major continental influences. 
While in the Bothnian bay only communities of the Honckenyo-Elymetea occur, both classes are 
represented on the Baltic coast, and Ammophila arenaria subsp. arenaria together with x Calam-
mophila baltica forms the stands of the white dunes. In the Bothnian region, sandy beaches are 
rather rare and compared to the southern Baltic region floristically impoverished. The lower salin-
ity in the northern arm of the Baltic Sea (less than 0.5 % compared to > 3.2 % in the North Sea) is 
also a local feature of the habitat. 

In the Baltic region (P4) gravel beaches are colonised by the Elymo-Crambetum, accompanied by 
various Atriplex species. At sandy beaches one finds a succession from the Cakiletum balticae 
with Cakile maritima subsp baltica and sometimes Polygonum oxyspermum in the wrack line to 
the Elymo-Agropyretum juncei on embryonic dunes and then to the widely distributed Elymo-
Ammophiletum arenariae on the primary dunes. The participation of Petasites spurius is charac-
teristic for the dune vegetation of the Baltic Sea. Compared to the Atlantic dune vegetation at the 
North Sea coast, the southern Baltic communities are more species-deficient and less varied. The 
characteristic grey dune vegetation on the rapidly decalcified glacial sands consists of grey hair-
grass vegetation (Helichryso arenariae-Corynephoretum canescentis) and heaths with Empetrum 
nigrum (Hieracio-Empetretum) and Carex arenaria, which are rapidly colonised by Pinus sylves-
tris. The naturally open and lichen-rich pine forests contain the oceanic species Erica tetralix and 
Myrica gale in addition to Calluna vulgaris and Vaccinium species; in this way they can be dis-
tinguished from the pine forests that follow on further inland and eastwards. 

Despite the growing negative influences of tourism and dune stabilisation, most dunes are still in 
an acceptable condition. Virtually vegetation-free wandering dunes have developed in parts (e.g. 
Leba, Curonian Spit) due to the destruction of the vegetation cover. 
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P.1.3 Atlantic sand-dune vegetation 

The above generally-described xeroseries (Figure 14) also applies for the Atlantic dune vegetation 
(P5-P8) that encompasses the coasts of the Bay of Biscay to the Norwegian Channel (Skagerrak) 
and the Kattegat, and also includes the British Isles. The vegetation of the north-west European 
dunes (P5) consists of a complex of open to closed sand dune communities. Above the waterline, 
therophytic sea rocket driftline communities with Cakile maritima subsp maritima, Salsola kali, 
and sometimes Polygonum raii is found; behind that approximately 1 m tall foredunes follow with 
Elymus farctus, then white dunes with Ammophila arenaria subsp. arenaria on almost humus-
free, usually calcareous substrate, grey dunes mainly with grasses, Carex arenaria, Viola tricolor 
subsp. curtisii, mosses and lichens, and finally brown dunes with Empetrum nigrum, Corynepho-
rus canescens and isolated shrubs (Salix repens subsp. dunensis), locally also with Calluna vul-
garis. Major parts of the grey and brown dunes would presumably be wooded in their natural state 
(Quercus robur, Betula pubescens, Populus tremula), or at least overgrown with scrub (Hippo-
phae rhamnoides, Sambucus nigra, Rosa pimpinellifolia). The west European dune vegetation 
complexes (P6) already feature southern communities such as the Euphorbio-Agropyretum juncei 
R. Tuexen (1945) 1952 as well as the corresponding Ammophiletum with Euphorbia paralias, 
Calystegia soldanella and Eryngium maritimum. In the French-Atlantic dune vegetation complex 
(P7) Silene uniflora subsp. thorei and Linaria thymifolia occur, and Atriplex laciniata and A. 
glabriuscula reach their southern Atlantic limit. The Aquitanian dune forests (P8) consist of Pinus 
pinaster and Quercus ilex in the tree layer (in the south with Quercus suber on silicate sands). The 
shrub and herb layer already contain many Mediterranean species (Arbutus unedo, Daphne 
gnidium, Osyris alba, Cistus salviifolius, Rubia peregrina). 
 
P.1.4 Mediterranean sand-dune vegetation 

The Mediterranean dune vegetation includes the seashore communities of the Mediterranean 
(P10-P12) as well as those of the Portuguese Atlantic coast (P9). In the meridional Atlantic there 
are extensive dune landscapes with the following succession of vegetation: driftline (Honckenyo-
Euphorbietum) with Salsola kali subsp. kali, Honckenya peploides, Cakile maritima subsp. mari-
tima; foredunes (Euphorbio-Agropyretum junciformis) with Elymus farctus subsp. boreoatlanti-
cus, Eryngium maritimum, Euphorbia paralias, Otanthus maritimus; white dunes (Otantho-
Ammophiletum arundinaceae) with Ammophila arenaria subsp. arundinacea, Otanthus mari-
timus, Euphorbia paralias. Behind the first primary dune ridge Medicago marina, Crucianella 
maritima, Armeria welwitschii and Iberis procumbens become more frequent and are ultimately 
replaced by heaths and scrub with Corema album, Juniperus phoenicea subsp. turbinata and Pis-
tacia lentiscus. The vegetation occupies an intermediate phytogeographical position (Euro-
Siberian/Mediterranean) and contains numerous endemic species. 

The dunes on the coasts of the Mediterranean are usually lower and narrower compared to the 
Atlantic dunes. They can be subdivided phytogeographically into three regions that are repre-
sented by three mapping units (P10-P12). The driftline on the beach is determined by the Salsolo 
(kali)-Cakiletum aegypticae Costa et Manz. 1981. This nitrophilous pioneer community consists 
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of Cakile maritima subsp. maritima, Salsola kali subsp. kali, Euphorbia peplis, Polygonum mari-
timum (Honckenya peploides is absent) and companions from the surrounding dune and rock 
crevice communities. The species-deficient wrack line stands consist of annuals that develop rela-
tively late in the vegetation period and which complete their development cycle with seed matura-
tion before the start of the winter storms. In areas flooded during storms by sea water, Sporobolus 
pungens appears abundantly. On the embryonic dunes communities such as the Cypero mucro-
nati-Agropyretum juncei (Kuehnholtz-Lordat 1923) Braun-Blanquet 1933 grow with Elymus farc-
tus subsp. farctus, Eryngium maritimum, Calystegia soldanella and Otanthus maritimus. The 
white dunes of the Mediterranean region are built up as they are in the Lusitanian Atlantic from 
Ammophila arenaria subsp. arundinacea, Medicago marina, Otanthus maritimus and Pancratium 
maritimum. On the grey dunes other vegetation units, including those from the Crucianellion alli-
ance with Crucianella maritima, Helichrysum conclobatum and Ononis natrix, start to appear 
alongside the typical dune communities of the Ammophiletea. Very varied and rapidly changing 
scrub formations then follow on as one proceeds inland: i.e. with Rhamnus lycioides subsp. 
oleoides, Juniperus phoenicea subsp. turbinata, J. oxycedrus subsp. macrocarpa, Pistacia lentis-
cus, and also evergreen forests of the Quercetea ilicis. For the south-east Iberian dunes (around 
Almeria) (P10) the Ziziphus lotus contact community with Salsola oppositifolia and other Medi-
terranean arid scrub is typical. The widely distributed western and central Mediterranean dune 
vegetation complex (P11) contains amongst other species Anthemis maritima, Ammophila 
arenaria subsp. arundinacea and Echinophora spinosa on the white dunes. While in the western 
and central Mediterranean region communities with Crucianella maritima are typical of grey 
dunes, these are replaced to the east (P12) by communities with Coridothymus capitatus, Ephedra 
distachya subsp. distachya, Silene subconica and the Euphorbia terracina-Silene niceensis com-
munity. Ammophila arenaria subsp. arundinacea also becomes rarer to the east and is replaced by 
Triplachne nitens in the driest regions of the eastern Mediterranean. 
 
P.1.5 Pontic-Caspian sand-dune vegetation (O.-D. Ivan) 

The Pontic-Caspian dune vegetation is distributed on the south-west, western and northern coasts 
of the Black Sea as well as on the northern and western coasts of the Caspian Sea. It can be as-
signed to the Elymion gigantei Morariu 1957 alliance, and a number of forms belong to the 
Scabiosion ucrainicae Boscaiu 1975 as well as the Euphorbion peplis Tx. 1950. 

The dune vegetation of the Pontic and Caspian seacoasts contains physiognomically and floristi-
cally very different azonal vegetation units, i.e. psammophyte communities on salt-free and halo-
phyte communities on haline sand as well as swamp communities in wet dune valleys and inland 
lying basins. Therophytes and hemicryptophytes dominate in the spectrum of lifeforms, alongside 
which nano- and microphanerophytes, chamaephytes as well as isolated geophytes participate in 
forming the communities. Pontic and Turanian species dominate in the phytogeographical spec-
trum (Leymus racemosus subsp. sabulosus and subsp. racemosus, Astrodaucus littoralis, Crambe 
maritima, Artemisia santonicum, Taraxacum bessarabicum, Apera spica-venti subsp. maritima, 
Limonium-, Puccinellia-, Kalidium species). Eastern Mediterranean plant species also make up a 
large share of the species assemblage (Cakile maritima subsp. euxina, Cynanchum acutum, Sal-
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sola kali subsp. tragus, Aeluropus littoralis, Salicornia prostrata, Halocnemum strobilaceum, 
Frankenia hirsuta, F. pulverulenta). 

The coastal dunes form a microlandscape with a characteristic sequence of habitats and vegetation 
units. Overall, the following habitat areas can be distinguished: 

1. Driftline without plants; 

2. Foredunes with open, very species-deficient communities, e.g. with Crambe maritima, Cakile 
maritima subsp. euxina, Eryngium maritimum, Salsola soda; 

3. Tall white dunes with open, species-deficient communities featuring Leymus racemosus, Carex 
colchica, Medicago marina, Stachys maritima, Secale sylvestre, Argusia sibirica, Astrodau-
cus spp. etc.; 

4. Moderately tall to low grey dunes with more or less closed, more species-rich communities 
with Apera spica-venti, Festuca beckeri, Koeleria sabuletorum, Centaurea arenaria, C. odes-
sana, C. adpressa, Euphorbia seguieriana, Helichrysum arenarium, Cynodon dactylon etc.; 

5. Flat areas with numerous wet hollows or larger moist lowlands with salt marshes and meadows 
featuring Puccinellia distans, P. limosa, P. gigantea, Aeluropus littoralis, A. lagopoides, Li-
monium gmelinii, L. meyeri, L. caspium, L. suffruticosum, Salicornia species, Suaeda mari-
tima, S. prostrata, S. confusa, Halocnemum strobilaceum, Kalidium foliatum, K. caspicum as 
well as salt marshes with Juncus maritimus, J. littoralis, J. gerardii, Carex extensa etc.; 

6. Brackish or fresh-water wet locations close to the seashore or at estuaries with tall reed vegeta-
tion (Phragmites australis, Typha latifolia, T. angustifolia, Lythrum salicaria, Mentha 
aquatica etc.). 

Depending on the width of the coastal sand strip and the form of the microrelief, all or only some 
of the above listed habitat types may occur. Usually, the width of the first three zones remains the 
same. Such coastal vegetation complexes are absent wherever mountains fall steeply into the sea 
(e.g. at the eastern coast of Bulgaria, at the southern coast of the Crimea or along the Great Cau-
casus), and there they are only present at the mouths of rivers. 

Due to variations in sea level at the Caspian Sea, the sequence of vegetation units can change. 
There, Phragmites communities can occur directly on the driftline, followed by halophytic vegeta-
tion, and only beyond this do dune communities appear. 

The climate is warm (8-11 °C mean annual temperature) and semiarid to arid (150-450 mm an-
nual precipitation, 700-900 mm annual evaporation). 

The site conditions vary considerably according to location in the microrelief and depending on 
the heat, water and salt balances of the sand. The low foredunes consist of moist, weakly haline 
sand. The tall white dunes that are subject to continuous wandering due to wind action are charac-
terised by extreme heat and water conditions. The plants are adapted to the sparse nutrient content 
of the sand and obtain their water deep down in the sand with the aid of long, highly branched 
roots. On the low grey dunes humus enrichment and subsequent soil formation occurs. The heat 
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and moisture conditions are more favourable here, but the vegetation cover remains scattered on 
medium-high dunes although it is continuous on the low dunes. The flat sandy areas and hollows 
that spread out behind the dunes have differing salinity and are moist to swampy at the surface 
during the spring and early summer, and moist to dry during the late summer. The swamps at the 
coasts and estuaries are consistently wet and relatively well supplied with nutrients. 

The Pontic-Caspian coastal vegetation can be subdivided into four geographical forms with a 
variable succession of habitats and species assemblage (P13-P16): 

The south-west Euxinian dunes (P13) are characterised by numerous Mediterranean (Ammophila 
arenaria subsp. arundinacea, Polygonum mesembricum, Pancratium maritimum, Cyperus capi-
tatus, Otanthus maritimus) as well as Pontic species (Leymus racemosus subsp. sabulosus, Silene 
thymifolia). The west Euxinian unit (P14) features Pontic (Leymus racemosus subsp. sabulosus, 
Centaurea arenaria, Silene thymifolia, Seseli tortuosum, Alyssum borzaeanum, Dianthus bessara-
bicus, Astrodaucus littoralis, Atriplex verrucifera, Limonium gmelinii, Apera spica-venti subsp. 
maritima amongst others) and Mediterranean species (Cynanchum acutum, Aeluropus littoralis, 
Salicornia prostrata, Bassia hirsuta, Frankenia hirsuta, F. pulverulenta, Stachys maritima, Pa-
paver dubium etc.). 

The western to central Pontic dunes (P15) contain many Pontic and Turanian taxa (Festuca beck-
eri, Elymus obtusiflorus, Carex colchica, Leymus racemosus subsp. racemosus, Koeleria sabule-
torum, Limonium meyeri, L. tomentellum, L. caspium, Puccinellia gigantea, P. fominii, Petrosi-
monia brachiata, P. oppositifolia, Suaeda confusa etc.). 

The west Caspian unit (P16) is characterised by Convolvulus persicus, Argusia sibirica, Leymus 
racemosus, Artemisia marschalliana, Nitraria schoberi, Salicornia prostrata, Suaeda arcuata and 
Halocnemum strobilaceum. 
 
P.2 Halophytic vegetation 

The halophytic communities of seashores and inland locations are components of (semi-)ter-
restrial halophytic ecosystems and consist of natural therophytic pioneer and perennial grassland 
or dwarf-shrub communities. Salt marshes occur at flat sea shores with marine and alluvial sedi-
ments within the tidal zones of the Atlantic and the North Sea. The largest salt marshes in Europe 
are in the Wadden Sea along the continental southern and eastern coasts of the North Sea. 

Plant communities of marine halophytic vegetation usually feature a marked zonation determined 
by the duration and frequency of submergence, the nutrient content of the soil, the salinity of the 
water, and geomorphological origin. Salt marshes have their strongholds of distribution in the 
temperate region. However, inland halophytic vegetation and salt steppes are associated with 
haline or alkaline soils in semiarid and arid regions and unlike the marine occurrences contain no 
mud-catching embankments. 

Halophytic vegetation has a similar structure and composition the world over (only tropical man-
grove swamps prove an exception to this rule), as shown by the global occurrence of the same 
genera or indeed even species. The flora is quite species-deficient and, depending on site, consists 



Map of the Natural Vegetation of Europe Formation P 
 

 431  

Coastal halophytic vegetation, often in combination with sand-dune vegetation: P17-P31 
Inland halophytic vegetation: P32-P36 

mainly of annuals (Salicornia, Suaeda) or perennial grasses, rushes and (dwarf) shrubs that occur 
exclusively or primarily in haline habitats. 
 
Map 18: Distribution of halophytic vegetation in Europe. 

 

 
 
P.2.1 Coastal halophytic vegetation, often in combination with sand-dune vegetation 

Coastal halophytic vegetation is composed of halophilous and salt-tolerant vascular plants that can 
also tolerate periodic submergence. 

A mud flat describes a zone with alternating submergence between the spring high and low tides. 
Large parts are regularly submerged and exposed to drying to the rhythm of the tides. Such a habi-
tat places special demands on the organisms living there, since they are regularly submerged for 
up to 6 hours in water, and are regularly exposed to the air for a correspondingly long period of 
time. Because of the required degree of specialisation the number of species in this area is small. 
The living conditions are characterised by an abundant nutrient supply (phosphorus, nitrogen) as 
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well as the obvious salinity of the water. In addition to the continuous supply of organic material 
from rivers, eelgrass swards also produce large quantities of organic material (particularly if they 
are deeper lying or located immediately in front of the mud flats), which becomes fragmented by 
wave action. The organic material then mixes with inorganic constituents to form sedimentary 
particles: these are deposited on the surface of the mud flats when they are submerged, and then 
retained by the organisms in the ecosystem when the water ebbs away. 

The first higher plants of the glasswort mud flats appear from 40 cm below the middle high tide 
line. These are varieties of annual glassworts (Salicornia europaea agg., S. procumbens), Suaeda 
maritima or in some locations the naturalised English cord-grass (Spartina anglica). With increas-
ing level of the mud flat substrate (from 20 cm below the MThw) the vegetation changes from 
scattered to thick glasswort vegetation into which salt marsh species penetrate more and more. 
Above the middle high tide line, more or less closed saltmarsh grass meadows take over (Puc-
cinellia maritima, Spergularia media, Aster tripolium, Glaux maritima) and these characterise the 
higher-lying mud flats. In the next landward zone the frequency of submergence decreases, and 
the rain has a desalinating effect on the soil. The saltmarsh meadows are then replaced by thrift 
meadows further up. Important species here include Armeria maritima, Juncus gerardii, Festuca 
rubra subsp. litoralis, Agrostis stolonifera var. maritima and Limonium vulgare. Where grazing 
has taken place saltmarsh rush meadows (Juncetum gerardii) appear. 

In brackish water or freshwater areas at river estuaries as well as in the Bodden of the Baltic Sea, 
tall reed vegetation grows with Phragmites australis, Bolboschoenus maritimus, Schoenoplectus 
tabernaemontani, S. triqueter as well as sea rush (Juncus maritimus)-reed vegetation. 

Due to extreme climatic conditions, the halophytic vegetation of the arctic region (P17) consists 
of only a few species-deficient communities. The coast consists mostly of rock formations, and 
mud flats therefore occur only in estuaries and fjord tongues. The north boreal-arctic salt mead-
ows are assigned to the Puccinellion phryganodis alliance. A widely distributed community of 
this alliance is characterised by Puccinellia phryganodes (in northern Norway P. maritima also 
occurs); at higher-lying locations Carex subspathacea appears. Salt rush meadows with Juncus 
gerardii (that gives the name to the community) form the upper halophytic vegetation; on less 
halinated soils Carex glareosa, Festuca rubra and Stellaria humifusa occur. 

The group containing the Atlantic units of halophytic vegetation (P18, P19) has a quite uniform 
structure and floristic composition. Communities with dominant annual Salicornia taxa define the 
glasswort mudflats (Thero-Salicornion). Puccinellia maritima is the characterising species of the 
more highly located saltmarsh grass meadows. Also, Juncus gerardii occurs over the entire region 
(as well as in the central Mediterranean region). The north-west European halophytic vegetation 
(P18) is characterised edaphically by a higher proportion of sand. The salt marshes are dominated 
by grasses (Puccinellia maritima, Festuca rubra, Agrostis stolonifera); Limonium vulgare is ab-
sent here. The west European halophytic vegetation (P19) features more muddy habitats and a 
larger range of communities. Atriplex portulacoides also appears in the stands. 

The Bothnian halophytic vegetation (P20) is characterised by incidences of Carex paleacea (only 
in the Baltic Sea in this MU), Deschampsia bottnica as well as species of oligohaline sites. The 
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occurrence of Atriplex calotheca is characteristic for the north-east Baltic and Sundic-west Baltic 
mapping units (P21, P22). The west European-Cantabrian halophytic vegetation (P23) resembles 
that of the northern Atlantic coast, but contains perennial Salicornia species. This is the first unit 
in which Mediterranean distributed species such as Sarcocornia perennis, S. fruticosa, Suaeda 
vera appear in the halophytic vegetation of the Atlantic coast. 

The west Iberian-Mediterranean halophytic vegetation complex (P24) can be distinguished from 
the northern Atlantic form by the markedly higher proportion of Mediterranean species (Ar-
throcnemum macrostachyum, Limoniastrum monopetalum). The south-east Iberian halophytic 
vegetation (P25) is characterised by the occurrence of different Limonium species. The mapping 
unit P 26 is distributed from the Balearic Islands to the Ionian Sea. It contains typically Mediter-
ranean halophytic communities such as the Salicornietum fruticosi. A special role is played by the 
north Adriatic halophytic vegetation (P27), within which eurosiberian and Mediterranean species 
mix. There, Mediterranean communities (Arthocnemetum perennis, Aeluropaetum) appear next to 
eurosiberian (Spartinetum strictae, Juncetum gerardii) and endemic glasswort communities (Sali-
cornietum venetae). The halophytic vegetation of the Aegean (P28) contains widely distributed 
Mediterranean (Arthrocnemum macrostachyum) and eastern Mediterranean species such as Aelu-
ropus lagopoides. 

The halophytic vegetation of the Pontic-Caspian region (P29-P31) is assigned to the alliance of 
the Mediterranean salt marshes (Juncion maritimi Br.-Bl. ex Horvatic 1934 and Scorzonero-
Juncion gerardii [Wendelberger 1943] Vicherek 1973). Alliances which remain restricted to vari-
ous solonetz and solonchak soils in south-east Europe are the Puccinellion giganteae Golub et 
Solomacha 1988, Salicornio-Puccinellion Mirkin ex Golub et Solomacha 1988 and Artemision 
santonicae Šeljag-Sosonko et Solomacha 1987. The communities of the Thero-Camphorosmion 
(Bilik 1963) Vicherek 1973 belong to the vegetation consisting of annual halophytes and nitrophi-
lous plants with a large proportion of succulents and sclerophytes. Additional alliances include the 
Climacoptero-Suaedion Golub et Čorbadze 1989 as well as the Limonio gmelini-Juncion maritimi 
Golub et Solomacha 1988, amongst others (cf. RODWELL et al. 2001). The halophytic vegetation 
of the Black and Caspian Seas usually stands in complex with dune landscapes where it forms a 
small-scale mosaic consisting of species-deficient open halpophytic vegetation, species-rich 
closed salt marshes and wet rush swamps. Annual taxa of the Salicornia or Halocnemum form 
pioneer communities at the Caspian Sea which transform into a dwarf vegetation type with Sal-
sola soda or Puccinellia gigantea. Due to its proximity to the presumed point of origin of halo-
phytes in the salty regions of the Asiatic semideserts and salt steppes, the vegetation is more spe-
cies-rich than it is e.g. in Central Europe. The halophytic vegetation is characterised here by the 
presence of widely distributed halophytes such as Juncus maritimus, Glaux maritima and Juncus 
gerardii, as well as Pontic (Puccinellia bilykiana, Limonium meyeri, Suaeda prostrata) and Cas-
pian species (Karelinia caspia, Elymus multicaulis). 
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P.2.2 Inland halophytic vegetation (O.-D. Ivan) 

Characterisation and typological delimitation; geographical distribution; position in the 
phytosociological system (syntaxa) 

Inland halophytic vegetation is associated with saline or alkaline soils and has its main distribu-
tion strongholds in the continental areas of Europe. Its incidence and expanse increases from west 
to east. The sporadic, extremely small occurrences in western and Central Europe are associated 
with salt springs. Only in the Pannonian region do larger, climatically-determined halophyte 
communities occur (Puccinellion peisonis Soó 1957, Puccinellion limosae Wend. 1943, Festucion 
pseudovinae Soó 1933, Beckmannion eruciformis Soó 1933 etc.). Increasingly halophilous com-
munities appear in the east of the Danube lowland and in eastern Bulgaria (Thero-Salicornion Br.-
Bl. 1933). Further to the east (eastern Ukraine, southern Russia), the variety of halophytic vegeta-
tion and salt marshes increases (Thero-Camphorosmion Vicherek 1973, Salicornio-Puccinellion 
Mirkin 1988, Puccinellion fominii Šeljag-Sosonko et Solomacha 1987, Tripolio-Puccinellion dis-
tantis Golub et Solomacha 1988, Artemision santonicae Šeljag-Sosonko et Solomacha 1987 
amongst others) and achieves its maximum in the deserts around the Caspian Sea (Climacoptero-
Suaedion Golub et Čorbadze 1987, Suaedion salsae Golub et Čorbadze 1988, Festuco-Limonion 
gmelinii Mirkin 1988, Lepidion latifolii Golub et Mirkin 1986, Glauco-Caricion dilutae Golub et 
Solomacha 1988 etc.). The largest areas of Aralo-Caspian and Araksian halophytic vegetation are 
found east of the Volga and in Azerbaijan in combination with zonal Artemisia and Calligonum 
desert communities. 
 
Stand structure, physiognomy and floristic composition 

Usually these are open, species-deficient communities consisting of therophytes, hemicrypto-
phytes and nanophanerophytes. The vegetation consists entirely of halophilous or salt tolerant 
plants, i.e. genuine halophytes (e.g. Salicornia, Suaeda, Atriplex species) as well as salt-tolerant 
plants that need not be confined to haline soils (Plantago lanceolata, Poa bulbosa, some Ar-
temisia species). 

The species present in inland halophytic vegetation feature a characteristic spectrum of distribu-
tions: a large proportion of the species is of Aralo-Caspian (Turanian) origin and includes species 
of the genera Kalidium, Atriplex, Halostachys, Plantago, Limonium, Suaeda, Camphorosma, Ar-
temisia, Anabasis, Salsola. Others originate from the Mediterranean region with species of the 
genera Halocnemum, Aeluropus, Salicornia, Arthrocnemum, Agropyron, Carex, Lepidium, Jun-
cus, Trifolium, and Pontic species (Artemisia maritima, Camphorosma annua, Pholiurus pan-
nonicus etc.) are also present. A range of regional endemic species is also present (Pannonian: 
Puccinellia peisonis, Suaeda pannonica, Rorippa kerneri; north Pontic: Apera spica-venti subsp. 
maritima, Cerastium syvaschicum, Lepidium syvaschicum, Polygonum arenarium subsp. pulchel-
lum, Odontites salinus, Limonium meyeri, L. tomentellum, Puccinellia bilykiana, P. gigantea 
amongst others). 
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Site conditions 

Inland halophytic vegetation develops only under certain climatic and edaphic conditions: in the 
continental steppe and desert climate where annual precipitation is below 450 mm, the summer 
aridity and the associated severe evaporation cause the groundwater near the surface to rise in 
hollows and dissolved salts in the topsoil to precipitate out (chlorides, sulphates, carbonates and 
nitrates). In this way, heavily-salinated solonchak and solonchak-type soils form with a salinity 
typically of 1.0-1.5 %, but sometimes reaching 7 %. Solonetz soils form where salinity is low, and 
these can develop to solod soils as a result of salt washout and clay-humus deposition. 

Because of its association with certain types of relief, halophytic vegetation usually occurs in 
complex with other plant communities of steppes or deserts. This vegetation covers large areas in 
the Caspian deserts. Halophytic vegetation usually develops with succulent plants on highly sali-
nated soils, while on less salinated soils salt meadows develop primarily with gramineous plants 
or dwarf sub-shrubs. 
 
Classification into subunits 

The inland halophytic vegetation can be divided into five geographical forms with different habi-
tat successions and species assemblages: 

– Pannonian salt meadows (P32) with Puccinellia peisonis, Festuca pseudovina, Beckmannia 
eruciformis alternating with halophyte vegetation (Salicornia prostrata, Suaeda pannonica, 
Cyperus pannonicus, Camphorosma annua) and halophilous steppes (Festuca pseudovina, Ar-
temisia santonicum); 

– Danubian-Balkanic salt meadows (P33) with Puccinellia distans, P. convoluta, P. limosa, Jun-
cus gerardii, Limonium gmelinii in combination with halophyte vegetation (Salicornia eu-
ropaea subsp. brachystachya, Suaeda maritima, Bassia sedoides, Camphorosma monspe-
liaca); 

– Pontic salt marshes (as far as the Volga) (P34) with Poa angustifolia, Puccinellia distans, P. 
tenuissima, P. fominii, P. bilykiana, P. gigantea, Festuca arundinacea subsp. orientalis, Carex 
diluta in combination with halophyte vegetation (Salicornia prostrata, Suaeda prostrata, S. 
corniculata) and halophilous steppes (Festuca valesiaca, Artemisia santonicum); 

– North Caspian halophytic vegetation (P35) with Halocnemum strobilaceum, Kalidium folia-
tum, K. caspicum, Atriplex verrucifera, Atriplex cana, Climacoptera crassa, Petrosimonia tri-
andra alternating with salt steppes (Artemisia santonicum, Aeluropus littoralis); 

– East Transcaucasian halophytic vegetation (P36) with Halocnemum strobilaceum, Kalidium 
ciaspicum, Halostachys belangeriana, Suaeda microphylla, S. altissima, Salsola dendroides, S. 
soda, Pietrosimonia brachiata, Climacoptera crassa, Gamanthus pilosus, Seidlitzia florida. 
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R Tall reed vegetation and tall sedge swamps, aquatic vegetation 

S. Hejný, Dominique Remy & Richard Pott 

Characterisation and typological delimitation 

In formation R that consists of four mapping units, a number of different vegetation types are 
combined that vary considerably both structurally and floristically. The spectrum of habitats, 
ranging from permanent water bodies to periodically flooded swamps, but also including limnic 
and brackish systems, is also correspondingly broad. Regarding their floristic composition, the 
individual communities show hardly any common species; the number of phytosociological 
classes represented here is also correspondingly large. Since in unit R4 Salix cinerea scrub is also 
contained at its margins, even the absence of woody plants can only be applied in a restricted 
manner as a structural feature of this formation. 

Because of the at least temporary coverage by standing water, an extreme habitat has developed to 
which the photophilic plant communities described in this chapter have adapted. The grouping 
together of tall reed (R1), tall sedge (R4) and aquatic plant communities (R2) in a common, 
largely azonal formation has been performed since they all tend to interdigitate with on another 
very closely. However, gradual transitions may exist at places between the limnic vegetation 
complexes and salty, brackish water, tall reed vegetation (R3). 

In the transition zone between aquatic and terrestrial habitats, submerged and free-floating aquatic 
plant communities and tall reed vegetation or reed swamps form the typical terrestrialisation com-
plexes. The mostly high-growing tall reed plants (amphiphytes and helophytes) either grow over 
the whole year in water or tolerate periodic dry spells in their habitats. The aquatic plant commu-
nities alongside them consist of obligatory hydrophytes that strongly depend on permanent water 
coverage. 

Tall reed vegetation and reed swamps of mesotrophic to eutrophic habitats are also characterised 
by a relatively high productivity (concerning their phytomass), which can lead to the formation of 
sturdy fen peat and as such to a terrestrialisation of standing water bodies. Apart from the ex-
tremely flow resistant bur reed, tall reed vegetation and sedge reeds are highly characteristic for 
weakly flowing or standing freshwater and brackish water, and for locations with extremely high 
standing groundwater over the whole year. 

The almost complete absence of woody plants from formation R allows a clear delimitation from 
the often adjacent formation T (swamp and fen forests), while the delimitation of tall sedge com-
munities from higher growing phytocoenoses of the fens of formation S (mires) is often indistinct. 
On the other hand, tall reed vegetation and tall sedge communities are not restricted to purely 
mineral soils. 
 
Geographical distribution 

Tall reed vegetation, reed swamps and water vegetation are distributed as an azonal formation 
complex in the areas of waters and swamps all over Europe (see Map 20). The ecological plastic-
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ity and range of many of the species involved is quite large. For example, some tall reed and 
aquatic plant communities occur in almost all zones and regions, from the taiga to the Mediterra-
nean region, and from the oceanic areas of western Europe to the arid regions of south-east 
Europe. The following listed vegetation complexes exist in various types of water: in the littoral 
of lakes and ponds, in standing and weakly flowing waters of floodplains, in estuaries and tidal 
areas of the seacoasts. Unlike the general trend, the numbers of species in these vegetation units 
increases in Europe from south to north. 

The formation can occupy large areas only in extensive lowlands, in broad, non-sloping river val-
leys, in estuaries and at flat coasts. All over Europe relatively narrow stands growing parallel to 
the shores predominate with strongholds in lowland areas, so that extensive occurrences can only 
be identified in certain areas of Europe: in southern Sweden, eastern Denmark, on the French At-
lantic coast, in the Rhone and Po deltas, at Lake Trasimeno, the Neusiedlersee and Lake Balaton, 
as well as at the lower courses and estuaries of the rivers Danube, Dniester, Dnieper, Don, Kuban, 
Kuma, Volga and Ural. Areas which could not be represented on the map include the still seem-
ingly large formations at Lake Constance, in the polder regions of the Netherlands or in the neo-
Quaternary lake districts of north-east Germany and northern Poland. 
 
Physiognomy and ecology 

The vegetation types combined in formation R are quite heterogeneous regarding their life forms, 
structure and layering. Depending on their degree of adaptation, the aqueous, amphibious and 
helophytic categories of life forms can be assigned in the narrowest of senses to characteristic 
compartments from open water to the shore as a typical succession from hydrophytes, via amphi-
phytes (littoral helophytes) to helophytes. 

In deeper interlittoral zones only submerged hydrophytes occur. Here, Chara spp. form some-
times thick underwater grasses and Potamogeton spp. form intertwined underwater thickets, 
which in areas near the shore (from about 2-3 m water depth) are supplemented by free-floating 
foliage plants (e.g. Nuphar spp., Nymphaea spp.). In addition, submerged buoyant aquatic plants 
(e.g. Lemna trisulca, Ceratophyllum spp.) and emerged buoyant aquatic plants (e.g. Lemna spp., 
Salvinia natans, Trapa natans) occur. Amphiphytes colonise the water-fluctuating littoral zone 
(e.g. Sparganium emersum, Schoenoplectus lacustris). This zone demands great adaptability of 
the vegetation, since during the course of one vegetation period several ecological phases between 
aquatic to terrestrial may be traversed (HEJNÝ 1960). In the shallow waters of the amphibious 
coastal zone, helophytes that achieve dominance above the mean water level in an amphibious 
environment occur in addition to amphiphytes. 

Tall reed plants grow and spread usually in a polycormic manner, whereby their rhizomes are 
usually heavily interwoven (particularly in the case of R1 and R3). Long-distance dispersion of 
the stand forming Gramineae and Cyperaceae often occurs with the help of airborne or free-
floating generative diaspores. 

The great plasticity of many stand forming hydrophytes, amphiphytes or helophytes as well as 
their pronounced ability to disperse vegetatively also allow their plant communities to occur at 
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locations with sedimentation and erosion, and in biotopes with both unchanging and greatly fluc-
tuating water levels. 
 
Stand structure and floristic composition 

The structure and layering of tall reed vegetation is as a rule quite simple and uniform. High-
growing helophytes usually form uniform and closed stands; only with the large, tuft forming 
Carex species are they differentiated into compact hummocks and intervening hollows. Tree and 
shrub layers are absent, apart from Salix cinerea scrub in certain complexes or succession stages 
to alder forest. In the herb layer, monocotyledons dominate that reach heights of 80-350 cm (with 
moderately high species being 40-70 cm in height). The height and density of dominant species 
depend considerably on the nutrient balance and the length of the vegetation period (POTT 1980, 
1983). Thus, at the oligotrophic to moderately nutrient-rich (mesotrophic) lakes of north-west 
Europe, only loosely, relatively low growing (60-100 cm) tall reed vegetation develops (from 
Phragmites australis), while neighbouring eutrophic lakes feature a wide, densely formed and 
high (180-220 cm) reed bank layer. One of the high-growing reed plants in Europe is Arundo 
donax which ranges from the Mediterranean area to Transcaucasia, preferably on periodically 
swamped, gravelly substrates, and regularly grows to between 2 and 4 m in height. 

The structure of aquatic plant communities depends on light conditions the flow of water and 
trophic potential. Multi-layered plant communities from ground grasses, submerged species and 
free-floating foliage plants are formed particularly in clear, weakly eutrophic standing water bod-
ies. However, a lack of light at water bottoms due to clouding agents or sustained plankton bloom-
ing can lead to the development of near-surface, single-layered plant communities of free-floating 
foliage plants. The schematic spatial succession of aquatic vegetation and the zonation of a eutro-
phic lake is illustrated in Figure 15 (based on POTT & REMY 2000). 

Common characteristics of the formation include the clear dominance of monocotyledons from 
the families Poaceae, Cyperaceae, Sparganiaceae, Typhaceae in the area of the tall reed vegeta-
tion as well as Potamogetonaceae, Alismataceae, Hydrocharitaceae in the area of the aquatic 
plant communities. 

Central Europe shows the broadest spectrum of aqueous and amphibious plant communities. Here, 
some cold-resistant elements of the boreal and eurasian-continental regions (e.g. Carex acuta, C. 
buxbaumii, C. cespitosa, C. diandra, C. omskiana, C. paleacea, C. vesicaria, Eleocharis palustris, 
Isoëtes lacustris, Lysimachia thyrsiflora, Menyanthes trifoliata, Nuphar pumila, Nymphaea can-
dida, Peucedanum palustre, Potamogeton gramineus, P. perfoliatus, Potentilla palustris, Scoloch-
loa festucacea) converge with thermophilic elements from the Mediterranean/sub-Mediterranean, 
subcontinental or Atlantic floral regions (e.g. Alopecurus creticus, Apium graveolens, Arundo 
donax, Azolla filiculoides, Bolboschoenus popovii, Carex otrubae, Ceratophyllum demersum, 
Cladium mariscus, Euphorbia palustris, Glycyrrhiza glabra, Juncus maritimus, Marsilea quadri-
folia, Najas marina, N. minor, Nymphoides peltata, Pilularia globulifera, Ranunculus lingua, 
Rorippa anceps, Rumex hydrolapathum, Samolus valerandi, Schoenoplectus triqueter, Scutellaria 
hastifolia, Spirodela polyrhiza, Trapa natans, Urtica kioviensis, Vallisneria spiralis, Wolffia ar-
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rhiza). Central Europe represents the western distribution limit of steppe lake species, such as 
Salvinia natans, whereas it is the eastern distribution limit of oceanic geophyte elements, such as 
Hypericum elodes and Littorella uniflora. The climatically favourable valleys of the large rivers 
and glacial valleys play a special role in allowing the concurrence of boreal, continental, Atlantic 
and sub-Mediterranean species in Central Europe. Some species designated as river valley plants 
even have their strongholds here. The basic inventory of the formation R consists of species with 
a broad geographic distribution such as Acorus calamus, Bolboschoenus maritimus, Butomus um-
bellatus, Carex acutiformis, C. elata, C. riparia, Glyceria maxima, Iris pseudacorus, Juncus ger-
ardii, Lemna minor, Myriophyllum spicatum, Nuphar lutea, Phragmites australis, Potamogeton 
natans, P. pectinatus, P. polygonifolius, Sagittaria sagittifolia, Schoenoplectus lacustris, Spar-
ganium erectum. In addition, a number of families with their main areas of distribution outside or 
at the edge of Europe set regional accents, such as Aldrovanda vesiculosa and Nelumbo caspica in 
the Volga delta. The ranges of the individual plant communities result from the corresponding 
geographic differentiation of the species spectra. 
 
Figure 15: Schematic sequence of the water vegetation and zonation of a eutrophic lake (based on POTT & 

REMY 2000) 

 
Macroclimatic factors 

Consistently with the distribution of a number of vegetation types of this formation over the 
whole of Europe, the climatic conditions also vary a great deal. In general one can assume a 
dampening influence of the factor water on the microclimate in the case of aquatic and tall reed 
vegetation communities. This means that water plays no role as a deficiency factor, and that be-
cause of the heat storage capacity of the water, temperature extremes are reduced. Geographic 
differentiation within the azonal formation arises from the positioning of the sun (which varies 
according to latitude) as well as temperature cycles and minimums affected by latitude, altitude 
and continentality (whereby the length and course of vegetation periods can be affected). 
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Effects of climatic influences and their alterations have been demonstrated by clear displacements 
in the ranges of a number of hydrophytes during the course of the Late Glacial and the Holocene 
(LONG 1994), e.g. with Ceratophyllum submersum, Isoëtes echinospora, I. lacustris, Najas flex-
ilis, N. marina subsp. intermedia and Trapa natans. 
 
Site conditions 

As the variety of habitats occupied might suggest, a broad range of minerogenic and biogenic 
substrates are colonised by the vegetation of formation R. Because of the continuous or periodic 
water coverage, the soils are always, or at least temporarily saturated with water. Depending on 
the parent rocks and rate of water flow, the substrates can be gravelly, sandy, loamy, muddy, ar-
gilliferous or even organic in nature. Other soils that may be settled include semi-terrestrial soils 
of alluvial plains and marshes (e.g. gleys, anmoor gleys, Rambla) from semi-subhydric soils of 
tidal zones (river mudflats, brackish mudflats) to subhydric soils of water bodies (Protopedon, 
Gyttja, Sapropel, Dy), peat soils (fens), solonetz and solontschaks. 

The following factors play a key role in determining the development and spatial organisation of 
the mainly photophilic plant communities: 

1.  Water balance 
1.1 Flooding height and duration (permanent to episodic) 
1.2 Influence of water flow and waves (flowing or standing waters) 
2.  Water quality 
2.1 Carbonate mineral hardness and salinity (fresh water, brackish water) 
2.2 Nutrient supply (oligotrophic to hypertrophic) 

Please refer to HEJNÝ (1960), POTT (1983, 1996) as well as POTT & REMY (2000) for information 
about dependencies on substrate and water/nutrient balance. 
 
Position in the phytosociological system (syntaxa) 

In the majority of aquatic plant communities, representatives of the genus Potamogeton occur. 
Because of the sometimes extreme habitat conditions, many of the plant communities participat-
ing in the formation vary from poor in species to monodominant. For this reason, it is also diffi-
cult to group such stands according to sociological and hierarchical characteristics with the aid of 
even one characteristic species or association. Thus, the syntaxonomic classification of the Pota-
mogetonetea remains a matter of some debate. 

More or less all tall reed vegetation dominated by Phragmites australis belongs sociologically, 
within the Phragmitetea, to the order Phragmitetalia and the Phragmition alliance according to 
W. Koch (1926). With the exception of a few easily delimited associations, many of the associa-
tions behave differently regarding their structural and floristic composition; for this reason the 
syntaxonomic classification of some helophyte stands is also still disputed (cf. POTT 1995). 
Brackish water tall reed vegetation is grouped together in the Bolboschoenion maritimi alliance 
sensu Dahl & Hadač 1941. 
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The flowing water vegetation which cannot be represented at the scale of maps is characterised 
in aquatic environments by communities of Ranunculion fluitantis of the class Potamogetonetea. 
The water flow-adapted tall reed vegetation in flowing waters is placed in the alliance Phalaridion 
arundinaceae of the class Phragmitetea australis. 

The synsystematic vegetation classification suggested here in standing water bodies or low flow 
sections of flowing waters bodies takes into account the carbonate hardness, salinity and trophic 
stages from oligotrophic to hypertrophic, and is represented in a typical sequence of participating 
syntaxa from aquatic to semiaquatic and ultimately to terrestrial environments. 

Protosoils of oligotrophic waters are normally colonised by swards of stoneworts of the Charetea 
fragilis (such as Nitelletum translucentis and Charetum asperae), as well as pondweeds (Pota-
mogetonion pectinati) and free-floating foliage plant communities (e.g. Nymphaeetum albae). 
Moreover, phytomass-poor and weakly competitive associations of Littorelletea uniflorae with 
Isoëtes spp. occur with strongholds in the hydrolittoral and geolittoral zones, and the Littorella 
uniflora community occurs in the fluctuating water zone. These may border on low, loose tall reed 
vegetation consisting of Cladietum marisci, Caricetum lasiocarpae or weakly growing Phrag-
mites stands. Oligotrophic birch carrs (Betuletum pubescentis) form the adjacent forest vegetation, 
or otherwise the bog myrtle (Myricetum gale) which is characteristic for Atlantic climates. 

In mesotrophic lakes and ponds, more competitive plant communities appear over Gyttja soils: 
apart from various Characeae communities the Potamogetonetum graminei and other pondweed 
communities, the Nupharetum pumilae and the Nymphaeetum albo-candidae. In the amphibious 
zone, communities of the Littorelletea uniflorae, such as the Eleocharitetum multicaulis or the 
Phragmitetea australis (e.g. Caricetum rostratae, Carici-Menyanthetum) adjoin. All these plant 
communities can be considered as potentially endangered in the intensively exploited landscapes 
of Europe. This also applies to some syntaxa of weakly eutrophic waters. Here, duckweed com-
munities appear (e.g. Spirodeletum polyrhizae, Lemnetum trisulcae) as well as the Stratiotetum 
aloides. In such waters a well developed Scirpo-Phragmitetum reed bank or a Butometum umbel-
lati reed bank is often followed by Caricetum elatae sedge reed on its landward side which can 
then transform into alder carr. 

The eutrophic still waters without doubt show the largest floristic and sociological inventories. 
Depending on oxygen supply, Gyttjas or Sapropels are colonised as subaquatic substrates. Highly 
competitive associations of Potamogetonetea from the Potamogetonion (Potamogetonetum lu-
centis) and Nymphaeion albae (Myriophyllo-Nupharetum luteae, Nymphoidetum peltatae, Tra-
petum natantis) alliances predominate here. These border on thick, tall reed vegetation of the 
Scirpo-Phragmitetum or Acoretum calami, followed by representatives of the (Magno)Caricion 
elatae (Cicuto-Caricetum pseudocyperi, Caricetum gracilis, C. vesicariae, C. ripariae, C. panicu-
latae). These are then penetrated or indeed overlain by duckweed or bladderwort communities of 
the Utricularietea. The natural adjacent communities are grey willow scrub and carrs, particularly 
alder carrs (Carici elongatae-Alnetum). 

With transition to a hypertrophic, usually weakly salty environment, the diversity of such waters 
decreases quite clearly (POTT 1983). Frequently, water turbidity or excessive algal growth (usu-
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ally with Enteromorpha intestinalis covering) hinders the development of submerged vegetation. 
Pleustophyte communities such as Lemnetum gibbae or dense Ceratophyllum demersum stands 
remain. In such cases, the reed vegetation is formed by Glycerietum maximae or Bolboschoenus 
maritimus stands, that transform into sea club-rush and tall reed vegetation of brackish habitats 
(Bolboschoenion maritimi). Depending on their turbidity, the water bodies may be occupied by 
single or multi-layered plant communities. Thus, stonewort swards of the Charion canescentis 
alliance can colonise clean, clear brackish water, and be joined by specialised plant communities 
of Ruppietea maritimae or Zannichellietum pedicellatae from the class Potamogetonetea. Eel-
grass swards of the Zosteretea marinae can also occur as characteristic adjacent communities. The 
bank zones of such brackish waters can be occupied for example by Schoenoplecti triquetri-
Bolboschoenetum maritimi tall reed vegetation, or in the Scandinavian-Baltic area under fluctuat-
ing salt conditions by Caricetum paleaceae. 
 
Role in structuring the landscape 

Although the plant communities of the waters and their bank zones usually cover only a small 
area, they do represent important linear or two-dimensional landscape structures. At the same time 
they contribute considerably to biodiversity since they form habitats for complex zoocoenoses in 
aquatic and semi-terrestrial environments. In addition, tall reed vegetation protects the shores 
from the wave impacts and erosion and also offer raw material for industrial purposes (reed har-
vesting). 

The emersed vegetation of the water bodies and swamps plays a major role in determining the 
water and nutrient balance of the landscape. Regional water levels are influenced by the strong 
transpiration of reed and sedge plants over the course of the year, and the extensive reed and 
sedge stands appear to act as biofilters in which nutrients can be accumulated in considerable 
quantities. 

The adjacent communities in terrestrial areas are diverse. Depending on geomorphological devel-
opment, fens or flood-resistant scrub and forests of the classes Salicetea purpureae, Alnetea gluti-
nosae, Querco-Fagetea adjoin where shallow hydrological gradients prevail. With steep gradi-
ents, however, contact can also occur with vegetation typical of dunes, forest steppes, steppes, 
deserts or halophytic vegetation. 
 
Preservation status, land use, substitute communities; nature conservation 

The state of preservation and degree of threat to tall reed vegetation, reed swamps and water vege-
tation varies regionally and with regard to the individual plant communities. They are usually 
dynamic and easily renewable communities that can adapt well to mechanical destruction. Pro-
nounced quantitative losses of reed bank stands in western and Central Europe over the last centu-
ries can be attributed to extensive reduction of lake water levels, drainage (melioration) and trans-
formation into pasture and arable land. Over the last 70 years, increasing construction of industrial 
plants, roadways and docklands has led to a reduction and loss of (also rare) plant communities. 
At the same time, many plant communities of this formation in the remaining shallow water and 



Formation R Map of the Natural Vegetation of Europe 
 

444  

bank areas of lakes, rivers and estuaries have been heavily altered both quantitatively and qualita-
tively by increasing eutrophication and the influences of traffic or chemical pollution. 

The protection and preservation of weakly competitive oligotrophic plant communities represent a 
special problem in landscapes used intensively for industry or agriculture, since atmospheric 
deposition of nutrients can already lead to irreversible damage. Due to discharge of inadequately 
purified waste waters, plant communities of eutrophic sites are also threatened (POTT & PETERSEN 
1999). Overfertilisation can lead reed bank damage via excessive algal growth and excessively 
rapid stalk growth, and can degrade species-rich eutrophic waters to poly-hypertrophic species-
poor waters. While in Central Europe the greatest problem in former decades was created by 
phosphates in the water, today, above all, nitrogen compounds contribute to eutrophication. 

Tall reed vegetation and sedge reeds may also represent substitute communities for cleared 
swamp and fen forests (formation T) or degraded bogs (formation S). This is why anthropogenic 
destruction has allowed tall sedge reed to expand considerably from its naturally small stands. In 
those places where here natural reed and sedge vegetation areas have been converted to extensive 
and agriculturally exploited moist grassland, meadows and fields of high perennials of moist-wet 
habitats (Molinietalia caeruleae) currently form the typical substitute communities. As a result of 
the transformation that European agriculture is currently undergoing, extensively used moist 
grasslands are being decommissioned more and more so that reed areas and high perennial forma-
tions are taking over increasingly. 

Considering the diverse functions of water and swamp plant communities as well as the equally 
diverse threats and degrees of threat that they face, differentiated conservation concepts are indis-
pensable all over Europe. In general, the nutrient input to water bodies and their shore areas 
should be decreased and their drainage or congestion stopped. The plant communities of particu-
larly oligo to mesotrophic locations that are often only small in size and that harbour a multitude 
of highly endangered plant and animal species are especially worth protecting. 
 
Classification into subunits 

R1  Vegetation of freshwater tall reed swamps and adjacent shallow water areas 

In the photophilic helophyte stands of the amphibious zone of standing or flowing waters, Phrag-
mites australis appears frequently and usually dominates. The highly productive and relatively 
high-growing terrestrialising communities at lakes, ponds and flowing waters and their individual 
vegetation units are structurally and sometimes floristically quite heterogeneous so that they are 
relatively hard to classify. The aspect is dominated by sweet and acid grasses; these also develop 
polycorms and for this reason also often form the facies. The mapping unit consists of three cli-
matically/edaphically determined formations: 

a) Boreo-European (oligotrophic) freshwater tall reed vegetation 
b) Western and Central European meso- to eutrophic freshwater tall reed vegetation 
c) Carpathian-Pannonian and Pontic-Caspian eutrophic freshwater tall reed vegetation 
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a) Boreo-European (oligotrophic) freshwater tall reed vegetation 

Very open, loose, low growing tall reed vegetation emerging from the water surface. Widespread 
species include Phragmites australis, Schoenoplectus lacustris, Typha angustifolia, Equisetum 
fluviatile, Scolochloa festucacea, and further characterising species include Potentilla palustris, 
Nuphar pumila, Potamogeton gramineus. The stands contain Isoëtes lacustris, Eleocharis acicu-
laris, Littorella uniflora, Lobelia dortmanna, Nymphaea tetragona and Potamogeton spp in the 
lower water covered layers. With an optimum water level, the degree of coverage is between 2 
and 30 %. 

Range: boreal zone of Fennoscandia and Russia (Lakes Takern, Vaettern, Kallevesi, Ladoga, and 
Onega), lowland to montane Pleistocene landscape. 

Habitat: oligotrophic to mesotrophic standing waters with Protopedon on coarse-grained parent 
substrates; oligotrophic bog waters above Dy. 

Adjacent vegetation: Nymphaeetum tetragonae, Nupharetum pumilae, Caricetum rostratae, Cal-
letum palustris, Carici acutae-Comaretum palustris, Charetea fragilis, Utricularietea intermedio-
minoris, Littorelletea uniflorae. 
 
b) Western and Central European meso- to eutrophic freshwater tall reed vegetation 

Dense and lush stands tending towards monodominance, frequently being penetrated by aquatic 
plant communities. The most important reed bank species include Phragmites australis, Schoeno-
plectus lacustris, Typha latifolia, T. angustifolia, Glyceria maxima, Acorus calamus, Cladium 
mariscus. Characteristic companions include Ranunculus lingua, Iris pseudacorus, Rumex hy-
drolapathum, Stachys palustris, Scutellaria galericulata. Along the sides of flowing waters, 
Phalaris arundinacea forms typical flow-resistant bur tall reed vegetation. 

Range: temperate zone of western and Central Europe, e.g. from the east Holsteinian to the 
Masurian lake districts, the shores and terrestrialisation zones of the pre-Alpine lakes (e.g. Lake 
Geneva and Lake Constance), the pond regions of Trebon, the Neusiedlersee, Lake Balaton, river 
valleys as well as at permanent waters of Mediterranean southern Europe. 

Habitat: meso to eutrophic standing waters, on various subhydric to semi-terrestrial soils. 

Adjacent vegetation: meso to eutrophic aquatic plant communities (Potamogetonetea, Lemnetea 
minoris, Charetea fragilis, Utricularietea intermedio-minoris), tall sedge reeds etc. 
 
c) Carpathian-Pannonian and Pontic-Caspian eutrophic freshwater tall reed vegetation 

The tall reed vegetation of the Carpathian-Pannonian area colonises the alluvial plains of larger 
rivers such as the Danube and the Tisa. The dense 2-3 m high stands are constructed primarily 
from Phragmites australis and Schoenoplectus lacustris and posses a prominent tall herb layer 
with Senecio sarracenicus, Rorippa anceps, Sonchus palustris, Euphorbia palustris, Leucanthe-
mella serotina, Urtica kioviensis, Lactuca tatarica, and Glycyrrhiza glabra. 

Range: Slovakia, Hungary, Yugoslavia, Romania, Bulgaria, Moldova, Ukraine, southern Russia, 
Kazachstan. 

Habitat: mainly fluvatile sediments, eutrophic flowing and standing waters. 
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Adjacent vegetation: Azolla filiculoides-Wolffia arrhiza communities, Trapa natans communities, 
Nupharo-Nymphaeetum albae, Caricetum melanostachyae, Juncetum atrati and the Glycyr-
rhizetum glabrae. 
 
R2  Shallow water vegetation complexes 

Aquatic plant communities, frequently flanked by belts of reed vegetation, can advance in clear 
waters to areas with depths of more than 7 metres. Its distribution stronghold (where a maximum 
diversity is also shown) can be found in the standing waters of lowlands; with increasing altitude, 
decreasing summer temperatures and increasing influence of flowing water they become floristi-
cally impoverished. Apart from pondweed and free-floating foliage plant communities of the Po-
tamogetonetea, duckweed swards of the Lemnetea minoris form the greater part of the phytomass 
in the waters. Stonewort communities of the Charetea fragilis can develop more or less dense 
underwater swards at all depths of standing waters. 

The small/flat-leaved bladderwort communities of the Utricularietea intermedio-minoris are typi-
cal for oligotrophic to mesotrophic waters with boreal distribution strongholds. 

The shoreweed communities of the Littorelletea uniflorae have their distribution strongholds in 
the summer-cool Atlantic/sub-Atlantic as well as in boreo-montane areas. 

Widgeon grass communities of the Ruppietea maritimae form loose, submerged stands in brack-
ish water with strongholds in estuaries and in the Baltic Sea. 

Range: Distributed over the whole of Europe, but in the map only the particularly large occur-
rences in the northern Caspian Sea can be depicted. As with the tall reed vegetation, aquatic plant 
communities reveal differing distribution strongholds. Phytomass-deficient and rather weakly 
competitive associations occur frequently in oligotrophic offshore waters in the Atlantic as well as 
in the Eurasian/suboceanic floral regions (Atlantic coast, oligotrophic waters of lowland to mon-
tane glacial landscapes of northern Europe). 

On the other hand, the competitive, phytomass-rich aquatic plant communities are also found in 
the temperate and sub-Mediterranean zones of Europe: e.g. from the east Holstein to the Masurian 
lake districts, the shorelines and terrestrialisation zones of the pre-Alpine lakes (Lake Geneva, 
Lake Constance, Chiemsee), the pond regions of Trebon, the Neusiedler See, Lake Balaton, areas 
of rivers and streams devoid of stagnant water, river estuaries (e.g. of the Danube and Volga), as 
well as in permanent waters of Mediterranean southern Europe. 

Habitat: oligotrophic to mesotrophic standing waters with Protopedon on coarse-grained parent 
substrates, oligotrophic bogs above Dy, meso to eutrophic (hypertrophic) waters above Gyttja or 
sapropel, oligo to eutrophic flowing waters with fluvatile sediments, as well as inland and coastal 
brackish waters. 

Structure: single to three-layered, frequently penetrated by various other communities. Often just 
one-layered in flowing waters and turbid standing waters. 

Adjacent vegetation: Phragmitetea, Salicetea purpureae, and the Alnetea glutinosae. 

Most important characterising species: Potamogeton spp., Myriophyllum spp., Lemna spp., 
Nuphar lutea, Chara spp., Nitella spp., Utricularia spp. 
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R3  Brackish water tall reed vegetation alternating with salt marshes and halophytic herb 
communities 

This formation has two climatically accentuated flanks: brackish water tall reed vegetation in the 
oceanic area with permanently high water levels and small fluctuations in water level during the 
vegetation phase, and the continentally distributed form with strongly fluctuating water levels, i.e. 
with a pronounced differentiation into wet and dry ecoperiods. For this reason, the formation is 
subdivided into; 

(a) Oceanic, western, Central and northern European brackish water tall reed vegetation and 
(b) Mediterranean and continental brackish water tall reed vegetation 
 
a) Oceanic, western, Central and northern European brackish water tall reed vegetation 

Brackish water tall reed vegetation is grouped together in the Bolboschoenion maritimi alliance 
(DAHL & HADAČ 1941). Bolboschoenus maritimus and Schoenoplectus tabernaemontani are char-
acteristic for this tall reed vegetation in tidal areas of larger river estuaries as well as at brackish 
influenced locations along the Baltic Sea coast. In the North and Baltic Seas there are still expan-
sive occurrences of this tall reed vegetation in areas, which usually stand in close contact with salt 
marshes. Scattered, small occurrences of this tall reed vegetation appear at salty locations inland. 
In coastal areas, the dominant species often reveals a zoning due to differing tolerances of salinity 
and flooding. Brackish water tall reed vegetation forms mixed stands of dominant Phragmites 
australis with Bolboschoenus maritimus and Schoenoplectus tabernaemontani in the littoral zone 
of the Baltic Sea as well as at inland waters near the North Sea that are weakly influenced by 
tides. Brackish reed swamps are also closely associated with the brackish tall reed vegetation: e.g. 
the Caricetum paleaceae in Norway and the Junco-Caricetum extensae in the Netherlands. On the 
Baltic Sea coast, there are Phragmites stands with Fucus vesiculosus and on the North Sea coast 
there are mixed stands of Phragmites australis and Bolboschoenus maritimus, that are judged to 
be a transition between the Bolboschoenion maritimi and the Phragmition with their correspond-
ing companion species (Atriplex prostrata agg., Stellaria crassifolia, Carex disticha, see DAHL & 

HADAČ 1941, pp. 270). 

Range: along the seacoasts of the North and Baltic Seas including the bays and brackish water 
lakes, in tidally influenced estuaries, sometimes reaching far inland: Great Britain, France, Bel-
gium, the Netherlands, Germany, and particularly large formations in the bays of the Baltic Sea; 
Scandinavia and the Baltic states. 

Habitat: slightly muddy soils with moderate salt concentrations (secondarily as an impoverished 
form in waters polluted by alkaline waste). 

Structure: two- to three-layered communities, often lower than freshwater tall reed vegetation (80-
100 cm), but usually more densely formed. 

Adjacent vegetation: Ruppion maritimae, Magnocaricion paleaceae, Puccinellio-Salicornion, 
Festucion maritimae, and the Armerion maritimae. 

Most important characterising and differential species: Aster tripolium subsp. tripolium, Eleocha-
ris uniglumis, Atriplex prostrata agg., Triglochin maritimum, Carex otrubae, and Juncus gerardii. 
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b) Mediterranean and continental brackish water tall reed vegetation 

Range: estuaries in the Mediterranean, Black and Caspian Seas, as well as in arid inland areas of 
south-east Europe, on intermittently wet sites: on the shores of alkaline lakes, in salt swamps and 
at springs. 

Habitats: from the sublittoral to the eulittoral zone, loamy to argilliferous soils, rich in slightly 
water-soluble salts at the surface of salt-containing soils. 

Structure: three-layered communities up to 120 cm high, and usually densely formed. 

Adjacent vegetation: Ruppion maritimae, Beckmannion eruciformis, Juncion gerardii (Caricetum 
divisae) and the Puccinellion limosae. 

Most important characteristic and differential species: Phragmites australis, Bolboschoenus mari-
timus, Aster tripolium subsp. pannonicus, Puccinellia distans, P. limosa, Cirsium brachycepha-
lum, Melilotus dentatus, Alopecurus creticus, Juncus maritimus and Teucrium scordium. 

Dominant: Bolboschoenus maritimus, Schoenoplectus tabernaemontani, Schoenoplectus litoralis. 
 
R4  Sedge swamp vegetation 

As with standing water tall reed vegetation, tall sedge reeds are associated with terrestrialisation 
zones of meso- to eutrophic waters where they only occupy shallow, submerged and at times tem-
porarily dried out semi-terrestrial sites. The sedge communities assembled in the 
(Magno)Caricion elatae W. Koch 1926 alliance represent one of the more oligotrophic forms 
within the Phragmitetea. Only a few species achieve dominance amongst the tall sedges. The 
dominant sedge species show varying amplitudes regarding the water and nutrient balance of the 
sites they occupy. Depending on the depth and quality of the water, the stands feature various 
developmental forms and species spectra. 

Depending on habitat conditions, only one species of tall sedge achieves dominance in the sedge 
communities, which is then considered as the name-providing characteristic species for the corre-
sponding association. However, the habitat demands of the tall sedges overlap over wide areas so 
that the communities are floristically similar and poorly differentiated on the whole. Usually a 
mesotrophic Caricion rostratae is confronted on peaty substrates with a eutrophic Caricion 
gracilis alliance. 

Range: distributed over the whole of Europe usually in small areas; in the map only the larger 
occurrences in the Danube delta of Romania can be depicted. 

Habitat: meso to eutrophic; sandy, loamy to argilliferous or soils with a thin peaty layer to peaty 
soils, sometimes shallowly flooded for long periods or even persistently. 

Structure: hummock or sward-like terrestrialisation communities, often combined with tall reed 
vegetation and willow scrub. 

Adjacent vegetation: aquatic and swamp plant vegetation, e.g. Lemnetea, Charetea, Potametea, 
Littorelletea, Urticularietea intermedio-minoris or the remaining Phragmitetea, and also the 
Thero-Salicornietea, Salicetea purpureae, and Alnetea glutinosae. 

Most important characteristic and differential species: Carex elata, C. acuta, C. riparia, C. acuti-
formis, C. buekii, C. buxbaumii, C. cespitosa, C. randalpina, C. paniculata, and C. vesicaria. 
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S Mires 

Kamil Rybníček 

Characterisation and typological delimitation; geographical distribution 

Mires are semi-terrestrial wetlands in which peat has been or is being formed. They are unique 
ecological systems with a specific flora, vegetation and fauna which are influenced by hydrologi-
cal habitat conditions as well as the ion content of waters. Both the regional water balance and the 
geomorphology determine the structure of the mire complexes. Unlike most types of zonal dry 
land vegetation (most forests, steppes, tundras etc.), their biocoenoses seem to be less dependent 
on the macroclimate: they are primarily of azonal or, possibly (according to ALECHIN, 1951), in-
trazonal character. Nevertheless, they show a clear north-south zonation, changing along the oce-
anicity gradient and depending on the altitude. Thus they can have close relation to the climazonal 
dry land (cf. BOČ & MASING 1983: 109). 

The most important feature of mire vegetation is its ability to form its own substrate, i.e. to accu-
mulate plant biomass and transform it into an organic substance, namely peat. Mires arise at 
places which have been continously and at least temporarily (over)saturated with water, either as a 
result of terrestrialisation of water bodies (topogenous mires) or through the paludification of wa-
terlogged sites (soligenous mires). Both categories belong to the minerogenous (minerotrophic) 
mires, also known as fens. Ombrogenous (ombrotrophic) mires, blanket bogs and raised bogs 
usually develop from fens in areas with high precipitation and little evapotranspiration. Many 
mire complexes developed due to a combination of such local conditions. 

Mires occur over the whole of Europe, although they are unevenly distributed. While the area they 
occupy is negligible in the Mediterranean area, they take up more than 30 % of the surface in 
some areas of the boreal zone, in Fennoscandia and in the north of Russia. In Europe the follow-
ing north-south and west-east successions of regionally dominant mire types can be observed in 
the topographical distribution (see Map 19): polygonal and palsa mires in the Arctic and sub-
Arctic; aapa mires in the boreal zone; tree-less plateau and plain raised bogs in the oceanic and 
subcontinental regions of the southern boreal and northern temperate zone; concentric and eccen-
tric kermi raised bogs in the eastern hemiboreal and southern boreal zones; montane raised bogs 
in Central and south-east Europe; mainly subcontinental and continental wooded raised bogs in 
the lowlands of the east European hemiboreal and nemoral zones. Blanket bogs as special ombro-
genous forms are restricted to the extremely oceanic regions of western and north-western Europe. 
Spring bogs, valley, flooded and other types of fen occur independently of the macroclimate at 
suitable sites over the whole of Europe, with an increasing tendency towards the south. For further 
details see RUUHIJÄRVI (1960), EUROLA (1962), KAC (1971), LANG (1994). 

Formation S contains neither salt marshes, reed swamps and other swamps on mineral substrates, 
nor birch and alder carrs. These are dealt with in formations P, R and T. Mire areas irreversibly 
altered by drainage, peat excavation or cultivation are also not included. 

Further fundamental information on mire ecosystems and their distribution can be found in 
OVERBECK (1975), TJUREMNOV (1976), DIERSSEN (1982), GORE A.J.P. (1983), SUCCOW & JESCHKE 
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(1986), RODWELL (1991), JURKOVSKAJA (1992), BOČ & SMAGIN (1993), LAPPALAINEN (1996), 
SUCCOW & JOOSTEN (2001), DIERSSEN & DIERSSEN 2001. 
 
Stand structure and physiognomy 

The morphology and surface structure of mire complexes as well as their composition depend on 
the status of mire development, the regional climate, the relief, the local water balance and the 
chemistry of the peat substrate. The surface structures of the boreal and arctic mires are particu-
larly distinct, especially in the aapa, palsa and polygonal mire complexes. Their surface is organ-
ised into elevations such as strings and similar microforms mainly with ombrotrophic vegetation, 
and into depressions such as flarks (rimpis) with mostly minerotrophic mire communities. Well-
developed surface structures are also encountered in some raised bog complexes. These areas are 
arranged in Central and western Europe as hummocks or hollows, as well as concentrically or 
eccentrically ordered systems of long strings and flarks (kermis) in southern Fennoscandia. On the 
other hand kolks (more or less round water filled depressions and/or pools) can occur in all raised 
bog areas.  

The physiognomy of the mire vegetation itself is also different. Both tree-less and wooded mires 
occur in the oceanic to continental areas of Europe. Hemicryptophytes and helophytes of the Cy-
peraceae, dwarf shrubs and mosses and/or lichens are the dominant life forms in the mire plant 
communities. Since the number of species is usually low (except in some calcitrophic fens), the 
physiognomy and dominance of species often play a key role in the differentiation of the mire 
vegetation types and the mapping units. Mosses frequently serve as the best differential species 
for distinguishing habitats with various water or nutrient balances. The dominance and physiog-
nomy were in the past and in some countries, particularly in the former USSR (cf. TJUREMNOV 
1976), still are the most important criteria for the differentiation of mire types. 
 
Floristic composition and historical background 

The specific and extreme habitat conditions greatly restrict the number of plant species that can 
grow in mires. The most important gradient in the microrelief is that which concerns the water 
balance. The floristically usually distinct and clear boundary between the minerotrophic and om-
brotrophic bogs is referred to as a mineral soil water limit (cf. THUNMARK 1942, DU RIETZ 

1949,1954). Plant species combinations and vegetation types change along trophic gradients from 
base-rich fens to the extremely poor and highly acid raised bogs (see SJÖRS 1952). 

Base-rich fens (‘rich fens’ sensu SJÖRS 1952) are characterised by several ‘lime indicators’, e.g. 
by Schoenus ferrugineus, S. nigricans, Carex davalliana (in Central Europe), C. lepidocarpa, 
Eriophorum latifolium, Eleocharis quinqueflora, Pinguicula vulgaris, Primula farinosa, Juncus 
subnodulosus, Triglochin palustre, different orchid species, Equisetum variegatum and especially 
by brown mosses such as Scorpidium scorpioides, Drepanocladus revolvens, Campylium stella-
tum, Tomenthypnum nitens, Cratoneurum spp. amongst others. Sphagnum species are absent here 
or only occur in transitional vegetation types. 
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On the other hand, Sphagnum species of the sections Subsecunda, Cuspidata and some species 
from the section Acutifolia are typical for base-poor and acid sites (poor fens, transitional fens 
sensu SJÖRS 1952). Brown moss species are rare there and represented only by Warnstorfia spp., 
Calliergon giganteum and some other species. Of the vascular plants in this environment, we can 
find amongst others Carex lasiocarpa, C. limosa, C. chordorrhiza, C. rostrata, C. nigra and Erio-
phorum angustifolium. These species are more or less indifferent to the degree of base content. 

Raised bogs (‘domed bog’, ‘moss’ sensu DU RIETZ 1949, 1954 and SJÖRS 1952) have a quite ho-
mogeneous species composition not only in Europe, but also in the entire holarctic region. Erio-
phorum vaginatum, Trichophorum cespitosum, Vaccinium spp., Calluna vulgaris, Vaccinium oxy-
coccos, Empetrum nigrum, Andromeda polifolia, Sphagnum magellanicum, S. capillifolium, S. 
fuscum belong amongst the characteristic plant species. Other species have different geographic 
distribution and include: Betula nana and Rubus chamaemorus with a northward, Ledum palustre 
and Chamaedaphne calyculata with an eastward and Trichophorum cespitosum subsp. germani-
cum with a westward increasing frequency. Erica tetralix and Narthecium ossifragum are repre-
sented in the oceanic part of Europe both in fens and raised bogs. 

The present distribution of mire plants is a consequence of the topographical and climatic devel-
opment during the Late-Glacial and the Holocene. The greater part of the region with presently 
high representation of mires was glaciated during the last Ice Age (Fennoscandia, British Isles, 
north-west Russia). As such, the origin of the first minerotrophic bogs started there only after the 
retreat of the ice sheet, between 15000-10000 years BP1. This means that most mire plants mi-
grated from the periglacial, ice-free areas of Europe first after glaciers withdrew from northern 
Europe. Their earlier occurrence in Central Europe is well documented by finds of numerous mac-
rofossil remains in sediments of the Late-Glacial and early Holocene. Among these mire species 
that are now distributed mainly in boreal regions are e.g. Betula nana, Carex chordorrhiza, C. 
limosa, C. lasiocarpa, C. aquatilis, Scorpidium scorpioides, Calliergon trifarium, C. giganteum, 
Helodium blandowii, Warnstorfia exannulata, Paludella squarrosa, which have survived in Cen-
tral Europe as rare relicts of the past periglacial mire flora until today. 

The development of ombrotrophic raised bogs and their vegetation is younger and started with the 
increasing oligotrophisation of the fen peat and the declining influence of groundwaters. The ear-
liest transition from minerotrophic fen to ombrotrophic bog vegetation and from minerogenous to 
ombrogenous peat has been dated in Central Europe and Great Britain to between 8000 and 7000 
years BP (cf. OVERBECK 1975, GODWIN 1975, STALLING 1987), while in Finnish Karelia it has 
been dated to between 6000 and 4000 BP and later (TOLONEN 1967, 1968, JELINA 1969). Boreal 
aapa mires are currently in this transitional phase (see also FRENZEL 1983). The origin of blanket 
bogs was caused in part by the hyperhumidity and at the same time by human intervention during 
the Atlantic period and has been dated most often to about 5000 BP and later (cf. MOORE et al. 
1984). 
 

                                                            
1 All data BP refers to conventional radiocarbon dating (BP = Before Present). 
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Position in the phytosociological system (syntaxa) 

As with many other plant formations, presently, no generally accepted classification system for 
mire vegetation exists that can be used as a base for delimitation of mapping units at the European 
scale. No consensus regarding the typological, phytosociological, ecological or other classifica-
tion approaches has been obtained. The most important classification systems are based on the 
plant species composition, while some are also based on vegetation structure. These have been 
proposed for example by CAJANDER (1913), KOCH (1926), NORDHAGEN (1936, 1943), HADAČ 

(1939), SCHWICKERATH (1940), DUVIGNEAUD (1949), DU RIETZ (1954), OBERDORFER (1977), 
RUUHIJÄRVI (1960), EUROLA (1962), MALMER (1968), MOORE J.J. (1968), NEUHÄUSL (1972), 
JURKOVSKAJA (1980, 1992), DIERSSEN (1982, 1996), EUROLA et al. (1984), RYBNICEK et al. (1984), 
RODWELL (1991) and BOČ & SMAGIN (1993). Other mire classifications are based on the mor-
phology of mires, the chemical and physical properties of peat, the ecology of the habitats or a 
combination of these features. 

If we try to compare the highest hierarchical categories of our mapping units with those of the 
phytosociological system, the ombrotrophic bog units can be classified for the greater part to the 
class Oxycocco-Sphagnetea Br.-Bl et Tx. 1943 ex Westhoff et al. 1946, while almost all minero-
trophic fen units belong to the class Scheuchzerio-Caricetea fuscae Tx. 1937. The peat forming 
tall sedges reeds are closely related to the order Phragmitetalia australis W. Koch 1926 (Magno-
caricetalia Pignatti 1953). Other attempts to create direct relationships between the mapping units 
and the syntaxa of the phytosociological system can be found in the chapter ‘classification into 
subunits’ (see below) and in the descriptions of the mapping units (on the associated CD-ROM). 
In some cases, no scientific names could be assigned for the mapping units, either because phyto-
sociological data are lacking or the units are too complex. This problem occurs particularly with 
some units in the territory of the former Soviet Union, as well as some in Fennoscandia and Ice-
land. 
 
Macroclimatic factors, edaphic habitat conditions, ecological classification 

Abiotic and biotic conditions (e.g. bedrock, geomorphology, hydrology, climate, flora, fauna and 
often also anthropogenic factors) have influenced the development of mires in diverse ways. Their 
influence is often indirect, e.g. regarding the shaping of the peat masses, its water supply, its 
chemistry and the character of the organogenic soils. The combination of ecological factors, par-
ticularly trophy, hydrology, geomorphology and development, serves as a basis for ecologically 
standardising Central European mires, as was carried out by SUCCOW 1980 and SUCCOW & LANGE 

(1984) (cf. also STEINER 1992, SUCCOW & JOOSTEN 2001). 

Minerotrophic mires can develop in all European climates except for some arid and semiarid re-
gions in the Mediterranean and south-east Europe. Raised bog formation is concentrated in the 
south-boreal, hemiboreal and nemoral zones. 

Bedrocks influence fen types indirectly through their groundwater properties. While limestones 
are generally required for brown moss fens to occur, crystalline rocks (e.g. granite, gneiss) and 
sandstones favour the development of base-poor and acid Sphagnum fens. Ombrotrophic bogs on 
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the other hand develop usually independently of the geological substrate. 

The European organogenic soil types are designated as ‘moss’ for ombrotrophic mire types, ‘carr’ 
as well as ‘transitional wooded mire’ for wooded minerotrophic or ombrotrophic mires, or ‘fen’ 
for soils from minerotrophic mires according to KUBIËNA (1953), and in the best correspondence 
with their overlying mire vegetation types. The soils of the arctic-subarctic bogs are classified 
mostly as ‘tundra-moss’ (palsa complexes) and ‘arctic rutmark’ (polygonal mires). The categori-
sation of soils according to KUBIËNA is the one that is most consistent with our own ideas. Struc-
ture, layering as well as the physical and chemical properties of the peat soils are closely associ-
ated with the stage of mire development and the peat forming vegetation. 
 
Role in structuring the landscape 

Mires play an important role in determining the landscape water and nutrient turnover. Global 
water supplies in peatlands we can imagine if one assumes that the entire peat inventory is about 
500 thousand million tons of standard peat (40 % water content), and that natural peat contains 70 
to 95 % water. Mires are also important for the global carbon cycling of important ecological sys-
tems: depending on different literary data they contain 20-40 % of the soil-fixed carbon in the 
biosphere. This carbon is released during drainage, peat combustion etc. as CO2. Peat also fixes 
large amounts of other important elements such as nitrogen, sulphur, phosphorus etc. (cf. IVANOV 

1957, 1975, SUCCOW 1982, INGRAM 1983, MALTBY & IMMIRZI 1993, MALTBY & PROCTOR 1996). 

Differing information exists regarding the distribution and occurrence of mires in individual coun-
tries (TJUREMNOV 1976, KIVINEN & PEKARINEN 1980, OLENIN 1988, SCHNEIDER & SCHNEIDER 

1990). Here, first and foremost, the review of LAPPALAINEN et al. (1996) has been followed. Ac-
cording to this paper, global coverage of mires has been estimated to be about 4 million km² (in 
Europe about 460000 km², including the European part of Russia). Thus European mires repre-
sent about 11 % of the global mire ‘inventory’.  

Russia, followed by Finland and Sweden, has the largest mire regions in Europe. The following 
data were obtained from the monograph of LAPPALAINEN and coauthors: 

European part of Russia: 102000 km²; Finland: formerly 118000, today 89000 km²; Sweden: 
66700 km²; Byelorussia: 29000 km²; Norway: formerly 30000, today 24000 km²; Ukraine: 
20000 km²; Great Britain: 17500 km²; Baltic States (Estonia, Latvia and Lithuania): 14700 km²; 
Germany: 14200 km²; Eire: 12000 km²; Poland: 12000 km²; Iceland: 10000 km². The extent of 
mires in the remaining European countries is comparatively small. 
 
State of preservation, land use, substituting communities; nature conservation 

The global and especially the European peatlands are an important source of fuel and raw materi-
als; they have been (and are still being) destroyed for agricultural and forestry purposes. Because 
of their economic value and limited distribution, mires number among the most endangered eco-
logical systems. In many regions, mires have been drained over large areas, cultivated or almost 
completely destroyed (e.g. in Ireland, England, the Netherlands, north-west Germany). In other 
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countries with extensive peatlands as well, such as in Finland, Sweden, Norway, Poland, the Bal-
tic States, Byelorussia, Russia and Ukraine, they have also been decimated considerably. Espe-
cially, the minerotrophic mires have for the larger part been drained and cultivated. The still re-
maining and protected areas, which often contain valuable relict vegetation and fauna, often suffer 
from drainage as well as contamination by nutrients and pollutants. 

Mire ecosystems are not just ecologically unique; they are also of major scientific and cultural 
importance. They form important research objects for historical, phytosociological, biogeographic 
and ecological studies. Ecological studies deal often with the living and growth conditions of bi-
ota and their communities under extreme conditions. 

Faced with the major value of mires and their rapid decimation, mire protection represents a prior-
ity task. Representative mires should be preserved in a network of protected areas covering and 
representing the whole of Europe. For these protected mire areas (which often also need to be 
regenerated), comprehensive and scientifically well-founded protection and revitalisation plans 
need to be implemented. For this reason, measures involved in mire protection can turn out to be 
quite costly. Protection initiatives come from numerous national and international institutions and 
organisations such as Wetlands International, the International Mire Conservation Group (IMCG), 
Darwin Initiative etc. The international Ramsar Convention supports such national and interna-
tional activities. Unfortunately, a general acceptance of mire protection often arrives very late, and 
indeed too late in the densely settled and intensively exploited areas of Europe. 
 
Classification into subunits 

The classification of mires and the delimitation of our mapping units is based on the typological 
classification of mires in the European part of the former Soviet Union (JURKOVSKAJA 1980). Its 
territory covered more than half of Europe and also included the greatest proportion of mires. 
Therefore, practical considerations favoured assumption of the basic principles of the Russian 
classification, adaptation of the system to our requirements, and establishing of new units for spe-
cific mire types from western Europe. The system consists of three main categories of units: the 
ombrotrophic mires (raised and blanket bogs), a special group of ombro-minerotrophic mires of 
the arctic and subarctic as well as the minerotrophic fens including the aapa mires. Further subdi-
vision reflects more or less climatic and geographical changes and employs dominant and indica-
tor species as well as specific species combinations as the main differential criteria. The physiog-
nomy of the vegetation, morphology of the peat bodies, structure of the mire surface and other 
aspects were also drawn in if this proved appropriate. Detailed information about the species 
composition, stand structure, distribution, ecology, utilisation and nature conservation can be 
found in the explanations to the mapping units (on the CD-ROM). 
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Map 19: Schematic distribution of the most important regional mire types in Europe (based on LANG 1994, and 

modified in accordance with our map of natural vegetation of Europe, 1 :2500000, and other sources). 
  Correspondence of mapping units to the regional mire types: 
  1. Polygonal mires (S13); 2. Palsa mires (S14); 3. Aapa mires (S15, S16); 4. Atlantic blanket bogs (S5-

S7); 5. Forest-free lowland raised bogs (plain-, plateau-, kermi-, raised bog; S1-S4, S8, S9); 6. Subcon-
tinental-continental wooded raised bogs (S12); 7. Montane and submontane raised bogs (S10, S11); 8. 
Fens and transitional mires (S17-S26). 

 
 
S.1 Ombrotrophic mires (bogs) 

The vegetation of ombrotrophic raised bogs is usually classified to the class Oxycocco-
Sphagnetea Br.-Bl. et Tx.1943 ex Westhoff et al. 1946. This group of mires consists of raised and 
blanket bogs. The vegetation is either not at all or (in the case of oceanic blanket bogs) only little 
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influenced by the mineral soil water. Ombrotrophic mires developed in areas with high annual 
precipitation and/or little evapotranspiration. Their habitats are nutrient poor. The dystrophic and 
highly acid water of the bogs has a pH-value usually less than 4.5. Mineral soil water plant indica-
tors are generally absent. Raised bogs close to the coast are comparatively better supplied with 
nutrients due to the influence of salt spray. 

Raised bogs are generally endangered with industrial and agricultural peat exploitation, agricul-
tural and forestry cultivation, as well as balneological utilisation of peat. 

The following species are typical for the European raised bog vegetation: Eriophorum vaginatum, 
Oxycoccus quadripetalus, Andromeda polifolia, Sphagnum capillifolium, S. rubellum, S. magel-
lanicum and S. tenellum. 

While raised bogs occur mainly in areas with limited water outflow, blanket bogs in extremely 
humid oceanic regions cover also mountain slopes. 

As already described above, raised bogs frequently have a characteristic microrelief consisting of 
hummocks and hollows, strings and flarks, bog lakes (kolks) and/or pools as well as various types 
of furrows and channels. 

Raised bogs are distributed in Europe mainly between 45˚ and 68˚ N. Raised bogs also occur more 
sparingly at more southerly latitudes in Europe where they are mostly associated with montane 
altitudes (see Map 19). Iceland possesses no ombrotrophic mires due to the predominance of vol-
canic rocks and its young mire history. 

Three groups of mapping units can be distinguished within the ombrotrophic bogs. They represent 
mire complexes in the boreal, hemiboreal and nemoral zones as well as in the eu-oceanic region. 
 
S.1.1 The typical forms of boreal Sphagnum fuscum raised bog complexes (Oxycocco-
Empetrion hermaphroditi Nordhagen 1936 ex Hadač et Vána 1967, Eu-Fuscion Du Rietz 1950) 
are distributed between Scandinavia and the Ural. They have their centre of distribution in the 
subcontinental and continental regions of the boreal zone of Europe. In other regions these mire 
types are sparse and are indeed completely absent from the meridional zone. Rubus chamaemorus, 
Sphagnum fuscum and, in the east, Chamaedaphne calyculata are typical plant species of these 
raised bog complexes. 4 mapping units (S1-S4) were distinguished in order to comprehend the 
geographical differences in the vegetation and their morphological variability. 
 
S.1.2 Sphagnum Papillosum blanket and raised bog complexes are typical for oceanic regions 
of Europe. Erica tetralix and Narthecium ossifragum as well as Sphagnum papillosum and S. 
austinii are the most important indicator species; their plant communities are classified to the 
Oxycocco-Ericion tetralicis alliance (Nordhagen 1936) Tüxen 1937 em. Moore J.J 1968. 3 map-
ping units (S5-S7) represent the oceanic blanket bogs (differentiated according to their altitude) in 
Ireland, on the British Isles and at the west Norwegian coast. S8 comprises the oceanic plain and 
plateau raised bogs of the lowlands and uplands of Ireland, Great Britain, southern Scandinavia 
and north-west Central Europe. 
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S.1.3 Sphagnum magellanicum raised bog complexes in the hemiboreal and nemoral zones 
(Sphagnion medii Kästner et Flössner 1933) include the montane, submontane-colline to lowland 
raised bog vegetation types of the Baltic as well as Central and eastern Europe (S9-S12). Isolated 
occurrences exist in the mountain ranges of western Europe and on the Balkans peninsula. In the 
Alps they reach as high as 2000m. Representation of continental plant species with center of dis-
tribution in the lowlands such as Pinus sylvestris and Ledum palustre increases towards the east. 
A special type of montane raised bogs with Pinus mugo agg. (S10) represents a habitat with many 
relict plant and animal species. It is distributed in the Alps, the Carpathian Mountains, the Sudeten 
Mountains and the Bohemian Forest including their foothills. Another subcontinental wooded 
mire type with Pinus rotundata (S11) is more or less endemic to southern Central Europe from the 
Swiss Jura to the foothills of the High Tatra Mountains. Since most of these bogs are relatively 
small they cannot be depicted at the scale of our map. The wooded bogs with Pinus sylvestris of 
mapping unit S12 have a pronounced continental distribution. 
 
S.2 Ombro-minerotrophic mires 

This group of units includes two rare regional mire complexes that are characteristic for the arctic 
and subarctic zones of northern and north-east Europe, namely the polygonal and palsa mires. 
They are distinguished from all other mire types by the occurrence of both permafrost and an ice 
nucleus, which condition their unique surface structure. Their raised parts have an ombrotrophic 
character and are mostly dry or very dry while the flat and/or concave areas are minerotrophic and 
often flooded with water. 
 
S.2.1 Polygonal mires (S13) in Europe are distributed only at the north-eastern edge of the Rus-
sian mainland. Their formation depends on the underlying permafrost soil. The accumulation of 
peat is very small and slow here and retarded by cryogenic processes. The formation of polygonal 
mires appears to be cyclical in nature (BILLINGS & PETERSON 1980). 
 
S.2.2 Palsa mires (S14) occur in northernmost Fennoscandia and Russia. The size and height of 
the palsas (peat mounds) vary in a north-south direction. Many of the peat mounds depending on 
the existence of an ice nucleus are presently collapsing. Their age is estimated to be between 3000 
and 5000 years. 

The subarctic bogs are not particularly endangered by man due to their poor accessibility and their 
occurrence in poorly-populated areas. However, global climatic changes could conceivably lead 
to a restriction of their range. 
 
S.3 Minerotrophic mires (fens) 

Their vegetation is usually assigned to the class Scheuchzerio-Caricetea fuscae Tüxen 1937. Their 
species composition is determined by the mineral content of the ground or surface water. Minero-
trophic mires (fens) have developed mainly in lake basins, in the outflows of springs, or in river 
valleys. The surface of these mires is normally flat, weakly inclined, slightly concave, or (in case 
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of spring mires) slightly convex. A pronounced microrelief is usually absent, excepting the case of 
the boreal aapa mires. Many plant communities, particularly brown moss types, promote the for-
mation of peat. This fen vegetation is distributed over the whole of Europe: from the Mediterra-
nean to the arctic and from the lowlands to altimontane regions. While most fen types are found at 
their optimum stage of development or even at a stage of progressive succession in the boreal 
zone, in southern areas they are often only of a relict nature and poorly preserved, although they 
produced thick layers of the Late-Glacial and early Holocene peat in the past. 

Numerous Carex species are among the minerotrophic indicator species (Carex nigra, C. lasio-
carpa, C. rostrata, C. limosa, C. echinata), which also include e.g. Eriophorum angustifolium, 
Menyanthes trifoliata, Equisetum palustre, E. fluviatile, Bryum pseudotriquetrum and some 
Mniaceae. These taxa occur in most fen communities, i.e. in the range between (eu-)meso-
calcitrophic fens and oligotrophic poor and transitional fens. Mosses are the best indicators for 
typological, phytosociological and ecological differentiation of fen communities. 

Four groups of mapping units that represent the main fen types in Europe have been delimited: 
 
S.3.1 Boreal aapa mire complexes are a special group of (still) minerotrophic mires characteris-
tic of the taiga zone in Fennoscandia and northern Russia. They occur from Norway to the Ural in 
a belt between about 62˚ N and the arctic circle. 

Developmentally they stand at the end of the eu- and/or mesotrophic fen stages and at the start of 
the ombrotrophic raised bog stage. Because of their unique ecology and structure, we have as-
signed aapa mires as a special case between the typical fen and raised bog ecological systems. 

The surface of aapa mires is usually slightly concave and often inclined in the direction of its 
main outflow. The microrelief consists of long ridges (strings) and flat hollows (flarks) or kolks. 
The ridges represent oligotrophic habitats with raised bog plants, whereas the hollows are oligo-
mesotrophic and have minerotrophic vegetation. From south to north aapa mires change in their 
relief: flarks are found more in the south, and kolks are found mainly in the north. Peat thickness 
decreases towards the north while north boreal and subarctic plant elements gain in importance. 
Since there are continuous transitions between these subtypes, we refrained from expressing them 
in the different mapping units. Instead of this, for clearly distinguishable aapa mire types of the 
west (Fennoscandia) and east (Russia) two mapping units (S15, S16) were established. 
 
S.3.2 Transitional mires (incl. oligotrophic fens) (Scheuchzerietalia Nordhagen 1936 p.p., 
Caricion canescenti-goodenowii Nordhagen 1936, Sphagno recurvi-Caricion canescentis Pas-
sarge 1964 (1978), Rhynchosporion albae Koch 1926, Apiculetetalia Du Rietz 1954) are distrib-
uted mainly in northern and north-eastern Europe. Outside of these regions they occupy only 
small areas and represent only sparse and often relict stands that are not depictable at the scale of 
our map. They often occur in raised bog areas where they form the lagg vegetation. In spring and 
valley mires they represent the main vegetation types. They also participate in terrestrialisation of 
oligotrophic and mesotrophic lakes. Particularly sedges combined with sphagnum mosses of the 
sections Subsecunda and Cuspidata are the character species. Tree-less (S17), tree-poor (S18/19) 
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and wooded types (S20) can be distinguished. Their habitats are of course very wet. 

The origin of transitional mire and oligotrophic, acidophytic fen communities dates back to the 
end of the Late-Glacial, but their greatest expanse was observed during the middle Holocene. Pre-
sent stands are either relict or substituting communities. Their economic value is negligible, just 
some stands have been used for hay and straw harvesting. These mire types are heavily endan-
gered over the whole of Europe, particularly in densely populated areas. 
 
S.3.3 Small sedge-brown moss fens (Caricetalia fuscae Koch 1926, Drepanocladion exannulati 
Krajina 1933, Schoenion ferruginei Nordhagen 1936, Caricetalia davallianae Br.-Bl. 1949, Scor-
pidietalia Du Rietz 1954, Sphagno-Tomenthypnion Dahl 1957) represent comparatively nutrient-
rich and often little calcerous mire habitats. They often form, as already mentioned above, the peat 
forming initial communities during mire evolution. Weakly acid, neutral or basic reactions 
(pH >5) of the peat and mire waters are typical. A high water level is a precondition of their exis-
tence. Brown mosses and sedges or other Cyperaceae dominate. Sphagnum mosses are absent 
with the exception of a few calci-tolerant species such as Sphagnum warnstorfii and S. contortum. 

Base-rich fens (S23, S24) are distributed in the boreal zone. Calciphilous formations with Carex 
davalliana (S24) are restricted to Central Europe. Independent and unique mapping units (S21, 
S22) were established for the subarctic areas and Iceland. 

The economic value and biological productivity of undisturbed brown moss fens is very low. Sites 
with base-rich fens are used mostly for agriculture, particularly in densely populated areas. The 
remaining sites deserve special attention of nature conservation. 
 
S.3.4 Tall sedge fens (Phragmitetalia australis W. Koch 1926 p.p., Magnocaricetalia Pignatti 
1953 p.p.) characterise the eu- to mesotrophic wet habitats. Such fens occur over the whole of 
Europe except for the subarctic and major parts of the boreal zone. Typical tall sedge fens (S25) 
still occupy relatively large areas in Polesie, and formerly they occurred frequently also in the 
Pannonian basin and in the Mediterranean region. Today they are greatly endangered, and remain-
ing stands require strict protection. 

Because of their uniqueness, the endemic Colchic tall sedge reeds have their own mapping unit 
(S26). Almost its entire former range has been cultivated and in some cases even converted into 
tea plantations. 

Tall sedge communities and reeds on mineral soils were integrated into formation R. 
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R. Haab, Birmensdorf. Austria: G.M. Steiner, Vienna. Slovenia: P. Skoberne, Ljubljana. 
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T Swamp and fen forests 

Heinz Schlüter & Udo Bohn 

Characterisation and typological delimitation 

In formation T, broadleaved forests in permanently wet locations, i.e. alder carrs as well as downy 
birch fen and swamp forests, are grouped together. Both subcategories can be considered as 
highly autonomous not just with respect to their dominance, but also with respect to their overall 
floristic composition, since they share hardly any common species, and can usually be assigned to 
two different classes (Alnetea glutinosae Br.- Bl. et Tx. from Westhoff et al. 1946, and Vaccinio-
Piceetea Br.-Bl. in Br.-Bl. et al. 1939 as well as Vaccinio uliginosi-Pinetea sylvestis Passarge and 
Hoffmann 1968). Thus, their co-assignment to one formation is not based on floristic-sociological 
aspects, but instead is purely ecological since they are specialised for colonising extremely wet 
and unique areas of varying trophic level. They colonise fen peat or muck humus (usually over 
gley soils) as permanent vegetation cover, and purely organic wet soils either sporadically or in 
small areas.  

Continuous wetting by minimally-changing near-surface ground or standing water combined with 
poor oxygen levels in the soil explain why zonal broadleaved trees and their associated flora fail 
to establish themselves (compare formation F). Thus, black alder (Alnus glutinosa) can become 
dominant on moderately acid eu- to mesotrophic wetlands, and downy birch (Betula pubescens) 
can become dominant on very acid oligo- to dystrophic wetlands and form specific species 
combinations according to site conditions; however, in ecologically borderline areas (mesotrophic 
to oligotrophic), there are also transitional forms with both alder and birch. On the limits of 
swamp forests to the north and east, as well as in montane areas, the spruce (Picea albes) and/or 
pines (Pinus sylvestris, P. rotundata, P. mugo) can join. 
 
Physiognomy and floristic composition 

All fen and swamp forests have a single-staged tree layer which with alder forests is light-
occluding and moderately high, and with birch swamp is very open and low to moderate in height. 
There is usually only a poorly developed shrub layer and a luxuriant, usually closed floor 
vegetation which in alder carrs is composed of hydro- to helophilic perennial herbs and sedges, 
and in birch swamp forests is colonised by grasses, dwarf shrubs, with a well developed moss 
layer containing particularly Sphagnum species. 
 
Geographical distribution 

The main range of swamp and fen forests is in the nemoral broadleaved forest zone, but they can 
also extend to the southern boreal coniferous forest zone. Birch carrs are concentrated more to the 
north-west Atlantic-sub-Atlantic region, but they are also distributed over wide areas in the Bela-
rusian Pripyat swamps (Palesse) and reaches to the east European coniferous forest belt and the 
foot of the Urals. Alder swamp and fen forests on the other hand penetrate far to the south and 
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south-east of Europe into the Mediterranean and Colchic region and the last outposts in the east 
even reach the zone of the herb-grass steppes (unit M8). 
 
Habitats and role in structuring the landscape 

Because of their restriction to very wet habitats in lowlands and mountainous country, swamp and 
fen forests naturally occupy only small areas compared to the zonal forest vegetation. Extensive 
natural occurrences are restricted to boggy depressions, particularly of glacial and wide river val-
leys. 

As a result of drainage and modern hydromelioration from intensified land use, swamp and fen 
forests have been largely destroyed and converted to moist grasslands, increasingly to arable land, 
or plantations of poplar, spruce and more rarely pine. However, on degraded, partly cleared of 
peat and abandoned ombrogenous bogs, secondary downy birch woodlands have developed, while 
sedge and tall herbs alder carrs or swamp forests have regenerated from fallow wet meadows or 
abandoned fishponds. 

The still existing or regenerated, usually small and often isolated remnants, and particularly the 
rare, still extensive swamp forest complexes are especially worthy of protection because of their 
role in maintaining the water balance of the landscape as well as their importance as a near-natural 
wetland habitat. 
 
Classification of formation T 

T.1 Alder carrs and swamp forests (Alnus glutinosa, A. barbata) 

Alder carrs of the temperate and south boreal zone (T1), the Mediterranean region (T2) and the 
Colchis (T3) 

T.2 Birch carrs and swamp forests (Betula pubescens s.l.) 

Birch carrs (T4) 

T.3 Vegetation complexes on degraded lowland raised bogs 

Various secondary vegetation complexes on drained and lowland raised bogs that are partly 
cleared of peat (T5, T6, T7) 

 
T.1 Alder carrs and swamp forests (Alnus glutinosa, A. barbata) 

Physiognomy and floristic composition 

Deciduous swamp and fen forests consisting solely or predominantly of black alder (Alnus glutinosa) 
with a single-staged tree layer growing up to 20(25) m in height, a poorly developed shrub layer and 
usually a luxuriant herb layer of hydro- to helophilic perennials, sedges and grasses. Alder carrs as 
natural azonal terminal communities occur on wet, eu- to mesotrophic fen peat or on peaty and humic 
gley soils with high-standing, base-rich and often moving groundwater, which varies little in level and 
which is often periodically inundating the soil surface especially in the early spring. 
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The dominant alder, which of all European tree species is the most tolerant to continuous wetting, 
is joined by the downy birch (Betula pubescens) on oligotrophic sites as well as Sphagnum and 
other acidophilous species forming the transitional community to birch carr. In its richest expres-
sion with nutrient demanding tall herbs, the ash (Fraxinus excelsior) marks the transition to alder-
ash forests as a frequent adjacent community. Ribes nigrum, Frangula alnus, Salix cinerea and S. 
pentandra are characteristic for the usually weakly developed shrub layer. 

The herb layer which is abundant in species and mostly has a high coverage consists particularly 
of hemicryptophytes. Characteristic and widely distributed species include Thelypteris palustris, 
Calamagrostis canescens, Lycopus europaeus, Solanum dulcamara and Carex elongata; further 
typical species include Peucedanum palustre, Galium palustre, Scutellaria galericulata, Lysima-
chia vulgaris, Lythrum salicaria, Irides pseudacorus, Caltha palustris, Carex acutiformis, C. 
paniculata, C. pseudocyperus, Athyrium filix-femina, Equisetum fluviatile, Cirsium palustre, and 
in its richer forms Filipendula ulmaria, Cirsium oleraceum, Phalaris arundinacea, Valeriana 
procurrens, Crepis paludosa, Eupatorium cannabinum and Urtica dioica. 
 
Site conditions and distribution 

Alder carrs and swamp forests had their widest natural distribution in glacial lowlands, valley 
floodplains, waterlogged basins and depressions as well as silting up edges of eutrophic lakes, i.e. 
primarily lowland but also sporadically in colline to submontane-montane areas, but seldom 
higher than 500 to a maximum of 800 m altitude. Consistent with the wide range of this azonal 
vegetation type stretching over the entire nemoral, the Mediterranean and the southern boreal 
zones (and sometimes even further out), a broad range of climatic conditions are tolerated (zones 
V-VI, although preferentially in VI, and locally also in IV and VIII according to WALTER & LIETH 
1967). 
 
Ecological and geographical classification 

Even though alder carrs are differentiated according to trophic conditions and water balance into 
Sphagnum-Betula pubescens, typical, tall sedge, tall herb, Cardamine amara, and Hottonia types, 
they can be considered with some justification as a model example for an azonal vegetation type 
with its specific species composition and habitat. Considering that the central geographical form has 
its strongholds in eastern Central Europe, a geographical differentiation can nevertheless be ascer-
tained by frequently overlapping geographic differential species: on poor soils the oceanic region is 
characterised by Salix atrocinerea, Lonicera periclymenum, Osmunda regalis, Hydrocotyle vul-
garis, and Blechnum spicant and on spring sites also by Carex laevigata and Scutellaria minor, 
while the boreo-continental region is characterised by accompanying species such as Picea abies, 
Calla palustris, Lysimachia thyrsiflora, Trientalis europaea, Vaccinium myrtillus, Rubus saxatilis 
and Dryopteris cristata. For the Ukraine, Carex omskiana, Lycopus exaltatus and Urtica galeops-
ifolia have been named as differential species. Alnus glutinosa forests also occur as the last outposts 
in the ‘Kolki’ (wet depressions) within the Pontic psammophytic herb-grass steppes (unit M8). 
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Floristically, altitudinal variants of the uplands and mountains can be quite clearly distinguished; 
in these areas they occur preferentially on spring-swampy sites with varying trophy and are usu-
ally of a small size. Apart from the absence of lowland species (e.g. Ribes nigrum, Humulus lupu-
lus, Solanum dulcamara, Lycopus europaeus, Thelypteris palustris, Iris pseudacorus), they are 
characterised by montane floristic elements such as Alnus incana and Picea abies in the tree layer 
as well as montane perennials such as Chaerophyllum hirsutum, Aconitum napellus, Bistorta offi-
cinalis, Equisetum sylvaticum and Poa remota. 

In southern and south-eastern Europe, particularly the Mediterranean area, more diverging, liana-
rich alder carrs have been described (T2) with Periploca graeca, Rubus ulmifolius, Fraxinus an-
gustifolia s.l. and Ficus carica as well as Vitis sylvestris and Calystegia silvatica. Close relation-
ships with Mediterranean alder carrs are shown by the Colchic (east Euxinian) geographical type 
(T3) which is also liana-rich, dominated by Alnus barbata and often joined by Pterocarya ptero-
carpa. In addition to Periploca graeca, the lianas Vitis sylvestris, Smilax excelsa and Clematis 
viticella also occur here. 
 
Adjacent and substitute communities 

Depending on the origin of the alder carr sites, differing adjacent communities may occur: eutro-
phic reed beds and tall sedge reeds (including Cladium mariscus) as well as willow scrub (Salix 
cinerea etc.) occur on silting up lakes and lowland fens; alder-ash forests, alluvial willow forests 
and stitchwort-alder forests are complex units in stream and river floodplains; sedge reeds and 
willow scrub occur in fens of broad depressions and glacial valleys. Such vegetation complexes 
are embedded in diverse zonal broadleaved forests of the nemoral zone (formation F) as well as in 
mixed broadleaved-coniferous forests and coniferous forests (formation D) of the hemiboreal and 
south boreal zones. 

Coppicing has been practiced with alder carrs over the past for rotation periods of 60-80 years; 
unspoiled mature stands are rare. Drainage of the sites results in conversion over Rubus idaeus- 
and Urtica dioica-alder forests into alder-ash and wet oak-hornbeam forests. After clearing, reed 
banks (Phragmites, Phalaris) appear as well as tall sedge reeds (Magnocaricion) and tall herb 
communities which can become reforested with willow scrub (Salicion cinereae) acting as a tran-
sitional phase. With drainage and annual mowing, Molinion hay meadows develop, while species-
rich wet meadows (Calthion) arise if mowing is performed several times a year and fertilisers are 
applied. After intensive melioration, crop farming (e.g. corn) can also become possible. In many 
cases afforestation of the drained fen forest sites takes place with poplar hybrids, spruce or pine. 
 
State of preservation; nature conservation 

Alder carrs have been reduced so much by increasing intensity of land use with drainage, lower-
ing of groundwater and lake levels, forest clearing and grassland utilisation, that only rarely more 
than 5 % of the initially occupied surface has been preserved in a near-natural state. All remaining 
near-natural stands with their adjacent and semi-natural substitute communities are extremely 
deserving of protection, not least because they harbour many endangered species of wetlands such 
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as Osmunda regalis, Dryopteris cristata, Calla palustris, Iris sibirica, Carex laevigata, C. pseu-
docyperus and other Carex species as well as Epipactis palustris, Liparis loeselii, Orchis palustris 
in neighbouring fens and transitional mires, as well as other orchids including Pinguicula vul-
garis, Drosera anglica, Eriophorum latifolium, E. gracile, Cladium mariscus etc. 
 
T.2 Birch carrs and swamp forests (Betula pubescens s.l.) 

Physiognomy and floristic composition 
The deciduous carrs and swamp forests of downy birch (Betula pubescens s.l.) are translucent 
and, depending on site conditions, are hardly 10 m and seldom more than 15 m high. A shrub 
layer is rarely, if at all present. Grasses, dwarf shrubs, sedges and bryophytes usually contribute 
substantially in the ground vegetation. Strongly acidic, high-standing and more or less stagnating 
groundwater in a peaty-boggy oligotrophic substrate, or more rarely heavily waterlogged, 
oligotrophic and acidic-humic mineral soils, are key requirements for this vegetation type. 

Dominant species include Betula pubescens s.l. (in regions B. pubescens subsp. carpatica, B. pubes-
cens subsp. czerepanovii) in the tree layer, often Molinia caerulea in the herb layer, and on occasion 
also Vaccinium myrtillus, V. uliginosum, as well as Sphagnum and Polytrichum species in the moss 
layer. Although no character species can be designated, the downy birch carrs do indeed have a 
characteristic structure and species combination: in the tree layer Pinus sylvestris often joins the 
downy birch (more so to the east and north). On oligo-mesotrophic sites with swifter running water, 
low growing Alnus glutinosa also occurs, while in less wet areas Quercus robur occasionally ap-
pears. Frangula alnus is the most important species of the sparsely developed shrub layer, with spo-
radic occurrences of Sorbus aucuparia, Salix aurita, and in the Atlantic region Myrica gale. The 
herb layer of the birch carrs is not only species-poor, but also lower and more open as a rule than 
that of alder carrs. Molinia caerulea is the most striking species, and quite often also Dryopteris 
carthusiana. Further acidophilous species include Deschampsia flexuosa, Melampyrum pratense, 
Vaccinium myrtillus, V. vitis-idaea, V. uliginosum and Calluna vulgaris. Nutrient-undemanding fen 
and swamp plants include Erica tetralix (in the west), Carex nigra, C. canescens, Lysimachia vul-
garis, Agrostis canina and Peucedanum palustre, while bog forests feature Eriophorum vaginatum, 
Vaccinium oxycoccus, Andromeda polifolia, Empetrum nigrum, Lycopodium annotinum, and Ledum 
palustre (in the east). Lonicera periclymenum, Oxalis acetosella or Trientalis europaea are differen-
tial species of certain variants. The moss layer of birch carrs and bog forests is highly characteristic 
with Sphagnum palustre, S. fimbriatum, S. fallax, S. squarrosum etc., and often also Polytrichum 
commune, P. strictum and Leucobryum glaucum. 
 
Site conditions and distribution 

The downy birch carrs occur in wet, boggy depressions on oligotrophic sand, clay and silicate 
soils, and at the edges of oligotrophic or dystrophic lakes or raised bogs (lagg, marginal slopes), 
so that one can often also speak of swamp or bog forest. Its main range is in the precipitation-rich 
(north-)west European lowlands in the distribution area of ombrogenous bogs; however, the unit 
has also been revealed and depicted up to the foothills of the Alps and in mountainous areas at 
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altitudes of up to 1100 m, as well as in southern Scandinavia, Poland, Belarus, the Baltic states 
and north-western Russia, sometimes over large areas, although usually mixed with conifers 
(Pinus, Picea) in these latter areas. 

Downy birch carrs and swamp forests naturally occupy a considerably smaller range with a much 
smaller expanse than do alder carrs, possibly never having settled substantial sized areas as per-
manent communities. For this reason they could only be rarely depicted in the maps. 
 
Geographical differentiation 

The forest communities dominated by downy birch have in all an Atlantic-boreal character with 
characteristic floristic elements such as Erica tetralix, Myrica gale and Lonicera periclymenum as 
Atlantic elements as well as Trientalis europaea, Vaccinium and Eriophorum species as boreal 
elements. The downy birch forests experience an eastward modification due to participation of 
Ledum palustre and an increase in pine (Pinus sylvestris) as a transition form to pine bog forest 
(Vaccinio uliginosi- or Ledo-Pinetum). In the north, Picea abies and/or Pinus sylvestris appear as 
admixture, while in Central European montane areas Pinus rotundata and P. mugo also occur and 
birch carrs are replaced by spruce, bog pine or mountain pine bog forests. Downy birch stands 
then only act as successional stages, as they are also known to do elsewhere. 
 
Position in the vegetation complex 

Adjacent communities include alder carrs with a high proportion of downy birch (Sphagno palus-
tris-Alnetum Allorge ex Lemée 1939) as well as acidic, oligotrophic small sedge reeds (Scheuchze-
rio-Caricetea fuscae Tx. 1937) where transitions occur to oligotrophic fens, ombrotrophic bogs, 
Atlantic Erica heaths and moist birch-pedunculate oak or pine-oak forests. Accompanying zonal 
forest communities include acidic birch-oak and oak-beech forests in the lowlands, pine and pine-
oak forests to the east, and beech or spruce forests to the north and in the mountains. 
 
State of preservation, substitute communities; nature conservation 

After draining, many natural sites were afforested with spruce or pine or utilised as grasslands (for 
pasturing) after extensive and deep amelioration. 

In most cases the downy birch carrs have been damaged severely by extensive bog drainage and 
other destruction so that their status is now endangered; however, downy birch forests can also 
reappear on degraded, drained or peat-excavated bog areas as secondary forests (also with transi-
tions to alder forest) to the effect that such formerly ombrogenous bog areas can now be included 
as a group in their own right. Considering their current rarity, both primary and secondary birch 
carrs are highly worthy of protection as natural elements of oligotrophic mires and important 
regulators of the landscape water balance. 
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T.3 Vegetation complexes on degraded lowland raised bogs 

(following texts written by J. Cross and J.S. Rodwell) 

Physiognomy and floristic composition 

Vegetation mosaics consisting of moist to wet downy birch forests and wet heaths (T5), wet wil-
low-alder-birch forests and fens (T6), or combinations of all the named vegetation forms (T7) are 
characteristic for degraded raised bog areas that are more or less cleared of peat and sometimes 
cultivated. The current as well as the potential natural vegetation form a colourful, varied mosaic 
as a result of the pronounced local differences in the thickness of the remaining peat layer, the pH-
value, the degree of drainage, the type of the mineral subsoil which now often forms the surface, 
the nature of earlier land use, and the neighbouring vegetation types. 

In the semi-natural forest stands, the tree layer is formed by Betula pubescens and sometimes also 
Salix atrocinerea, where Alnus glutinosa and rarely even Fraxinus excelsior may also appear in 
areas with more nutrient-rich or calcareous mineral soils. The shrub, herb and moss layers consist 
of species that inhabit birch carrs and swamp forests, to which elements of alder carrs can also be 
added under favourable site conditions. The Atlantic species Myrica gale, Osmunda regalis, Erica 
tetralix and Narthecium ossifragum are geographically important floristic elements; Sphagnum 
species and Calliergon giganteum are characteristic bryophytes. 

With decreasing groundwater influence, plants of oligotrophic sites start to emerge. The dominant 
Betula pubescens often grows only in scrub form here, and the species diversity of the herb layer 
is reduced. Molinia caerulea, Juncus effusus, Carex echinata, Calluna vulgaris, Dryopteris dila-
tata and Blechnum spicant are diagnostically important, and in addition Erica tetralix, Eriopho-
rum angustifolium and E. vaginatum can also occur locally. 

Often well developed downy birch forests with Ilex aquifolium, Sorbus aucuparia and sometimes 
also Quercus robur appear on drained peat. Their shrub layer consists of different willows (Salix 
aurita, S. atrocinerea, S. cinerea, S. caprea), and the species-poor herb layer is often dominated 
by Rubus fruticosus and Pteridium aquilinum. 

Together with their complexity, the participation of secondary or even semi-natural Atlantic 
heaths, raised bog remnants or regeneration stages, and fen and dwarf shrub communities in com-
bination with very labile site conditions is characteristic for the three mapping units of degraded 
bog habitats. For this reason, the future course of vegetation development is hard to predict. 
 
Site conditions and distribution  

These forest units occur on more or less cut off and drained raised bogs in which the soil properties 
can vary substantially. The thickness of the remaining peat layer can vary from over 1 m to a few cen-
timetres, or it can even be completely absent. Acidic sands to calcareous clays may occur as the min-
eral soil substrate with pH-values of < 4 to > 7. The soils may be permanently flooded or waterlogged 
on the one hand, or well drained and relatively dry on the other. The climatic spectrum ranges from the 
oceanic central Ireland and north-western Germany to the drier, suboceanic eastern England. 
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The three mapping units are restricted to the distribution area of the Atlantic lowland raised bogs, 
which have been drained over large areas and mostly excavated for peat winning. Their distribu-
tion strongholds are in central Ireland, in England (especially near the coast), as well as in the 
north-west German lowlands. Unit T5 occurs in northern England, southern Scotland and Ireland 
on still relatively thick, drained peat layers, but has also been mapped on the European mainland 
in the area served by the lower courses of the Ems, Weser and the Elbe. Unit T6 dominates on cal-
careous or nutrient-rich substrates in western and eastern England as well as in central Ireland, but 
is completely absent from the European mainland, as is the mixed unit T7 which is totally re-
stricted to central Ireland. 
 
Nature conservation 

The secondary forests as degraded raised bog substitute communities deserve special protection 
regarding their plant and animal life in extremely deforested landscapes, particularly in the British 
Isles, while in Ireland these forests are relatively common and will presumably spread even fur-
ther. Unit T5 is locally protected in Ireland in connection with raised bog nature reserves. In Ger-
many and the Netherlands it plays an important role in the devastated raised bog areas of the low-
lands in the preservation of raised bog remnants and in bog regeneration. Unit T6 is clearly richer 
in species and vegetation types and forms a refuge habitat for many rare species in the British 
Isles (e.g. protected areas in the Norfolk Broads and the Somerset Levels). 
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U Vegetation of floodplains, estuaries, fresh-water polders and other moist or 
wet sites 

Zdenka Neuhäuslová, with contributions by Udo Bohn & Alfons Henrichfreise 

Characterisation and typological delimitation; geographical distribution 

This formation of riverside biocoenoses and intermittently moist to wet lowlands includes physi-
ognomically and floristically very heterogeneous azonal vegetation types that have in part the 
capacity to change rapidly both over time and with regard to the space they occupy. They are 
more or less hygrophilous, periodically to episodically flooded coniferous, mixed coniferous-
broadleaved and especially broadleaved floodplain forests as well as scrub, often combined with 
tall reed, grassland, perennial herb and annual vegetation. 

The mapping and delimitation of this formation within today’s cultivated landscape depends on the 
extent of alluvial sediments, which at least over considerable parts are still periodically flooded. 

The formation is distributed throughout the whole of Europe from the southern Arctic to the 
Mediterranean and the deserts at the Caspian Sea; it also occurs at varying altitudes (cf. also Map 
20). However, at the scale of the maps provided it is not visible in the narrow mountain range 
valleys. 
 
Stand structure, physiognomy and floristic composition 

With few exceptions, woody plants determine the structure and the life-forms in the floodplain 
vegetation. Of these, deciduous broadleaved trees (Salix, Populus, Ulmus, Fraxinus, Alnus 
species, Prunus padus and Quercus robur) are the most frequent, and more rarely conifers (in the 
north of Europe and in the mountains) or evergreen hardwoods (as companions or stand forming 
in the winter-mild Mediterranean floodplains) occur here. Hemicryptophytes and geophytes are 
regularly present. The latter play an important role particularly in the (early) spring aspect of the 
floodplain forests on nutrient-rich soils. For floodplains in more humid and warm areas, lianas 
that sometimes grow up to the tree tops are characteristic, while chamaephytes are practically 
absent. Therophytes are common particularly in Mediterranean floodplains and arid areas. Meso-
phytes, hygromesophytes or amphiphytes may prevail depending on the water balance. 

Most plants and plant communities of floodplains are adapted to mechanical stress from water 
flow as well as substantial fluctuation in water levels with frequent changes due to inundation: 
with flooding in the winter, spring, and also in early summer within alpine catchment areas, and 
dry periods in the summer and autumn. They are able to survive such events without permanent 
damage, or if damaged they can regenerate rapidly. 

The mapping units of the floodplain vegetation always represent vegetation complexes which 
change dynamically over time and with regard to the space that they occupy. They comprise eco-
logical series of plant communities either with distinct boundaries or gradual transitions (eco-
tones). The mapping units are characterised especially by the final stages of the ecological-
dynamic succession series, and only the most important links in this series are provided in the 
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legend. Within one group of mapping units, the dominant species of the tree and shrub layers are 
often similar or sometimes almost identical, and the individual mapping units differ only with 
regard to their specific vegetation complexes, especially with regard to the accompanying vegeta-
tion and/or geographical differential species. 

The European floodplains depicted in the map contain the following vegetation types that differ 
from each other physiognomically and ecologically: i.e. hardwood, softwood and coniferous 
floodplain forests and scrub, reed beds, grass- and herb-rich vegetation as well as aquatic plant 
communities. 

The floodplain forests in northern, western, Central, southern and eastern Europe can be clearly 
differentiated physiognomically and floristically. In the boreal floodplains, conifers (Picea abies, 
P. abies x P. obovata, P. obovata, Abies sibirica) in addition to frost-resistant broadleaved tree 
species (Alnus incana, Betula pubescens, certain shrub willows) play a decisive role. For the east 
European and pre-Uralian floodplain forests, pedunculate oak and small-leaved lime (Quercus 
robur, Tilia cordata) are characteristic constituents in addition to the conifers and broadleaved 
trees already mentioned. In the south of Europe poplars (Populus alba, P. nigra), ashes (Fraxinus 
angustifolia s. l.), field elm (Ulmus minor), oaks (Quercus robur as well as Q. pyrenaica, Q. ca-
nariensis, Q. pedunculiflora, Q. pubescens, or Q. hartwissiana depending on area), as well as 
plane trees (Platanus orientalis) in the deep south, are the stand-forming trees. 

Natural floodplain forests in the nemoral zone of Europe represent, as their structure and opulent 
growth might suggest, a temperate analogue to tropical rain forests. The following features are 
common to both of these formation types: 

(1) Multi-layered structure with numerous woody plant species, (2) a tree layer with an irregular 
crown cover and canopy, (3) shrubs, (4) in warmer areas, frequent and often strongly lianas, (5) 
luxuriant regeneration stages. 

As the woody species composition varies locally according to groundwater levels as well as the 
frequency, duration and level of flooding, floodplain forests can in fact be subdivided for the most 
part into softwood (deep-lying, frequently flooded areas dominated by poplars and/or willows) 
and hardwood floodplain forests (higher-lying, more rarely and shorter flooded areas with prevail-
ing oaks, elms and ashes). 

Alluvial scrub without any appreciable tree participation can be found both in the southern arctic 
as well as in the Mediterranean zones. Both differ strongly, however, regarding physiognomy and 
particularly species composition. In the southern arctic zone of the lower reaches of the Pechora, 
willow scrub (Salix phylicifolia, S. hastata, S. lanata, Alnus fruticosa) is typical, while in the 
Mediterranean tamarisk and oleander alluvial scrub are characteristic (Tamarix parviflora, T. 
tetrandra, T. hampeana, T. africana and Nerium oleander). In the area of the Danubian-Pontic 
and Caspian steppes and deserts, Tamarix ramosissima and Elaeagnus angustifolia occur. 

More extensive natural tall reed, grassland and perennial herb vegetation are found only in the 
broad floodplains of the east European lowland rivers (Don, Volga/Achtuba, Ural), where long 
lasting floods in the spring combined with a continental climate and dry summers prevents the 
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development of a continuous, closed forest vegetation. Small natural swamp meadows in the bo-
real zone have been mapped only in combination with alluvial scrub. Extended wet meadows 
simply represent substitute communities of alluvial forests created by man. Natural alluvial grass-
lands and tall herb vegetation occur in nemoral floodplain vegetation complexes only as very 
small temporary stands. In backwaters and flood channels typical of alluvial plains, aquatic plant 
communities of differing prominence and floristic composition as well as temporary vegetation of 
annuals are regularly encountered. 

European floodplain vegetation as a whole has only a few species common to all units. These are 
mainly (northern) Eurasian species such as Phalaris arundinacea and Filipendula ulmaria, as 
well as ecologically and phytocoenotically highly adaptable species such as the circumboreal Poa 
pratensis agg., Equisetum arvense amongst others. Overviews of the most important common and 
differential species of the individual mapping units can be found in Tables 19 to 21. 
 
Position in the phytosociological system (syntaxa) 

The formation can be assigned phytosociologically to the following syntaxa: 

1. The alliance Alnion incanae Pawłowski in Pawłowski, Sokołowski & Wallisch 1928 (Syn.: 
Alno Padion Knapp 1942, Alno-Ulmion Braun-Blanquet et Tüxen 1943), to which most flood-
plain forests of the nemoral zone (U.3) belong, i.e. hardwood alluvial forests (U.3.1), alder-ash 
and alder-pedunculate oak forests of the small river valleys and wet lowlands (U.3.2), pedun-
culate oak-ash and ash-elm forests of fresh water polders (U.3.3), and southern boreal Scandi-
navian alluvial forests (U4). 

2. The order Populetalia albae Br.-Bl. 1931 with various poplar (Populus alba, P. nigra) and 
willow species (Salix pedicellata, S. atrocinerea, S. gussonei), Platanus orientalis and certain 
ashes (Fraxinus angustifolia s.l.) in the sub-Mediterranean area of Europe. 

3. The class Salicetea purpureae Moor 1958 with temperate to continental (Pontic-Caspian) 
softwood alluvial forests and willow scrub (U20, U42), with tree and shrub willows (Salix 
alba, S. fragilis, S. viminalis, S. triandra, S. acutifolia etc.) on frequently flooded sites with 
poorly developed soils. 

4. The class Nerio-Tamaricetea Br.-Bl. et O. de Bolòs 1958 with Mediterranean tamarisks and 
oleander scrub (U37, U38, U39) along temporarily dried out rivers and streams in the Mediter-
ranean area (with Tamarix gallica, T. africana, Nerium oleander and Vitex agnus-castus). 

5. The class Vaccinio-Piceetea Br.-Bl. in Braun-Blanquet, Sissingh et Vlieger 1939 with conifer 
species (Picea abies x P. obovata, P. obovata, Abies sibirica) and other boreal shrubs and 
herbs in the taiga zone of Europe (U2, U3, U5, U6). 
 

Macroclimatic factors 

The formation is distributed as an azonal vegetation type (at least in the nemoral zone) in regions 
that are climatically very heterogeneous. Macroclimatically, pronounced variations can be seen 



Map of the Natural Vegetation of Europe Formation U 
 

 473  

due to the wide range of the European floodplain vegetation, since it spreads from the southern 
arctic and boreal zones in the north through the nemoral zone with (sub-)Atlantic and 
(sub)continental variants to the Mediterranean southern and continental south-east Europe. 

Clear climatic differences exist particularly between the southern arctic floodplains and the re-
maining types of floodplain vegetation (the mean annual temperature in the southern Arctic is 
from -10 to -4 °C, the mean temperature of the coldest month is between -16 and -12 °C). 

Low mean annual temperatures are typical also for the boreal floodplains (-3.5 to +2 °C). The 
absolute annual minimum lies in all cases lower than -40 °C, sometimes even lower than -50 °C, 
but regarding the mean temperatures of the warmest month, clear differences can be observed 
within the boreal zone. 

The climate of the nemoral floodplain vegetation, which covers a broad strip from southern Sweden 
to Transcaucasia, as well as from the European Atlantic coast to the Urals and the Caucasus, devi-
ates significantly from the norm in different parts of Europe, a fact which is also reflected by varia-
tions in species composition. A winter-mild climate is characteristic for the floodplain vegetation of 
the (sub-)Atlantic region, of the Po plain, and for the Apennine-Balkan hardwood alluvial forests. 
For the floodplain vegetation of Cis- and Transcaucasia, a long summer drought period is typical, as 
is an exceptionally low annual precipitation (250-350 mm) for the latter region. Major extremes in 
temperature characterise the trans-Volgian hardwood alluvial forests (U13), where the mean tem-
perature of the warmest month reaches 22-25 °C, and that of the coldest month -17 to -13 °C; the 
average annual precipitation again is very low (300-400 mm). In the Atlantic region and in the Alps, 
annual precipitation reaches 1000-1200 mm in valleys with floodplain vegetation. 

The climate of the Mediterranean-sub-Mediterranean wet lowland and alluvial forests is charac-
terised by high mean annual temperatures (mostly between 11-20 °C) as well as high temperature 
averages for the warmest (mostly >20-27 °C) and coldest months (mainly >5-12 °C). 

The areas with continental floodplain vegetation show major temperature extremes, with large 
variations between the temperature levels of the warmest (22-25 °C) and the coldest months (-10 
to -3 °C). 
 
Site conditions 

The natural floodplain and moist lowland vegetation is confined to periodically or episodically 
flooded alluvial plains of rivers as well as periodically moist to wet, and sometimes primarily 
groundwater-influenced habitats. It is specially adapted to the erosion-deposition dynamics of  
streams and rivers. It occurs not only in broad valleys at the lower and middle courses of rivers, 
but also in narrow floodplains in uplands and high mountain ranges (in the Alps it can reach as 
high as 1000 m). 

Very differing ecological conditions prevail in the various sections of rivers and streams between 
their springs and estuaries. The most important factors determining the development of floodplain 
vegetation are the water regime of a river and the specific water balance of the alluvial soils, espe-
cially the influence of flooding (season, duration, height, frequency), erosion and deposition. 
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Thus, in the narrow, gravely and rocky floodplains of the cool high mountain valleys with swift 
streams, completely different alluvial communities can be found compared to those occuring in the 
climatically more favourable alluvions of the lowlands or those on sandy to clayey sediments in the 
river deltas. Also, within short stretches of rivers a great variety of different natural floodplain com-
munities occur, depending on the distance from the river course, the extent and type of removal and 
deposition of alluvial deposits, the influence of regularly recurring high and low water levels, the 
season of the year, and the level and duration of flooding. In each case there is a floodplain specific 
ecological sequence of plant communities from the river course to the edge of the floodplain (cf. the 
floodplain profile of Pedrotti & Gafta 1996, as well as Figures 16-23). 

The individual types of alluvial vegetation are characterised by their site conditions. The alluvial 
soils differ regarding soil texture (shingle, gravel, sand, loam, clay), absolute age, developmental 
age, colour (whitish, light, dark to brownish-grey, ochre, brown, rust-coloured, black), water balance 
(from continuously swampy-wet to freely draining and periodically dry soils) and trophic state. The 
pH of the soils is also very wide for the alluvial communities: it ranges from strongly acid to alka-
line. In addition, humus content and form also vary widely. Most alluvial soils are nutrient-rich, and 
only weakly developed raw alluvial soils in lime-deficient mountain ranges and sandy locations 
have a low nutrient content. In floodplain areas, where accumulation is balanced by (or supercedes) 
the erosive activity of the river, flooding acts as a ‘fertiliser’ and stimulator of microbial activity. 

In floodplains, a range of soil types usually closely related to certain types of floodplain commu-
nities can be found (cf. characteristics of the individual mapping units): alluvial soils with terres-
trial humus formation and different degrees of weathering (chemically little weathered grey Pater-
nia or rendzina-like Borovina, black earth-like smonitza or chemically strongly weathered Vega), 
poorly weathered raw alluvial soils (Rambla) without a clear humus horizon, peaty floodplain 
soils or gley soils with  terrestrial humus formation (mull humus gley, brown gley). 
 
State of preservation, land use, substitute communities; nature conservation 

As a whole, the floodplains of Europe number amongst the most endangered and threatened of all 
European ecosystems. Greater attention has therefore been paid to their recent preservation and 
renaturalisation (cf. GÉHU 1980 [1984], HENRICHFREISE 1996, 2001, HÜGIN & HENRICHFREISE 

1992). The wider floodplains were already visited by man in the Neolithic period from time to 
time, where the alluvial forest was grazed, cleared and converted either into grassland or arable 
land. Such processes led to increased soil erosion. 

Agricultural utilisation over the centuries has reduced the natural floodplain vegetation in most 
areas to just a few small remnants. Forestry has also played a negative role in altering the remain-
ing floodplain forests through severe alterations in the tree species composition. For economic 
reasons, rapidly growing trees such as American poplars (Populus x canadensis cv. ‘Serotina’, P. 
deltoides, P. x canadensis cv. ‘Robusta’), black walnut (Juglans nigra), American red oak (Quer-
cus rubra), maples (Acer platanoides, A. pseudoplatanus), and ash (Fraxinus excelsior) have been 
cultivated frequently in lowlands and colline areas, while spruce (Picea abies) has been cultivated 
in the mountains. Elms (Ulmus minor, U. laevis) are disappearing after the outbreaks of Dutch 
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elm disease (graphiosis), at least in tree form from the floodplain forests. Such interventions have 
left clear scars on the overall character of the floodplain forests, so that large expanses of natural 
or near-natural floodplain vegetation are now seldom encountered. 

However, the biggest interference to alluvial habitats and indigenous floodplain vegetation has 
arisen from waterway engineering (river straightening, regulation and damming of rivers and 
streams, and, particularly disruptive, barrage construction). In some cases, there has been a com-
plete destruction of all typical floodplain plant communities (HÜGIN 1980 [1984]). In the absence 
of regular alternation of overflooding and falling dry, the alluvial communities die or develop into 
other, non-alluvial forest communities: e.g. pedunculate oak-ash and oak-elm floodplain forests 
turn into pedunculate oak-hornbeam forests. 

Considering the fact that the water and nutrient balance prevailing in most European river flood-
plains has been severely altered by man, only a fraction of such areas appearing on the map as 
alluvial vegetation (according to the former situation) can actually be considered as potential allu-
vial ecosystems. 

However, the potential for renaturalisation and regeneration through restoration of a near-natural 
water regime (e.g. by dismantling dykes and barrages) with its natural erosion and sedimentation 
dynamics still exists in most cases. However, with the dyked, reclaimed and initially forest-free 
marshes (U28) it can be assumed that the present water balance will remain in the long-term. 
 
Classification into subunits 

The subdivision of the formation in the legend of the vegetation map of Europe is based on the 
following aspects: 

The main categories of this formation following a zonal differentiation from north to south are 
southern arctic alluvial scrub (U.1), boreal floodplain forests (with a high proportion of conifer 
species, U.2), nemoral alluvial and wet lowland forests, largely without conifers (U.3), Mediterra-
nean-sub-Mediterranean wet lowland and alluvial forests and scrub, with evergreen species (U.4), 
and continental softwood alluvial forests and tamarisk alluvial scrub (U.5). 

Further subdivision was made according to subzones for the boreal floodplains, and according to 
specific site factors and vegetation complexes for the nemoral floodplains and wet lowlands. 
 
U.1 Southern arctic alluvial scrub (Salix phylicifolia, Alnus fruticosa) (U1) 

This scrub-dominated floodplain vegetation is linked to the northernmost part of European Russia 
north of the arctic circle. Cold-insensitive willow and alder scrub (Salix phylicifolia, S. glauca, S. 
hastata, S. lanata, Alnus fruticosa) sets the tone in these two-layered communities. Heliophilous 
grasses and sedges dominate in the herb layer. The arctic climate of these floodplains surrounded 
by tundra vegetation excludes the presence of trees. The southern arctic alluvial scrub is only rep-
resented by a single mapping unit (U1) representing a vegetation complex of alder-willow scrub 
and moist meadows with Calamagrostis langsdorffii as well as sedge swamps with Carex 
aquatilis (see Figure 16). Their state of preservation is generally good. 
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Figure 16: South arktic flood plain (U1). Ecological profile of the flood plain of the river Vorkuta (near 
Vorkuta) (based on PRJANIŠNIKOV 1961, slightly modified). 

 I RIVER-SIDED FLOOD PLAIN; II CENTRAL FLOOD PLAIN; III TERRACE-SIDED FLOOD PLAIN  
 a) Alopecurus pratensis-Calamagrostis langsdorffii-Carex aquatilis community 
 b) Alopecurus pratensis-Salix hastata-S. phylicifolia community 
 c) Achillea millefolium-Salix viminalis-S. phylicifolia community 
 d) Vaccinium uliginosum-Salix hastata community 
 e) Carex cespitosa-Salix phylicifolia community 
 f) Hylocomium splendens-Salix hastata-Betula nana community 
 g) (16) Palsa mire complex (with Rubus chamaemorus, Empetrum hermaphroditum, Sphagnum 

fuscum and Cetraria nivalis on palsas; Eriophorum russeolum, Carex rotundata, C. rariflora, 
Sphagnum lindbergii in bog pools) 

 h) (15) Lichen tundra 
 i) (14) Hummock-dwarf birch tundra 
 1. Salix hastata, 2. Salix phylicifolia, 3. Salix viminalis, 4. Betula nana; 5. Dryas punctata, 

Vaccinium uliginosum, 6. Alopecurus pratensis, 7. Festuca ovina, 8. Calamagrostis langsdorffii, 9. 
Equisetum arvense, 10. Galium boreale, 11. Carex cespitosa, 12. Carex aquatilis; 13. Mosses; 

 17. Permafrost table 
 
 
U.2 Boreal alluvial forests (U2-U6) 

The floodplain forests of this group occur in alluvial plains in the coniferous forest zone between 
approximately 57˚ and 67˚ N in Russia and Scandinavia. In the group of the boreal alluvial for-
ests, 5 mapping units can be distinguished: i.e. two north to middle boreal and three southern to 
boreal units. Coniferous forests stand at the end of the ecological-dynamic succession series of 
alluvial communities in the boreal floodplains. Mixed forests consisting of willows, downy birch 
and grey alder (and sometimes also spruce) are typical for young sites as well as wet depressions 
and gullies. At the southern boundary of the boreal floodplains, Quercus robur, Tilia cordata and 
Ulmus laevis also occur as tree species. 

The simple structure of the boreal alluvial forests allows a basic subdivision into northern to mid-
dle boreal with coniferous forests predominating (U.2.1 with 2 mapping units) and southern bo-
real alluvial forest complexes in which coniferous, mixed deciduous and broadleaved alluvial 
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forests can appear in similar proportions (U.2.2 with 3 mapping units). 

In the northern to middle boreal alluvial forests the boreal broadleaved species Betula pubescens 
s. l., Alnus incana, and Salix myrsinifolia are typical. The north Russian spruce and mixed broad-
leaved alluvial forests occurring at the Dvina (U2) can be distinguished from the pre-Uralian allu-
vial forests by the occurrence of Picea abies x P. obovata and Lonicera pallasii, while the pre-
Uralian alluvial forests (U3) are characterised in turn by the presence of Abies sibirica and Picea 
obovata; ferns and tall herbs such as Matteuccia struthiopteris, Thelypteris palustris, Aconitum 
lycoctonum subsp. lycoctonum etc. (see Figure 17) are also typical. 

Figure 17: Northern boreal alluvial vegetation (U3). Ecological profile through the Kos‘ju valley northeast of 
Pečora (based on PRJANIŠNIKOV 1961). 

 I river-sided flood plain; II central flood plain; III terrace-sided flood plain 
 a) Calamagrostis langsdorffii-Salix viminalis community 
 b) Phalaris arundinacea-Salix viminalis community  
 d) Filipendula ulmaria-Phalaris arundinacea community  
 e) Carex cespitosa-Salix phylicifolia community 
 f) Geranium albiflorum-Calamagrostis langsdorffii community  
 g) Calamagrostis langsdorffii-Betula pubescens subsp. czerepanovii-Picea obovata-forest 
 h) Hylocomium splendens-Calamagrostis langsdorffii-Picea obovata forest 
 i) Equisetum arvense-Picea obovata forest 
 k) Hylocomium splendens-Vaccinium myrtillus-Picea obovata forest 
 l) (16) Aapa mire complex (with Trichophorum cespitosum, Sphagnum papillosum on ridges; Carex 

limosa, Menyanthes trifoliata, Sphagnum annulatum in bog pools) 
 1. Picea obovata, 2. Betula pubescens subsp. czerepanovii, 3. Salix phylicifolia, 4. Salix viminalis, 

5. Vaccinium myrtillus, V. vitis-idaea, 6. Calamagrostis langsdorffii, 7. Milium effusum, Melica 
nutans, 8. Phalaris arundinacea, 9. Equisetum arvense, 10. Galium boreale, 11. Geranium 
albiflorum, 12. Filipendula ulmaria, 13. Ranunculus acris, 14. Carex cespitosa, 15. Bryophytes, 16. 
Aapa mire complex, 17. Present riverbed  

 
 
Apart from the above mentioned tree species of the northern to middle boreal floodplain forests 
Quercus robur and Tilia cordata can be found in the southern boreal alluvial forests. The first 
species occurs both in the west Russian (U5) as well as the pre-Uralian alluvial forests (U6), while 
Tilia cordata is typical for the southern boreal pre-Uralian alluvial forests. 

The Scandinavian grey alder forests (U4), a southern boreal vicariant of the alpic Central Euro-
pean grey alder alluvial forests (U27), occupy a special position within the framework of the 
southern boreal floodplain forests. South boreal alluvial forests are also distinguished by the fre-



Formation U Map of the Natural Vegetation of Europe 
 

478  

quent occurrence of Prunus padus s. l. and Betula pubescens s. l. in the tree layer, Ribes spicatum 
and Salix cinerea s. l. in the shrub layer and Calamagrostis purpurea, Equisetum pratense, Carex 
vaginata and Malaxis monophyllos in the herb layer. In this mapping unit of the south boreal 
floodplain forests, deciduous broadleaved trees are clearly dominant. 

Most boreal alluvial forests have been cleared, and their sites have partly been drained and used as 
meadows, or less often for arable farming. For this reason, all still existing alluvial forest rem-
nants which are faced increasingly with anthropogenic intervention (particularly clearance) are 
especially worthy of protection. 
 
U.3 Alluvial and wet lowland forests in the nemoral zone (U7-U28) 

These azonal forests are characterised by the dominance of deciduous broadleaved trees. They 
occur from the Atlantic (approx. 10˚ W) up to the Urals (57˚ E), and from Denmark (57˚ N) to 
Transcaucasia (40˚ N) (see Map 20). 

The nemoral alluvial and wet lowland forests are the prevailing alluvial vegetation in Europe 
both with respect to distribution area and the number of units (in all 22 mapping units). They can 
be classified according to water regime and balance as well as vegetation complexes into the fol-
lowing three subgroups: 

– Hardwood alluvial forests in combination with softwood alluvial forests and wet lowland for-
ests of large river valleys (U.3.1 with 16 mapping units), 

– Alder-ash forests and alder-pedunculate oak forests of small river valleys and wet lowlands in 
combination with moist oak-hornbeam forests and alder carrs, partly with grey alder and syca-
more-ash forests (U.3.2 with 5 mapping units) 

S The vegetation of estuaries and freshwater polders (U.3.3 with 1 mapping unit) falls somewhat 
out of the scope of this account, since in the estuaries and coastal areas practically no flooding 
occurs any more on large areas due to dyking, and since the habitats were originally incapable 
of supporting forests and were never for the most part covered by woodland. The current po-
tential natural vegetation is therefore quite hypothetical and uncertain, but in view of the site 
conditions as well as our current knowledge on species composition of planted and spontane-
ously arising vegetation, nitrophilous hardwood alluvial forests and alder-ash forests would be 
the most likely vegetation types. 

 
U.3.1 Hardwood alluvial forests (Quercus robur, Ulmus laevis, U. minor, Fraxinus spp.) in 

combination with softwood alluvial forests (Salix alba, S. fragilis, Populus nigra. 
P. alba) and wet lowland forests, sometimes only softwood alluvial forests, of larger 
river valleys (U7-U22) 

The alluvial forest communities designated as hardwood alluvial forests colonise the middle to 
the highest locations of broad floodplains in the middle and lower reaches of rivers that are usu-
ally flooded periodically to episodically. They are rich in growthy, long-living tree species (par-
ticularly oak, ash and elm species). Their herb layer resembles that of mesophytic deciduous 
broadleaved forests of formation F. Shade-bearing forest species predominate. In contrast to the 
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softwood alluvial forests, therophytes as well as non-forest species of wet to flooded habitats 
(reed species, large sedges etc.) are almost completely missing. The geophyte-rich early spring 
aspect is usually colourful and luxuriant. Nitrophilous perennial herbs play an important role in 
the summer aspect. Bryophytes usually occur only sparsely. The life span of the main tree species 
is the highest amongst all alluvial communities. 

Hardwood floodplain forests colonise loamy, sandy-silty to clayey alluvial soils of different 
thickness. Groundwater level is on average more than 1 m below the surface. Nutrient-rich, 
strongly chemically-weathered soils prevail (brown vega, brown gley) with favourable aeration 
conditions. (e.g. MÜCKENHAUSEN 1993, HÜGIN 1980 [1984], HENRICHFREISE & KRAUSE 2001). 

Because of their suitability and profitability for grassland, sugar beet or vegetable cultivation, 
many sites with rare summer flooding have long been utilised for agricultural purposes. 

Hardwood alluvial forests do, however, have an important ecological function in the landscape: 
they are characterised by a high growth and regeneration capacity, positively influence the meso-
climate of the valley plains, offer protection against the drying effects of wind to the neighbouring 
open fields, protect banks and soils against water erosion, and serve to retain water and to slow 
down the run-off during flooding. 

The following interventions have proven particularly interfering to them: river straightening and 
water level regulation, barrage construction, alluvial plain drainage, and cultivation of non-native 
woody plants (resulting in degeneration of the herb layer to Solidago gigantea, Phalaris or Urtica 
stands). 

The European hardwood alluvial forests are classified into 16 ecologically and geographically dif-
ferentiated mapping units. All these units contain always softwood alluvial forests colonising the 
deeper lying, more frequently and longer flooded areas of river banks, backwaters and flood chan-
nels. In Central Europe, pedunculate oak-hornbeam forests, occuring on the highest located levels or 
no longer flooded areas of floodplains (e.g. due to dyking), belong to the most regularly encountered 
components of the floodplain vegetation. In the broad valleys of the Central and east European low-
lands, alder carrs and swamp forests play an important role as accompanying vegetation. 

The various combinations of vegetation types in the mapping units as well as the phytogeographi-
cal differentiation of hardwood and softwood alluvial forests emerge from the following overview 
(Table 19). 

The only tree species common to all European hardwood alluvial forests is Quercus robur, al-
though Ulmus laevis, U. minor, Fraxinus excelsior, Acer campestre and Alnus glutinosa are also 
very widespread. For western, southern and south-eastern Europe, Fraxinus angustifolia s. l. is 
characteristic, but it is replaced in the south-east by Fraxinus pallisae. Quercus robur is accompa-
nied in the south-east of Europe by Q. pedunculiflora. The Transcaucasian hardwood alluvial for-
ests (U22) are quite strikingly differentiated by their own composition of woody plants. 
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Table 19: Floristic structure of hardwood and softwood alluvial forests in the nemoral zone (lowland) (U.3.1) 
and of the continental softwood alluvial forests and tamarisk alluvial scrub (U.5). 

 
No of the mapping unit U 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 41 42

Location in Europe NW SW W/C E E E E ESE S SSE SSE S/SE SE SE ESE ESE SE ESE

Hardwood alluvial forests                   
Tree layer:                   
Quercus robur x x x d d d x x d x x x x . x . . .
Alnus glutinosa x (x) (x) (x) x x (x) . (x) (x) (x) (x) . (x) (x) . . .
Ulmus minor [U. glabra] [x] (x) x . . . . (x) x x x x x . x x . .
Fraxinus excelsior x x x (x) x . . (x) d (x) . . . . x . . .
Ulmus laevis . x x x x x x x . x . . . (x) . . . .
Acer campestre . (x) (x) . . . . . (x) x (x) (x) x . x . . .
Tilia cordata . . x x x x d . . x . . . . . . . .
Carpinus betulus . (x) x . . . . . (x) x (x) x . . . . . .
Acer tataricum . . . . . . x x . x x . x (x) . . . .
Alnus incana . . (x) . . . . . . (x) . . . (x) x x . .
Quercus pedunculiflora1) . . . . . . . . . x . d d . . x1) . .
Fraxinus angustifolia subsp. danubialis . . . . . . . . . d (x) . d (x) . . . .
Malus sylvestris [subsp. orientalis] . . (x) . . . . . . . . x x . [x] . . .
Salix atrocinerea x x . . . . . . . . . . . . . . . x
Pyrus caucasica . . . . . . . . . . . . . . x (x) . .
Acer platanoides . . . x . . . . . . . . . . . . . .
Acer pseudoplatanus (x) . . . . . . . . . . . . . . . . .
Prunus avium (x) . . . . . . . . . . . . . . . . .
Populus tremula . . . . x . . . . . . . . . . . . .
Betula pendula . . . . x . . . . . . . . . . . . .
Sorbus aucuparia . . . . x . . . . . . . . . . . . .
Fraxinus angustifolia subsp. angustifolia . x . . . . . . . . . . . . . . . .
Fraxinus angustifolia subsp. oxycarpa . . . . . . . . . . . d . . . . . .
Laurus nobilis . . . . . . . . . . . (x) . . . . . .
Fraxinus pallisae . . . . . . . . . . . . d . . . . .
Alnus barbata . . . . . . . . . . . . . . . d . .
Quercus hartwissiana2) . . . . . . . . . . . . . . . d2) . .
Quercus imeretina . . . . . . . . . . . . . . . d . .
Morus alba . . . . . . . . . . . . . . . x . .
Pistacia mutica . . . . . . . . . . . . . . . x . .
Pterocarya pterocarpa . . . . . . . . . . . . . . . x . .
Tilia begoniifolia2) . . . . . . . . . . . . . . . x2) . .
Shrub layer:                   
Rubus caesius . . x . . x x x x x . . x x x . . .
Euonymus verrucosa . . . x x x . x . . . . . . . . . .
Rosa majalis . . . . . x x . x . . . . (x) . . . .
Viburnum opulus x . x . x . . . . . . . . x . . . .
Corylus avellana x . x . x . . . . . . . . . . . . .
Frangula alnus . . . x x . . . . . . . . x . . . .
Prunus padus (x) . . x x . . . . . . . . . . . . .
Crataegus monogyna [C. laevigata] x . [x] . . . . . . . . . . x . . . .
Cornus sanguinea [subsp. hungarica] . . . . x . . . . [x] . . . x . . . .
Cornus sanguinea subsp. australis . . . . . . . . . x . . . . x x . .
Sambucus nigra x . x . . . . . . . . . . . . . . .
Euonymus europaea x . . . . . . . . . . . . . . . . .
Ilex aquifolium   . x . . . . . . . . . . . . . . . .
Ribes rubrum . x . . . . . . . . . . . . . . . .
Ligustrum vulgare . . . . . . . . . . . . . x . . . .
Berberis iberica . . . . . . . . . . . . . . . x . .
Mespilus germanica . . . . . . . . . . . . . . . x . .
Paliurus spina-christi . . . . . . . . . . . . . . . x . .
Punica granatum . . . . . . . . . . . . . . . x . .
Lianas:                   
Hedera helix x x x . . . . . x x x x . . . . . .
Vitis vinifera subsp. sylvestris . . (x) . . . . . . x x x . x x x . .
Humulus lupulus x . x . . . . . . x x . . x (x) . . .
Solanum dulcamara . . (x) . x . . . . x x x . . . . . .
Periploca graeca . . . . . . . . . . . d x x (x) x . .
Tamus communis . . . . . . . . x (x) x x . . . . . .
Smilax aspera [S. excelsa] . . (x) . . . . . . . . x [x] . . [x] . .
Lonicera caprifolium . . . . . . . . x . . x . . x . . .
Clematis vitalba . . x . . . . . . . . . . x . . . . 
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No of the mapping unit U 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 41 42
Rubia peregrina . . . . . . . . x . . x . . . . . . 
Lonicera periclymenum x x . . . . . . . . . . . . . . . .
Echinocystis lobata . . . . . . . . . x x . . . . . . .
Bryonia cretica . . . . . . . . x . . . . . . . . .
Rosa sempervirens . . . . . . . . . . . x . . . . . .
Rubus ulmifolius . . . . . . . . . . . x . . . . . .
Clematis viticella . . . . . . . . . . . x . . . . . .
Vincetoxicum scandens . . . . . . . . . . . . . . x . . .
Herb layer:                   
Convallaria majalis . . . x x x x x x x . . x . . . . .
Carex remota x x . . . . . . . x d x . . . . . .
Aristolochia clematitis . . . . . . . x x x x . . . x . . .
Carex acutiformis x x . . . . . . . x x . . . . . . .
Osmanda regalis x x . . . . . . . . x x . . . . . .
Leucojum aestivum x . . . . . . . . d (x) x . . . . . .
Athyrium filix-femina x . . . x x . . . . . . . . . . . .
Carex strigosa . x . . . . . . . x x . . . . . . .
Polygonatum multiflorum . . x . . . . . x x . . . . . . . .
Carex pendula . . . . . . . . x x . x . . . . . .
Lithospermum purpurocaeruleum . . . . . . . . x x . . . . x . . .
Oenanthe crocata x x . . . . . . . . . . . . . . . .
Allium ursinum x . x . . . . . . . . . . . . . . .
Leucojum vernum . . x . . . . . . . . (x) . . . . . .
Equisetum hyemale . . (x) . . . . . x . . . . . . . . .
Rubus saxatilis . . . . x . x . . . . . . . . . . .
Galium rubioides . . . . . x . . . . . . x . . . . .
Matteuccia struthiopteris . . . . . x . . . . . . . (x) . . . .
Asparagus tenuifolius . . . . . . . . x . . . x . . . . .
Oenanthe banatica . . . . . . . . . x . . . (x) . . . .
Euphorbia palustris . . . . . . . . . . . . x x . . . .
Dryopteris affinis subsp. borreri x . . . . . . . . . . . . . . . . .
Carex riparia . x . . . . . . . . . . . . . . . .
Narcissus pseudonarcissus . x . . . . . . . . . . . . . . . .
Pulmonaria montana . x . . . . . . . . . . . . . . . .
Primula elatior . x . . . . . . . . . . . . . . . .
Helleborus viridis subsp. occidentalis . . (x) . . . . . . . . . . . . . . .
Euphorbia stricta . . (x) . . . . . . . . . . . . . . .
Hyacinthoides non-scripta . . (x) . . . . . . . . . . . . . . .
Lathraea clandestina . . (x) . . . . . . . . . . . . . . .
Asarum europaeum . . . . x . . . . . . . . . . . . .
Maianthemum bifolium . . . . x . . . . . . . . . . . . .
Lathyrus vernus . . . . x . . . . . . . . . . . . .
Heracleum sphondylium subsp. sibiricum . . . . . x . . . . . . . . . . . .
Carex pilosa . . . . . . . . x . . . . . . . . .
Leucanthemella serotina . . . . . . . . . x . . . . . . . .
Viola elatior . . . . . . . . . (x) . . . . . . . .
Genista tinctoria . . . . . . . . . . x . . . . . . .
Pseudostellaria europaea . . . . . . . . . . x . . . . . . .
Equisetum telmateia . . . . . . . . . . . x . . . . . .
Anemone apennina . . . . . . . . . . . x . . . . . .
Lathyrus venetus . . . . . . . . . . . (x) . . . . . .
Carex tomentosa . . . . . . . . . . . . x . . . . .
Asperula taurina . . . . . . . . . . . . x . . . . .
Convallaria transcaucasica . . . . . . . . . . . . . . x . . .
Lysimachia punctata . . . . . . . . . . . . . . x . . .
Lycopus exaltatus . . . . . . . . . . . . . (x) . . . .

Softwood alluvial forests and other 
units of the vegetation complex                   
Tree layer:                   
Salix alba x x x . (x) x x x x x x x x x x x x x
Populus nigra (x) x x . (x) x x x x x x x x x . x x x
Populus alba . . (x) . (x) . . d d d x x x x x . x x
Salix fragilis x x x . . . . . x x . . . . . . . .
Populus x canescens . . . . . . . . . x . x . . x x . .
Populus tremula . . . . x . . . . . . . . . . . . .
Salix x rubens . . . . . . . . . . . . . x . . . .
Salix excelsa . . . . . . . . . . . . . . . d . . 
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No of the mapping unit U 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 41 42
Shrub layer:                   
Salix triandra . . x x x x x x . x x . . . x x . x
Salix viminalis x . x x . x x x . x x . . . . x . x
Salix acutifolia . . . d d d (x) d . . . . . (x) . d . x
Tamarix ramosissima . . . . . . . . . . . . . (x) x d d x
Hippophae rhamnoides . . . . . . . . . . . . . . x x x .
Salix purpurea . . x . . . . . . . . . . . . . . .
Elaeagnus angustifolia . . . . . . . . . . . . . . . . x x
Calligonum aphyllum . . . . . . . . . . . . . . . . . x
Lianas:                   
Solanum persicum . . . . . . . . . . . . . . . . . x
Calystegia sepium . . . . . . . . . . . . . . . . . x
Herb layer:                   
Calamagrostis epigejos . . . . . . . . . . . . . . . . x .
Elymus repens . . . . . . . . . . . . . . . . x .
Hierochloë odorata . . . . . . . . . . . . . . . . x .
Carex melanostachya . . . . . . . . . . . . . . . . x .
Carex praecox . . . . . . . . . . . . . . . . x .
Artemisia absinthum . . . . . . . . . . . . . . . . x .
Artemisia santonicum . . . . . . . . . . . . . . . . x .
Artemisia scoparia . . . . . . . . . . . . . . . . x .
Alder carrs and swamp forests x . x x x x x x (x) x x x . (x) . . . . 
Tree layer:                   
Alnus glutinosa x . x x x x x x (x) x x x . x . . . .
Betula pubescens (x) . . . . x x . . . . . . . . . . .
Shrub layer:                   
Ribes nigrum . . . . x x x . . . . . . . . . . .
Salix cinerea x . . . x . . . . . . . . . . . . .
Herb layer:                   
Carex acutiformis x . . . . . . . . x . . . x . . . .
Carex paniculata x . . . . . . . . . . . . . . . . .
Thelypteris palustris . . . . x . . . . . . . . . . . . .
Carex elongata . . . . x . . . . . . . . . . . . .
Galium rivale . . . . . . x . . . . . . . . . . .
Pedunculate oak-alder forests . . . x x . . . . . . . . . . . . . 
Pedunculate oak-hornbeam forests . . (x) . . . . . x x x x x . . . . . 
Mixed coniferous forests . . . (x) . . . . . . . . . . . . . . 
Tall reed vegetation:  x x x . x x . x x x x x x x x x x x 
Phragmites australis x x x . x (x) . . x x x . x x (x) . . x
Phalaris arandinacea . x . . . . . . . . . . . x . . . x
Oenanthe lachenalii . x . . . . . . . . . . . . . . . .
Oenanthe crocata . x . . . . . . . . . . . . . . . .
Beckmannia eruciformis . . . . x x . . . . . . . . . . . .
Angelica heterocarpa . x . . . . . . . . . . . . . . . .
Typha angustifolia . . . . . . . . . . . . . . . . . x
Typha latifolia . . . . . . . . . . . . . . . . . x
Bolboschoenus maritimus . . . . . . . . . . . . . . . . . x
Carex riparia . . . . . . . . . . . . . . . . . x
Carex acutiformis . . . . . . . . . . . . . . . . . x
Carex acuta . . . . . . . . . . . . . . . . . x
Festuca valesiaca steppes: . . . . . x x x . . . . . . (x) (x) . . 
Stipa pennata  . . . . . x x . . . . . . . . . . .
Stipa tirsa . . . . . x . . . . . . . . . . . . 
Steppe shrubs:                   
Spiraea crenata . . . . . . x . . . . . . . . . . .
Caragana frutex . . . . . . x . . . . . . . . . . .
Halophytic communities . . . . . . x x . . . . . . x x . . 
Lianas:                   
Solanum persicum . . . . . . . . . . . . . . . . . x
Calystegia sepium . . . . . . . . . . . . . . . . . x
Herb layer:                   
Calamagrostis epigejos . . . . . . . . . . . . . . . . x .
Elymus repens . . . . . . . . . . . . . . . . x .
Hierochloë odorata . . . . . . . . . . . . . . . . x .
Carex melanostachya . . . . . . . . . . . . . . . . x . 
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Carex praecox . . . . . . . . . . . . . . . . x . 
Artemisia absinthium . . . . . . . . . . . . . . . . x .
Artemisia santonicum . . . . . . . . . . . . . . . . x .
Artemisia scoparia . . . . . . . . . . . . . . . . x .
Alder carrs and swamp forests: x . x x x x x x (x) x x x . (x) . . . . 
Tree layer:                   
Alnus glutinosa x . x x x x x x (x) x x x . x . . . .
Betula pubescens (x) . . . . x x . . . . . . . . . . .
Shrub layer:                   
Ribes nigrum . . . . x x x . . . . . . . . . . .
Salix cinerea x . . . x . . . . . . . . . . . . .
Herb layer:                   
Carex acutiformis x . . . . . . . . x . . . x . . . .
Carex paniculata x . . . . . . . . . . . . . . . . .
Thelypteris palustris . . . . x . . . . . . . . . . . . .
Carex elongata . . . . x . . . . . . . . . . . . .
Galium rivale . . . . . . x . . . . . . . . . . .
Pedunculate oak-alder forests . . . x x . . . . . . . . . . . . . 
Pedunculate oak-hornbeam forests . . (x) . . . . . x x x x x . . . . . 
Mixed coniferous forests . . . (x) . . . . . . . . . . . . . . 
Tall reed vegetation: x x x . x x . x x x x x x x x x x x 
Phragmites australis x x x . x (x) . . x x x . x x (x) . . x
Phalaris arundinacea . x . . . . . . . . . . . x . . . x
Oenanthe lachenalii . x . . . . . . . . . . . . . . . .
Oenanthe crocata . x . . . . . . . . . . . . . . . .
Beckmannia eruciformis . . . . x x . . . . . . . . . . . .
Angelica heterocarpa . x . . . . . . . . . . . . . . . .
Typha angustifolia . . . . . . . . . . . . . . . . . x
Typha latifolia . . . . . . . . . . . . . . . . . x
Bolboschoenus maritimus . . . . . . . . . . . . . . . . . x
Carex riparia . . . . . . . . . . . . . . . . . x
Carex acutiformis . . . . . . . . . . . . . . . . . x
Carex acuta . . . . . . . . . . . . . . . . . x
Festuca valesiaca steppes: . . . . . x x x . . . . . . (x) (x) . . 
Stipa pennata  . . . . . x x . . . . . . . . . . .
Stipa tirsa . . . . . x . . . . . . . . . . . . 
Steppe shrubs:                   
Spiraea crenata . . . . . . x . . . . . . . . . . .
Caragana frutex . . . . . . x . . . . . . . . . . .
Halophytic communities . . . . . . x x . . . . . . x x . . 
 
Explanations: 
d = abundant occurrence     1) = in eastern Transcaucasus 
x = regular occurrence (listed in data sheets)   2) = in western Transcaucasus 
(x) = local occurrence (only in specific types) 

 

Atlantic hardwood alluvial forests were mapped in Ireland, Great Britain (U7) and western 
France (U8). Climatically, all these areas have a relatively high mean annual temperature and a 
more or less mild, rainy climate. They are characterised by the presence of the (sub-)Atlantic spe-
cies Salix atrocinerea, Oenanthe crocata, Osmunda regalis and Lonicera periclymenum. While in 
the fern-rich floodplain forests of the British Isles (U7) Ulmus laevis, U. minor and Carpinus 
betulus are absent, in France they are present (U8) and joined by the south-western Fraxinus an-
gustifolia subsp. angustifolia, as well as the west European herb species Narcissus pseudonarcis-
sus, Pulmonaria montana and Primula elatior. 

Central European hardwood alluvial forests (U9) are distributed from north-eastern France to 
Poland and to Croatia in the south. Central European floristic elements predominate in the species 
composition. In the atlantically influenced stands of the hardwood alluvial forests, west European 
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elements also appear: Helleborus viridis subsp. occidentalis, Hyacinthoides non-scripta, Lathraea 
clandestina, as well as Equisetum hyemale in Switzerland and south-west Germany. The regular 
appearance of Fraxinus excelsior combined with elms (Ulmus spp.) is typical for these areas, as 
well as their contact with pedunculate oak-hornbeam forests. 

In the east European hardwood alluvial forests (U10-U13), Fraxinus excelsior is rarer or even 
completely absent (U12, U13). The combination of Quercus robur, Ulmus laevis, Alnus glutinosa 
in the tree layer as well as (sub)boreal elements (e.g. Convallaria majalis, Frangula alnus, Rubus 
saxatilis) and species with an eastern distribution (Euonymus verrucosa, Tilia cordata, Salix acu-
tifolia) are common to all these mapping units. In the Volyno-Polesian alluvial forests (U11) on 
mainly acidic and base-poor soils, Populus tremula, Betula pendula and Sorbus aucuparia play a 
greater role, and alder carrs, raised bogs, sedge and reed vegetation accompany these units. Cli-
matically, the area of U11 corresponds more or less to that of the Central European hardwood 
alluvial forests. The primarily east Sarmatian area of the mapping units U10, U12 and U13, how-
ever, show a markedly continental climatic character, reflected clearly in their natural and anthro-
pogenic accompanying vegetation: steppe-like meadows, steppe communities with steppe shrubs 
(Caragana frutex, Spiraea crenata) and halophyte communities. Further subdivion is made on the 
basis of various vegetation complexes and geographic differential species. 

The sub-meridional hardwood alluvial forests of southern to south-eastern Europe are repre-
sented by 8 mapping units (U14 to U22) (see Figure 18). The combination of Quercus robur and 
Ulmus minor in the tree layer is common to all of them. On the other hand, Ulmus laevis is more 
rarely represented (U14, U16), as are Alnus glutinosa, Fraxinus excelsior and particularly Tilia 
cordata, which occurs only in the Pannonian-pre-Carpathian alluvial forests (U16). In their place, 
Acer campestre and Fraxinus angustifolia s. l. (in subspecies distributed to the east) occur quite 
frequently in the tree layer, with F. angustifolia subsp. danubialis in U16, U17 and U19 and F. 
angustifolia subsp. oxycarpa in U18, as well as the south-east European oak species Quercus pe-
dunculiflora in U16, U18, U19, and U22. In the Danubian alluvial forests (U19) Fraxinus pallisae 
is also present, while in the pre- and Transcaucasian alluvial forests (U21, U22) Pyrus caucasica 
is encountered. The Transcaucasian alluvial forests are characterised by a whole range of regional 
endemic tree species: Alnus barbata, Morus alba, Pistacia mutica, Quercus hartwissiana, 
Q. imeretina, Pterocarya pterocarpa and Tilia begoniifolia in the hardwood alluvial forests as 
well as Salix excelsa in the adjacent softwood alluvial forests. There are also some differences in 
the shrub layer: Euonymus verrucosa is occuring in the Pontic (U14), Cornus sanguinea subsp. 
hungarica in the Pannonian-pre-Carpathian (U16), C. sanguinea subsp. australis in U16 and the 
pre- and Transcaucasian (U21, U22), and Berberis iberica, Mespilus germanica, Paliurus spina-
christi and Punica granatum in the Transcaucasian alluvial forests (U22). Amongst the lianas, 
thermophilous species such as Tamus communis, Vitis vinifera subsp. sylvestris, Periploca 
graeca, Smilax aspera and S. excelsa, Rubia peregrina, Lonicera caprifolium are widespread in 
southern to south-east European alluvial forests along with Bryonia cretica (U15), Clematis viti-
cella, Rosa sempervirens (U18) and Vincetoxicum scandens (U21). 
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Figure 18: Schematic cross-section through alluvial forest communities in the floodplain of the river Sava 

(U16/U17) (based on HORVAT et al. 1974, Figure 252, slightly modified). 
 1. Willow scrub and Salix alba-Populus nigra forests 
 2. Typical Leucojum aestivum-Fraxinus angustifolia alluvial forest in frequently flooded depres-

sions 
 3. Leucojum aestivum-Fraxinus angustifolia forest with Alnus glutinosa in river-distant, groundwa-

ter influenced depressions 
 4. Quercus robur alluvial forest with Carex remota in the zone of strong water level fluctuation  
   5,6. Quercus robur-Carpinus betulus alluvial forests, Carex brizoides and typical form 
 
In the herb layer, Lithospermum purpurocaeruleum appears in drier variants of the Padanian-
Illyrian (U15), Pannonian-pre-Carpathian (U16) and pre-Caucasian alluvial forests (U21). In wet 
variants of U16, U17 and U18, Carex pendula plays an important role. In addition Leucanthe-
mella serotina, Oenanthe banatica and Viola elatior characterise the Pannonian-pre-Carpathian 
alluvial forests (U16), Genista elata, Pseudostellaria europaea and Carex brizoides typify the 
peri-Pannonian-west Moesian hardwood alluvial forests (U17), and Equisetum telmateia, Anem-
one apennina, Leucojum aestivum and in part also Lathyrus venetus distinguish the Apennine-
Balkan alluvial forests (U18). Convallaria transcaucasica and Lysimachia punctata are character-
istic for the pre-Caucasian hardwood alluvial forests (U21). 

The climatic conditions of all southern and south-east European mapping units are relatively ho-
mogeneous; only those of the Pontic alluvial forests (U14) are a little cooler, with low mean win-
ter (and annual) temperatures; on the other hand the winters in the Padanian-Illyrian (U15) and 
Transcaucasian alluvial forests (U22) are milder and the mean annual temperatures relatively high 
(as is also the case for U18). 

The softwood alluvial forests regularly appearing in the vegetation complexes include open wil-
low, willow-poplar and poplar alluvial forest communities. Their stands grow on the lowest, often 
and long flooded alluvial sites on the rivers either above the mean water level for alluvial forests 
with pronounced summer floods (e.g. the Rhine) or below the mean water level by rivers with 
little or rare flooding, such as the Elbe (HENRICHFREISE 1996). Compared to the hardwood alluvial 
forests they are more species-poor, but can sustain frequent repetitive, high and long-lasting 
flooding very well. The development of adventitious roots allows the forests to survive such ex-
treme site conditions. The herb layer of the relatively short-lived forest stands consists in particu-
lar of non-forest species of wet to swampy sites of the alluvial plain. Spring geophytes decline 
strongly or are even completely absent, since softwood alluvial forest sites are almost always 
flooded at the time of year when the geophytes develop and are flowering. 
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Figure 19: Apennine-Balkanic alluvial forests (U18). Profile through the Sinello valley near Vasto (Adria), 
Central Italy (based on PEDROTTI & GAFTA 1996, Figure 65). 

 1. Populetum albae     a) Riverbed at low water  
 2. Rubio-Carpinetum betuli    b-d) At high water flooded area  
 3. Carici remotae-Fraxinetum oxycarpae  e) Terrace bank 
 4. Single tree of Fraxinus angustifolia subsp. oxycarpa f) Terrace 
 
Softwood alluvial forests are associated with young river sediments and an area extending from 
the middle waterline to ¾ to 1 m above this. Because of the frequent flooding that sometimes rises 
to more than 5 m, these sites are hardly ever used for agricultural or forestry purposes. White wil-
low (Salix alba) stands on freshly colonised sites or those still in the process of generation at 
higher levels, especially on river islands or near the river banks, can be clearly distinguished from 
the stands of deep lying, wet white willow forests. Almost from the outset these stands are inter-
spersed with species of hardwood alluvial forests and develop rapidly to oak-elm forests if the 
sites are not subject to strong erosion or excessive sedimentation. 

A major function of softwood alluvial forests is river bank protection. They also represent impor-
tant habitats for endangered animals and plants of the floodplains and are landscape forming ele-
ments of river lowlands. Their tree layer consists of willow and poplar species: Salix alba, S. x 
rubens, Populus nigra, P. alba, P. x canescens, and more rarely Salix fragilis and S. excelsa. 

Figure 20: Apennine softwood alluvial forest (U18 p.p.). Profile through the middle Ofanto valley, Apulia, 
southern Italy (based on PEDROTTI & GAFTA 1996, Figure 85). 

 1. Salicetum incano-purpureae   a) Riverbed at low water 
 2. Salicetum albae    d, e) Gravel riverbanks and islands 
 4. Populetum albae    f), i) Terraces on different levels  
 7. Roso sempervirentis-Populetum nigrae 
 10. Tamaricetum gallicae 
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The main distribution area of softwood alluvial forests is in the south of Central Europe and the 
north of southern Europe; they occur from western Europe (France, Spain) to the south-east of 
European Russia (Volga, Urals). Softwood alluvial forests that can be visualised at the scale of the 
map only occur at the lower Danube (U20), as well as the Don, Volga and Ural rivers (U42). In 
other areas their range is too narrow and small, and for this reason they are usually listed only as 
characteristic companion vegetation of the corresponding hardwood alluvial forests. 

The extensive Danubian softwood forests (U20) occurring in the Danube delta, the Danube low-
land plain of Romania and the border areas of Bulgaria are liana-rich and dominated by Eurasian 
species of moist to swampy soils. Climatically, they lie within the (sub)continental region with 
higher annual temperatures and large differences between the coolest and warmest months. 

The Pontic-Caspian softwood alluvial forests (U42) accompanying the major south-east Euro-
pean rivers lie within the continental climatic area of the steppes and deserts with very low annual 
precipitation and very large temperature differences between the warmest and coldest months 
(July 24-25 °C, January -10 to -6 °C). For these white willow and polar alluvial forests, not only  
the occurrence of hygrophytes and telmatophytes in the herb layer is typical, the appearance of 
Elaeagnus angustifolia, Salix acutifolia and Calligonum aphyllum scrub and halophytic vegeta-
tion is also characteristic of the complex. 
 
U.3.2 Alder-ash forests (Fraxinus excelsior, Alnus glutinosa) and alder-pedunculate oak 

forests (Quercus robur, Alnus glutinosa, Prunus padus) of small river valleys and wet 
depressions in combination with moist oak-hornbeam forests (Carpinus betulus, 
Quercus robur) and alder carrs (Alnus glutinosa), partly with grey alder forests (Alnus 
incana) and sycamore-ash forests (Fraxinus excelsior, Acer pseudoplatanus) (U23-U27) 

This group of relatively small complex mapping units with black alder, alder-ash, grey alder and 
sycamore-ash forests is distributed on moist to wet valley and depression sites of the lowland to mon-
tane belts of uplands and high mountain ranges. Its distribution stronghold lies within western and 
Central Europe. The forest communities are in general very abundant in species; their species compo-
sition depends very much on geographic location and altitude. Five mapping units were differentiated 
according to phytocoenotic and site differences. The predominance of alders and ashes in near-natural 
forest stands characterises this group of mapping units and distinguishes it from those of the softwood 
and hardwood alluvial forests (see Table 20). Prunus padus also plays an important role here, while in 
mountainous areas Acer pseudoplatanus, Ulmus glabra and Alnus incana are also important. 

In the herb layer, indicators of moist and fresh soils predominate, while in lowlands, especially 
next to alder carrs, swamp species are frequent. In sub-Atlantic regions of Central and western 
Europe, alder and alder-ash forests occur in combination with moist sycamore-oak and/or oak-
hornbeam forests as well as with alder carrs and swamp forests. Because of their close floristic 
relationship some of these units were combined under the term Fraxino-Carpinion Tüxen 1936. 

Alder-ash forests establish on gley soils. The grey alder alluvial forests mainly occurring in mon-
tane sites are preferably growing on chemically weakly-weathered, usually gravelly to shingly 
alluvial soils (Rambla, Paternia) on limestone, especially in the Alps and their foothills. 
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Widely distributed moisture indicators are common to all units such as (Angelica sylvestris, 
Caltha palustris, Crepis paludosa, Deschampsia cespitosa, Filipendula ulmaria, Phalaris arun-
dinacea etc.). Differential species are aligned according to differences in water content of the 
soils, substrate, altitude and geographic distribution. 

For moist sites of (sub-)Atlantic Europe (U23, U25, the Atlantic variant of U24) the occurrence of 
Atlantic-sub-Atlantic species is typical (Salix atrocinerea, Ilex aquifolium, Carex strigosa, C. pen-
dula, Chrysosplenium oppositifolium). For the precipitation-rich, winter-mild north-west European 
islands (U23), fern-rich forms are characteristic (Athyrium filix-femina, Dryopteris affinis subsp. 
borreri, Pteridium aquilinum), while for south-western French moist ash-alder forests (U25) the 
sub-Mediterranean-Mediterranean ash Fraxinus angustifolia subsp angustifolia is characteristic. 

In Central Europe the group is represented by 3 mapping units: in the lowland areas these are 
herb- and species-rich alder-ash and ash-elm forests (U24), often combined with pedunculate oak-
hornbeam forests as well as bird cherry-oak and bird cherry-alder forests with Carex brizoides in 
relatively cool and more oligotrophic areas of south Bohemia, where Fraxinus excelsior is absent 
(U26). In the mountains and foothills of the Alps there are riverside black or grey alder forests 
(U27, see Figure 21) in combination with sycamore-ash forests, that are usually rich in montane 
tall herbs and which also show some natural admixture of spruce. 

Figure 21: Grey alder forests in the Alps (U27). Profile through the Brenta valley near Grigno, Veneto (based 
on PEDROTTI & GAFTA 1996, Figure 26). 

 1. Alnetum incanae   a) Golena (highest part of the flood plain) 
 2. Salicetum albae   b) At high water flooded area 
 3. Salicetum incano-purpureae  c, d) Gravel riverbanks and islands 
      e) Riverbed at low water  
 
U.3.3 Vegetation of estuaries and fresh water polders (Fraxinus excelsior, Quercus robur, 

Ulmus glabra) (U28) 

This vegetation is represented by just a single mapping unit (U28). These are newly appearing 
vegetation types that have been able to develop on marsh soils wrested from the sea in the Atlan-
tic and sub-Atlantic areas of Europe from western France via England and the Frisian Islands to 
Denmark. Current forest stands are almost completely absent, small-sized stands can be found 
especially in the Netherlands. They are formed either from Quercus robur and Fraxinus excelsior 
or Ulmus glabra and Fraxinus excelsior (Table 20). Most of the mapped areas have probably 
never been covered with forest before. 
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Table 20: Floristic structure of the alder-ash, alder penduculate oak and grey alder forests as well as other low-
land forests on wet sites (U.3.2 and U.3.3). 

No of the mapping unit U23 U24 U25 U26 U27 U28 
Location in Europe NW W/C SW C C/m W 

Tree layer:       
Alnus glutinosa d d d D (x) (x) 
Quercus robur x x . x . x 
Acer pseudoplatanus (x) x . . x x 
Fraxinus excelsior d d . . (x) d 
Ulmus glabra . x . . (x) x 
Salix fragilis . (x) . (x) (x) . 
Tilia cordata . (x) . x . . 
Salix atrocinerea (x) x . . . 
Picea abies (montane) . (x) . . x . 
Alnus incana (montane) . (x) . . D . 
Betula pubescens x . . . . . 
Salix pentandra x . . . . . 
Sorbus aucuparia x . . . . . 
Fraxinus angustifolia ssp. angustifolia . . d . . . 
Populus alba . . x . . . 
Populus nigra . . x . . . 
Salix alba . . x . . . 
Salix caprea . . . . x . 
Shrub layer:       
Corylus avellana x x . x x d 
Prunus padus x x . d x . 
Rubus fruticosus agg. d (x) . (x) (x) . 
Viburnum opulus x x . (x) (x) . 
Rubus caesius . x x x x . 
Sambucus nigra . x . x (x) x 
Salix purpurea x (x) . . d . 
Euonymus europaea . x x . x . 
Lonicera nigra . (x) . . x . 
Sambucus racemosa . (x) . . x . 
Ilex aquifolium x . . . . . 
Ribes rubrum [R. spicatum] . x [x] . . . . 
Salix myrsinifolia . . . . x . 
Lianas:       
Hedera helix x (x) . . . . 
Lonicera periclymenum x (x) . . . . 
Solanum dulcamara . x x . (x) . 
Humulus lupulus . x . x (x) . 
Cucubalus baccifer . . x . . . 
Calystegia sepium . . x . . . 
Tamus communis . . . . (x) . 
Vitis vinifera subsp. sylvestris . . . . (x) . 
Herb layer:       
Phalaris arandinacea  x x (x) x x x 
Urtica dioica x x x x x x 
Deschampsia cespitosa x (x) . x x x 
Filipendula ulmaria x x . (x) x x 
Crepis paludosa x x . x x . 
Carex pendula x (x) d . . . 
Angelica sylvestris . x x x x . 
Aegopodium podagraria . x d d x 
Anthriscus sylvestris . x . x (x) x 
Athyrium filix-femina x (x) . . x . 
Oxalis acetosella x (x) . . x . 
Carex remota d x . . (x) . 
Lysimachia nemorum d (x) . . (x) . 
Impatiens noli-tangere . x . x x . 
Carex brizoides . x . d x . 
Allium ursinum d d . . . . 
Carex strigosa x x . . . . 
Chrysosplenium oppositifolium x (x) . . . . 
Equisetum telmateia x (x) . . . . 
Chrysosplenium alternifolium . x . . x . 
Stellaria nemorum . x . . d . 
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No of the mapping unit U23 U24 U25 U26 U27 U28 

Silene dioica . (x) . . x . 
Ranunculus lanuginosus . x . . x .
Thalictrum aquilegiifolium . (x) . . x .
Chaerophyllum hirsutum (montane) . d . . d .
Petasites albus (montane) . (x) . . x .
Senecio ovatus (montane) . (x) . . x .
Dryopteris affinis subsp. borreri x . . . . .
Holcus mollis x . . . . .
Pteridium aquilinum x . . . . .
Prenanthes purpurea (montane) . . . . x .
Ranunculus platanifolius (montane) . . . . x .
Soldanella montana (montane) . . . . x .
Aconitum napellus subsp. hians (montane) . . . . x .
Anthriscus nitida (montane) . . . . x .
Carduus personata (montane) . . . . x .
Luzula sylvatica (montane) . . . . x .
Gagea spathacea . . . . . x
Valeriana repens . . . . . x 

 
Explanations: 
D = dominant     (montane) = with predominantly montane distribution  
d = codominant     m = montane-submontane 
x = regular occurrence (listed in data sheets)   C = Central 
(x) = local occurrence (only in specific types)  
  

U.4 Mediterranean-sub-Mediterranean wet lowland and alluvial forests and scrub 
(Fraxinus angustifolia s. l., F. pallisae, Platanus orientalis, Phoenix theophrasti, 
Nerium oleander, Tamarix spp.) (U29-U40) 

Mediterranean and sub-Mediterranean alluvial forests and scrub as well as groundwater-infuenced 
lowland forests are combined in this group (see Map 20). They are represented by twelve mapping 
units of which ten represent forest vegetation and two are alluvial plain scrub. A regular participa-
tion of Mediterranean and sub-Mediterranean (as well as central Balkan) species such as Aris-
tolochia rotunda, Carpinus orientalis, Celtis australis, Cercis siliquastrum, Cornus mas, Erica 
arborea, Fraxinus angustifolia, Laurus nobilis, Lithospermum purpurocaeruleum, Nerium olean-
der, Phillyrea latifolia, Pistacia lentiscus, Platanus orientalis, Quercus frainetto, Q. ilex, Q. pu-
bescens, Smilax aspera, Viburnum lantana, Vitex agnus-castus etc. is characteristic for them. In 
addition to these species, plants of hygrophilous alluvial and of mesophilous forests also occur 
frequently (Ulmus minor, Populus alba, P. nigra, Alnus glutinosa, Brachypodium sylvaticum, Poa 
nemoralis, Primula acaulis, Symphytum bulbosum etc.). In some mapping units, therophytes as 
well as moisture indicators or halophytes also play an important role. The last mapping unit, 
dominated by palms (U40, occurring on the island of Crete), differs substantially from the remain-
ing mapping units in species composition and physiognomy (see Table 21). 

Ecologically, a summer-warm Mediterranean climate (climate type IV according to WALTER & 
LIETH 1967) with a long summer dry season, mild winter temperatures and frequent precipitation 
in the autumn and winter is common to all these mapping units. 
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Table 21: Floristic structure of the Mediterranean-sub-Mediterranean wet lowland and alluvial forests as well as 
alluvial scrub (U.4). 

No of the mapping unit U29 U30 U31 U32 U33 U3
4

U35 U36 U37 U38 U39 U40 
Location in Europe SW SW SW SW SSW S SSE SE SSE SE SE SE 

Hardwood alluvial forests             
Tree layer:             
Ulmus minor x x . (x) x x x x . (x) . .
Fraxinus angustifolia subsp. angustifolia D D . . D . . . . . . .
Quercus pyrenaica x . . . . . . . . . . .
Alnus glutinosa . x x . (x) . . (x) . (x) . .
Quercus canariensis . . D . . . . . . . . .
Fraxinus angustifolia s. l. . . . . . D x D . . . .
Quercus robur . . . . . D . (x) . . . .
Carpinus betulus . . . . . (x) . x . . . .
Acer campestre . . . . . x . x . . . .
Quercus frainetto . . . . . (x) . . . . . .
Quercus pubescens . . . . . . D . . . . .
Quercus pedunculiflora . . . . . . x x . . . .
Fraxinus pallisae . . . . . . . (x) . . . .
Quercus hartwissiana . . . . . . . (x) . . . .
Ulmus laevis . . . . . . . x . . . .
Platanus orientalis . . . . . . . . (x) D . .
Juglans regia . . . . . . . . . x . .
Phoenix theophrasti . . . . . . . . . . . D
Shrub layer:             
Tamarix gallica . (x) . . . . . . . (x) x .
Tamarix africana . x . . . . . . . . x .
Ruscus hypophyllum . . x . . . . . . . . .
Rhododendron ponticum subsp. baeticum . . x . . . . . . . . .
Salix pedicellata . . x . . . . . (x) x . .
Nerium oleander . . . D . . . . D d . .
Vitex agnus-castus . . . x . . . . x x x .
Tamarix canariensis . . . (x) . . . . . . . .
Ruscus aculeatus . . . x . x x . . . . .
Cornus mas . . . . . . x . . . . .
Phillyrea latifolia . . . . . . x . . . . .
Euonymus latifolia . . . . . . . x . . . .
Viburnum opulus . . . . . . . x . . . .
Tamarix hampeana . . . . . . . . x . D .
Salix gussonei . . . . . . . . x x . .
Spartium junceum  . . . . . . . . x . . .
Calicotome infesta . . . . . . . . x . . .
Tamarix tetrandra . . . . . . . . x . . .
Ficus carica . . . . . . . . . (x) . .
Pyracantha coccinea . . . . . . . . . x . .
Tamarix parviflora . . . . . . . . . . x .
Tamarix dalmatica . . . . . . . . . . x .
Tamarix smyrnensis . . . . . . . . . . x .
Pistacia lentiscus . . . . . . . . . . . x
Lianas:             
Clematis vitalba x . . . . x x x x x . .
Hedera helix x x . . . x . x x . . .
Vitis vinifera subsp. sylvestris x x . . . . . x x . . .
Rubus ulmifolius [R. sanctus] . x . x . x [x] . . [x] . .
Lonicera periclymenum subsp. hispanica x x x . . . . . . . . .
Tamus communis x x . . . . . x . . . .
Humulus lupulus x . . . . . . x . x . .
Bryonia dioica x x . . . . . . . . . .
Cynanchum acutum . x . . . . . x . . . .
Rubia tinctorum . x . . . . . . . . . .
Lonicera biflora . . . x . . . . . . . .
Cucubalus baccifer . . . . x . . x . . . .
Lonicera caprifolium . . . . . x . . . . . .
Periploca graeca . . . . . . . x . . x .
Smilax excelsa . . . . . . . x . . . .
Clematis viticella . . . . . . . x . . . .
Calystegia silvatica . . . . . . . x . . . .
Solanum dulcamara . . . . . . . x . . . . 
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No of the mapping unit U29 U30 U31 U32 U33 U3
4

U35 U36 U37 U38 U39 U40 

Calystegia sepium . . . . . . . . x . . . 
Herb layer:             
Carex pendula . . . x x x . . . x . . 
Iris foetidissima . x . . x x . . . . . . 
Luzula forsteri . . x . . x x . . . . . 
Arum italicum x . . . . . . . . x . . 
Acanthus mollis x . . . . . . . . . . . 
Vinca difformis . x . x . . . . . . . . 
Lithospermum purpurocaeruleum . x . . . . x . . . . . 
Arisarum proboscideum . . x . . . . . . . . . 
Culcita macrocarpa . . x . . . . . . . . . 
Woodwardia radicans . . x . . . . . . . . . 
Psilotum nudum  . . x . . . . . . . . . 
Euphorbia amygdaloides . . . . x . . . . . . . 
Symphytum tuberosum . . . . x . . . . . . . 
Viola odorata . . . . x . . . . . . . 
Carex remota . . . . . x . . . x . . 
Aristolochia rotanda . . . . . x . . . . x . 
Cyclamen repandum . . . . . x . . . . . . 
Hypericum androsaemum . . . . . x . . . . . . 
Pteridium aquilinum . . . . . x . . . . . . 
Veronica montana . . . . . x . . . . . . 
Crepis fraasii . . . . . . x . . . . . 
Crepis reuteriana . . . . . . x . . . . . 
Carex flacca subsp. Serrulata . . . . . . x . . . . . 
Primula acaulis . . . . . . x . . . . . 
Ranunculus neapolitanus . . . . . . x . . . . . 
Dorycnium rectum . . . . . . . . x . . . 
Carex remota . . . . . . . . . x . . 
Dracunculus vulgaris . . . . . . . . . x . . 
Equisetum telmateia . . . . . . . . . x . . 
Melissa officinalis . . . . . . . . . x . . 
Satureja vulgaris . . . . . . . . . x . . 
Althaea officinalis . . . . . . . . . . x . 
Glycyrrhiza glabra . . . . . . . . . . x . 
Juncus heldreichianus . . . . . . . . . . x x 
Juncus maritimus . . . . . . . . . . x x 
Festuca arundinacea . . . . . . . . . . . x 
Scirpoides holoschoenus . . . . . . . . . . . x 
Softwood alluvial forests             
Populus nigra D . . (x) x x . x . . . . 
Populus alba . D . D D x . x . . . . 
Salix viminalis x . x x . x x x . . . . 
Salix triandra . . x x . x x x . . . . 
Salix atrocinerea x x . . . . . . . . . . 
Salix x rubens x x . . . . . . . . . . 
Salix elaeagnos x . . . . . . . . . . . 
Salix cantabrica x . . . . . . . . . . . 
Salix salviifolia . x . . . . . . . . . . 
Salix alba . . . . . . . D . (x) . . 
Salix amplexicaulis . . . . . . . . x . . . 

 
Explanations: 
D = dominant 
d = codominant 
x = regular occurrence (listed in data sheets) 
(x) = local occurrence (only in specific types) 
 
In most mapping units of this group, Ulmus minor, Fraxinus angustifolia s.l. and Populus alba 
occur as characteristic elements. The south-west European Quercus pyrenaica together with 
Acanthus mollis is characteristic for the Iberian supra-Mediterranean lowland and alluvial forests 
(U29) of the relatively cooler and precipitation-poor locations. In addition, the west European 
willow species Salix atrocinerea, S. x rubens and S. cantabrica also occur in this mapping unit. 
The first two are also common to the Iberian meso- to thermo-Mediterranean alluvial forests 
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(U30), which even feature Tamarix gallica and T. africana in parts. The Gaditanian lowland and 
alluvial forests occurring in small areas on siliceous substrates south-east of Cádiz (U31) can be 
easily differentiated floristically by the presence of Quercus canariensis, Rhododendron ponticum 
subsp. baeticum, Ruscus hypophyllum and stenotopic species such as Culcita macrocarpa and 
Psilotum nudum, as well as by western (central) Mediterranean species such as Salix pedicellata, 
Woodwardia radicans, Arisarum proboscideum etc. In the precipitation-poor area of Murcia, 
white poplar alluvial forests are mapped in the valleys of temporarily drying out rivers (U32), for 
which Nerium oleander, Vitex agnus-castus, Vinca difformis, Lonicera biflora and Tamarix 
canariensis (on salty soils) are diagnostically important. For the southern French softwood allu-
vial forests of the Rhone Valley (U33), poplar forests with Iris foetidissima combined with Frax-
inus angustifolia subsp. angustifolia forests are typical. The palette of tree species of Tyrrhenian 
ash-oak forests (U34) differs considerably (see Figure 22 and Table 21). Quercus robur and Frax-
inus angustifolia subsp. oxycarpa are regularly represented, while Quercus frainetto (south of 
Rome), Acer campestre and Carpinus betulus are also admixed locally. The precipitation-rich 
climate favours the occurrence of moisture indicators such as Carex pendula and C. remota. The 
Albanian-Macedonian-Greek sub-Mediterranean intermittently moist mixed downy oak forests 
(U35) with Quercus pubescens, Q. pedunculiflora, Phillyrea latifolia, Cornus mas and many 
herbs and sedges typical for this mapping unit occupy an intermediate position between the com-
munities of the Platanion orientalis and those of the Quercetalia pubescenti-petraeae. The wide 
ranging and complex mapping unit of Macedonian-Thracian hardwood and softwood alluvial for-
ests (U36) contains Fraxinus pallisae and Quercus hartwissiana as typical tree species as well as 
other south-east European elements, particularly the lianas Periploca graeca, Smilax excelsa and 
Clematis viticella. The east Mediterranean alluvial forests (U38) are characterised by Mediterra-
nean species such as Platanus orientalis with admixed Juglans regia in the tree layer, Nerium 
oleander, Pyracantha coccinea and Ficus carica in the shrub layer as well as Dracunculus vul-
garis in the herb layer. The Cretian date palm alluvial forests (U40) with the Tertiary relict 
Phoenix theophrasti in the tree layer represent a special feature, while Pistacia lentiscus and other 
macchia species are present in the shrub layer, and dominant rushes (Juncus heldreichianus, J. 
maritimus, Scirpoides holoschoenus) occur in the herb layer.  

Figure 22: Tyrrhenian ash-oak forests  (U34). Profile through the mouth area of the rivers Arno and Serchio 
west of Pisa (based on PEDROTTI & GAFTA 1996, Figure 51). 

 3. Fraxino-Quercetum roboris (U34)  a) Dunes 
 8. Pinus pinea    b) Alluvial land 
 9. Dune vegetation (Ammophiletalia) (P11) c) Former river bed silted up 
 10. Hydrocotylo-Alnetum glutinosae (T2) 
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Mediterranean alluvial forests and scrub are represented by 2 mapping units: central and eastern 
Mediterranean oleander scrub (U37) with dominant Nerium oleander and additional Vitex agnus-
castus and Tamarix tetrandra (also with Salix pedicellata and S. gussonei on Sicily together with 
Platanus orientalis, see Figure 23) is distributed from Greece to southern Italy, while in the east 
Mediterranean brackish water tamarisk scrub (U39), several Tamarix species (T. hampeana, T. 
parviflora, T. dalmatica, T. smyrnensis, T. africana) as well as rushes set the tone. 

Figure 23: Mediterranean plane tree alluvial forests (U37). Valley profiles from Sicily: left Cassibile valley, 
right Alcantara valley (silicate rock) (based on PEDROTTI & GAFTA 1996, Figures 134, 135). 

 a) Riverbed at low water, b) flood plains and lower slopes 
 Left: 1. Salici pedicellatae-Platanetum orientalis 
  2. Quercion ilicis 
  3. Oleo-Ceratonion 
 Right: 1. Salici gussonei-Platanetum orientalis (on silicate rock) 
 
U.5 Continental softwood alluvial forests (Populus nigra, P. alba, Salix alba) and tamarisk 

alluvial scrub (Tamarix ramosissima) (U41, U42) 

This group consists of two mapping units (U41, U42) for which an arid continental climate with a 
long-lasting summer drought period and a cold, dry winter is typical. 

More or less halophilous Tamarix ramosissima as well as Elaeagnus angustifolia xerophytic 
scrub combined with softwood alluvial forests and sometimes tall reed vegetation are characteris-
tic. In unit U41, halophilous Tamarix ramosissima alluvial scrub dominates. Grasses (Calama-
grostis epigejos, Elymus repens, Hierochloë odorata etc.), sedges (Carex melanostachya, C. 
praecox) and Artemisia species (A. absinthium, A. santonicum, A. scoparia) are important in the 
herb layer. 

In the floodplains of the southern Russian major rivers (U42) with long-lasting flooding in 
May/June, softwood floodplain forests and reed vegetation play the leading role. Xerophytic scrub 
consisting of Tamarix ramosissima, Elaeagnus angustifolia, Salix acutifolia and locally Calligonum 
aphyllum is restricted to the higher, more sporadically flooded and sometimes salt-influenced areas. 
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5 Overview and Register 

5.1  On the taxonomy and nomenclature of plant taxa 

Thomas Raus 

The map of the natural vegetation of Europe provides information on the full spectrum of zonal 
and azonal vegetation of the entire continent. The roughly 700 mapping units extend from the 
polar deserts and tundra of northern Europe through the boreal, nemoral and Mediterranean forest 
regions to the Pontic-Pannonian steppes and the Caspian and Transcaucasian deserts. To this can 
be added the arctic-alpine and oro-Mediterranean high mountain vegetation and the vegetation of 
special sites such as salt flats, sand dunes and aquatic habitats (coasts, marshes, floodplains, reed 
communities, mires etc.). Corresponding to this diversity is a broad assortment of plant taxa that 
were utilised for the definition, characterisation and differentiation of the formations and their 
subunits. 

In all more than 100 scientists from 31 European countries took part in the development of the 
map and the accompanying legends. This necessitated the integration of over 100 different indi-
vidual scientific backgrounds, with their varying sources and levels of quality, originating ulti-
mately from different periods of the 20th century, from over thirty different national and regional 
floristic and taxonomic traditions. As a result, a list of 6800 plant names came together, ranging in 
rank from genus to variety. 

It was necessary to align the differing taxonomic interpretations and circumscriptions as well as 
the divergent nomenclature. At the same time, the original works of the individual authors were to 
remain, insofar as this was possible, unaltered. Decisions between competing taxonomies were 
made in such a way that as few places in the text as possible would require changes. Thus, in 
some cases the generic circumscription requiring resolution was decided in favour of a genus in-
terpreted in the ‘broad sense’, while in other cases the decision fell in favour of several smaller 
genera. In all cases, the approach taken by the majority of the authors was adopted for the entire 
volume. 

This can be best illustrated with several examples. Most authors followed the concept of a broadly 
interpreted genus in the case of Prunus (with its several sections), while a few authors preferred 
the generic rank for the sections Amygdalus, Cerasus, Laurocerasus and Padus. Consistent with 
the Flora Europaea and recent species lists (e.g. the German “Standardliste”), the first approach 
(Prunus s.lat.) was followed for the entirety of the volume on the European map. The approach 
with the genus Aster was similar. In agreement with most of the individual authors and the leading 
European floras, the genera Crinitaria, Galatella, Kemulariella and Tripolium, used by several 
authors, were placed in synonymy with the genus Aster. The opposite was the case with the genus 
Scirpus: the majority of authors accepted the genera Bolboschoenus, Schoenoplectus, Scirpoides, 
Scirpus s.str., Trichophorum etc. Thus, the differing approach taken in the Flora Europaea was not 
followed here. The subdivision of the genus Polygonum s.lat. into Bistorta, Persicaria and Poly-
gonum s.str. has met with remarkably quick acceptance. The approach is reflected in all of the 
newer European floras (Flora Hellenica, Flora Iberica, Flora Nordica) and by the collaborators of 
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the European mapping project, and is hereby adopted for the present work as well. It must be em-
phasised that the legend and accompanying volume by no means represent primary taxonomic 
literature. As a matter of principle we refrained from new combinations, even when they may 
have been necessary on purely formal grounds (e.g., in Elymus and Prunus).  

One of the more laborious processes was the clarification of invalid names and unfamiliar taxa, 
that were to be found in numerous original works and that had to be assigned to the validly de-
scribed taxa. Some of these names derive from the bad habit in the phytosociological literature of 
creating ‘abbreviated’ pseudo-binomials and even homonyms of validly described taxa out of 
trinomial names of infraspecific taxa, in order to save space – a practise that is completely incor-
rect and leads only to confusion. An example of such ‘telescopic abbreviation’ is “Cerastium mi-
nus” on Sicily, which is in fact a form of Cerastium tomentosum (= C. tomentosum var. minus C. 
Presl) and not Cerastium minus Schur of the Carpathian Mountains (a synonym of Cerastium 
holosteoides Fr.). Another group of such fantasy names comes from simple typographic or tran-
scription errors (e.g., “Ranunculus vulgaris” instead of Dracunculus vulgaris, etc.). 

The following substantial contemporary standard works used to provide nomenclatural and taxo-
nomic consistency for the complete volume of the European map: “Flora Europaea” (TUTIN et al. 
1968-1993), “Med-Checklist” (GREUTER et al. 1984-1989), “Vascular Plants of Russia” (CZERE-

PANOV 1995), “Flora Vascular de Andalucía Occidental” (VALDÉS et al. 1987), “Flora Iberica” 
(CASTROVIEJO et al. 1986-2001), “Flora d’Italia” (PIGNATTI 1982), “Flore de France” (GUINOCHET 
et al. 1973-1984), “New Flora of the British Isles” (STACE 1997), “Flora Nordica” (JONSELL et al. 
2000/2001), “Standardliste der Farn- und Blütenpflanzen Deutschlands” (WISSKIRCHEN & HAEU-

PLER 1998), “Exkursionsflora von Österreich” (ADLER et al. 1994), “Kvĕtena České Republiky” 
(HEJNÝ & SLAVNÍK 1988-2000), “Magyar Flóra” (SOÓ 1964-1980), “Flore R. P. Romîne” (SĂ-
VULESCU 1952-1976), “Opredelitel na bissite rastăenija v Bălgarija” (ANDREEV et al. 1992), 
“Flora Hellenica” (STRID & TAN 1997), “Flora of Cyprus” (MEIKLE 1977-1985) as well as older 
floras and special monographs for the clarification of synonyms currently no longer in use. For the 
taxonomic clarification of (Trans)Caucasian taxa the “Flora of Turkey” (DAVIS et al. 1965-1988), 
“Flora Iranica” (RECHINGER et al. 1963-2001) and “Flora Palaestina” (ZOHARY & FEINBRUN-
DOTHAN 1966-1986) were of great help.  

The taxonomy and nomenclature of lichens and mosses generally followed the reference lists pro-
vided by the German Bundesamt für Naturschutz (KOPERSKI et al. 2000, SCHOLZ 2000), here too 
modified where found necessary (Cladina after AHTI 1984) or expanded through use of the cata-
logues and regional floras of other European countries. Taxonomic and nomenclatural solutions 
could be found for all but about a half dozen of the critical cases through the use of the library of 
the Botanical Garden of Berlin-Dahlem, the largest library of botanical systematics in the Ger-
man-speaking world. Authors’ names and abbreviations of the individual taxa were standardised 
following BRUMMITT & POWELL 1992. 

The following list provides an overview of the ‘philosophy’ of generic circumscriptions of plants 
(including cryptogams) accumulated by the authors of the European map. The case-by-case as-
signment of taxa to other genera required for the resolution of competing epithets was accom-
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plished for the most part through the correction of generic concepts resurrected from the older 
botanical literature of Europe in recent taxonomic research, as adopted in contemporary European 
floras and used in the vegetation sciences. In some cases parts of classical genera had to be split or 
assigned to another genus, in order to ensure at least one accepted name per taxon for the entire 
volume of the European map. An integrated index of all accepted taxa and their synonyms can be 
found in the electronic version of the entire volume. 

 

Table 22: List of the generic transfers of taxa required for the resolution of conflicts between historic  or com-
peting botanical nomenclatures in Europe. Accepted names are in bold; p.p. = pro parte (genus only 
partially segregated or transferred into another genus). 

Achnatherum p.p.  Stipa  
Achnatherum ″ Calamagrostis p.p.; Lasiagrostis; 

Stipa p.p.  
Achyrophorus  Hypochaeris  
Acinos ″ Calamintha p.p.; Satureja p.p.  
Acorellus  Cyperus  
Aethionema ″ Eunomia  
Agropyron p.p.  Elymus  
Allium p.p.  Nectaroscordum  
Alnus ″ Duschekia  
Alsine  Minuartia 
Alyssum ″ Meniocus  
Ammocalamagrostis  Calammophila  
Amygdalus  Prunus  
Anastrophyllum ″ Sphenolobus 
Anemonastrum  Anemone  
Anemone ″ Anemonastrum; Anemonoides 
Anemone p.p.  Hepatica  
Anemonoides  Anemone  
Angelica ″ Xanthogalum  
Anteriorchis  Orchis  
Anthericum p.p.   Simethis  
Anthriscus ″ Chaerophyllum p.p.  
Arctoparmelia ″ Parmelia p.p.  
Arctostaphylos ″ Arctous  
Arctous  Arctostaphylos  
Arenaria ″ Minuartia p.p.  
Argusia ″ Tournefortia  
Arischrada  Salvia  
Aristella  Stipa  
Aristida  Stipagrostis  
Armeria ″ Limonium p.p.; Statice p.p.  
Arthrocnemum p.p.   Sarcocornia  
Asperula ″ Galium p.p.  
Asperula p.p.   Galium  
Aspicilia ″ Lecanora p.p.  
Aspidium  Polystichum  
Asplenium ″ Phyllitis  
Aster ″ Crinitaria; Galatella; Kemulariella; 

Tripolium 
Astracantha  Astragalus  
Astragalus ″ Astracantha  
Astrocarpa  Sesamoides  
Asyneuma p.p.  Campanula  
Athyrium p.p.   Diplazium  
Atragene  Clematis  
Atrichum ″ Catharinea 
Atriplex ″ Halimione  

Avena p.p.   Helictotrichon; 
Pseudarrhenatherum 

Avenastrum  Helictotrichon  
Avenella  Deschampsia  
Avenochloa  Helictotrichon  
Avenula  Helictotrichon  
Azalea  Rhododendron  
Baldellia ″ Echinodorus  
Barbilophozia ″ Lophozia p.p. 
Bellardiochloa ″ Poa p.p.  
Bellemerea ″ Lecanora p.p.  
Bergenia ″ Saxifraga p.p.  
Betonica  Stachys  
Bistorta ″ Persicaria p.p.; Polygonum p.p.  
Bituminaria ″ Psoralea  
Bolboschoenus ″ Scirpus p.p.  
Bonjeania  Dorycnium  
Bothriochloa ″ Dichanthium  
Brachypodium ″ Trachynia  
Brodoa ″ Hypogymnia p.p.  
Bromopsis  Bromus  
Bromus ″ Bromopsis  
Bryocaulon ″ Coelocaulon; Cornicularia p.p.  
Buglossoides  Lithospermum  
Cachrys  Prangos  
Calamagrostis p.p.  Achnatherum  
Calamintha p.p.   Acinos; Clinopodium  
Calamintha ″ Satureja p.p.  
Calammophila ″ Ammocalamagrostis  
Calystegia ″ Convolvulus p.p.  
Campanula ″ Asyneuma p.p.; Symphyandra 
Camptothecium   Homalothecium  
Campylium ″ Chrysohypnum 
Cardamine ″ Dentaria  
Carpobrotus ″ Mesembryanthemum p.p.  
Cassandra  Chamaedaphne  
Cassiope ″ Harrimanella  
Catharinea  Atrichum 
Celastrus  Maytenus  
Centaurea ″ Cheirolophus, Tomanthea 
Cephalorrhynchus ″ Mulgedium p.p.; Mycelis 

p.p.  
Cerasus  Prunus  
Ceratocapnos ″ Corydalis p.p.  
Cetraria ″ Cornicularia p.p.  
Cetraria p.p.   Cetrariella; Platismatia 
Cetrariella ″ Cetraria p.p.  
Chaerophyllum p.p.  Anthriscus  
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Chamaecytisus ″ Cytisus p.p.  
Chamaedaphne ″ Cassandra  
Chamaenerion  Epilobium  
Chamaepericlymenum  Cornus  
Chamaespartium ″ Cytisus p.p.; Genista p.p.; 

Genistella p.p.  
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Chamaespartium p.p.  Genista  
Chamomilla  Matricaria  
Chandonanthus  Tetralophozia 
Cheirolophus  Centaurea  
Chelidonium p.p.  Glaucium  
Chrysanthemum p.p.  Leucanthemum; 

Tanacetum  
Chrysohypnum  Campylium 
Cicerbita ″ Lactuca p.p.; Mulgedium p.p.  
Cirsium p.p.  Ptilostemon  
Cladina ″ Cladonia p.p.  
Cladonia p.p.   Cladina  
Cleistogenes ″ Diplachne  
Clematis ″ Atragene  
Climacoptera ″ Salsola p.p.  
Cnidium ″ Selinum p.p.  
Coelocaulon  Bryocaulon  
Colpodium p.p.   Paracolpodium  
Comarum  Potentilla  
Conopodium p.p.  Geocaryum  
Convolvulus p.p.  Calystegia  
Conyza ″ Erigeron p.p.  
Coridothymus ″ Thymus p.p.  
Cornicularia p.p.   Bryocaulon; Cetraria 
Cornus ″ Swida  
Cornus ″ Chamaepericlymenum  
Coronilla p.p.  Hippocrepis; Securigera  
Corydalis p.p.  Ceratocapnos  
Crinitaria  Aster  
Crypsis ″ Heleochloa  
Cynanchum p.p.   Vincetoxicum  
Cynoglossum p.p.   Rindera  
Cyperus ″ Acorellus; Galilea; Juncellus  
Cytisanthus  Genista  
Cytisophyllum ″ Cytisus p.p.  
Cytisus p.p.   Chamaecytisus; Chamae-

spartium; Cytisophyllum; Genis-
ta 

Cytisus ″ Genista p.p.; Lembotropis; Sarotham-
nus 

Dactylorhiza ″ Orchis p.p.  
Danaa  Physospermum  
Danthonia ″ Sieglingia  
Dentaria  Cardamine  
Deschampsia ″ Avenella; Lerchenfeldia  
Diandrochloa ″ Eragrostis p.p.  
Dichanthium  Bothriochloa  
Diphasiastrum ″ Diphasium; Lycopodium p.p.  
Diphasium  Diphasiastrum  
Diplachne  Cleistogenes  
Diplazium ″ Athyrium p.p.  
Distichoselinum ″ Elaeoselinum p.p.  
Dittrichia ″ Inula p.p.  
Dorycnium ″ Bonjeania  
Drepanocladus p.p.  Loeskypnum; Sanionia; 

Warnstorfia 
Drepanocladus ″ Scorpidium p.p. 
Dryopteris p.p.   Gymnocarpium  
Duschekia  Alnus  
Echinodorus  Baldellia  
Echinospartum ″ Genista p.p.  
Elaeoselinum p.p.  Distichoselinum  
Eleutherospermum ″ Ligusticum p.p.  
Elymus p.p.   Leymus  
Elymus ″ Agropyron p.p.; Elytrigia; Roegneria 

Elyna  Kobresia 
Elytrigia  Elymus  
Endymion  Hyacinthoides  
Entodon p.p.  Pleurozium 
Entosthodon ″ Obtusifolium  
Epilobium ″ Chamaenerion  
Eragrostis p.p.   Diandrochloa  
Erigeron p.p.   Conyza  
Eunomia  Aethionema  
Euphorbia ″ Chamaesyce 
Eurhynchium p.p.  Scorpiurium 
Ficaria  Ranunculus  
Filago ″ Logfia  
Frangula ″ Rhamnus p.p.  
Gaillonia  Neogaillonia  
Galatella  Aster  
Galeobdolon  Lamium  
Galilea  Cyperus  
Galium ″ Asperula p.p.  
Genista ″ Chamaespartium p.p.; Cytisanthus; 

Cytisus p.p.; Genistella p.p.; Teline 
Genista p.p.   Cytisus; Chamaespartium; 

Echinospartum  
Genistella  Chamaespartium; Genista 
Gentiana p.p.   Gentianella  
Gentianella ″ Gentiana p.p.  
Geocaryum ″ Conopodium p.p.; Huetia  
Geum ″ Novosieversia; Sieversia; Woronowia  
Glaucium ″ Chelidonium p.p.  
Gnaphalium ″ Omalotheca  
Grimaldia  Mannia  
Grimmia p.p.  Schistidium 
Gymnocarpium ″ Dryopteris p.p.  
Gynandriris ″ Iris p.p.  
Gyrophora  Umbilicaria  
Haematomma p.p.   Ophioparma  
Halimione  Atriplex  
Halimium ″ Helianthemum p.p.  
Harrimanella  Cassiope  
Heleochloa  Crypsis  
Helianthemum p.p.   Halimium  
Helictotrichon ″ Avena p.p.; Avenastrum; Aveno-

chloa; Avenula  
Hepatica ″ Anemone p.p.  
Hieracium ″ Pilosella  
Hippocrepis ″ Coronilla p.p.  
Homalothecium p.p.  Tomentypnum 
Homalothecium ″ Camptothecium 
Huetia  Geocaryum  
Huperzia ″ Lycopodium p.p.  
Hutchinsia  Pritzelago  
Hyacinthella ″ Scilla p.p.  
Hyacinthoides ″ Endymion  
Hypochaeris ″ Achyrophorus; Robertia 
Hypogymnia p.p.   Brodoa  
Hypopitys  Monotropa  
Inula p.p.   Dittrichia; Limbarda  
Iris p.p.   Gynandriris  
Iris ″ Juno  
Isopterygium  Pseudotaxiphyllum 
Juncellus  Cyperus  
Juno  Iris  
Kemulariella  Aster  
Kobresia ″ Elyna  
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Kurzia ″ Lepidozia p.p.  
Lactuca p.p.   Cicerbita; Mycelis  
Lactuca ″ Mulgedium p.p.; Mycelis p.p.  
Lamiastrum  Lamium  
Lamium ″ Galeobdolon; Lamiastrum  
Lasallia ″ Umbilicaria p.p.  
Lasiagrostis  Achnatherum  
Lastrea  Phegopteris  
Lathyrus ″ Orobus  
Laurocerasus  Prunus  
Lecanora p.p.   Aspicilia; Bellemerea; Proto-

parmelia  
Lecidea p.p.   Lecidella; Porpidia  
Lecidella ″ Lecidea p.p.  
Lejeunea p.p.   Microlejeunea  
Lembotropis  Cytisus  
Leopoldia  Muscari  
Lepidotis  Lycopodiella  
Lepidozia p.p.  Kurzia 
Leptoplax  Peltaria  
Lerchenfeldia  Deschampsia  
Lescurea p.p.  Pseudoleskia 
Leskeella  Pseudoleskeella  
Leucanthemella ″ Chrysanthemum p.p.  
Leucanthemum ″ Chrysanthemum p.p.  
Leymus ″ Elymus p.p.  
Libanotis  Seseli  
Ligusticum p.p.   Eleutherospermum  
Limbarda ″ Inula p.p.  
Limonium ″ Statice p.p.  
Limonium p.p.  Armeria  
Lithospermum ″ Buglossoides  
Loeskypnum ″ Drepanocladus p.p. 
Logfia  Filago  
Lophozia p.p.  Barbilophozia 
Lotus p.p.  Tripodion  
Lychnis  Silene  
Lycopodiella ″ Lepidotis  
Lycopodium p.p.   Diphasiastrum; Huperzia  
Lysimachia ″ Naumburgia  
Lythrum p.p.   Peplis  
Madotheca  Porella 
Malaxis ″ Microstylis  
Mannia ″ Grimaldia  
Matricaria p.p.   Tripleurospermum  
Maytenus ″ Celastrus  
Megaspora ″ Pertusaria p.p.  
Meniocus  Alyssum  
Mesembryanthemum p.p.   Carpobrotus  
Microlejeunea ″ Lejeunea p.p.  
Micromeria ″ Satureja p.p. 
Minuartia p.p.   Arenaria  
Minuartia ″ Alsine  
Mnium p.p.  Plagiomnium; Rhizomnium 
Moneses ″ Pyrola p.p.  
Monotropa ″ Hypopitys  
Mulgedium p.p.   Cephalorrhynchus; Cicerbita; 

Lactuca  
Murbeckiella ″ Phryne  
Muscari ″ Leopoldia  
Mycelis p.p.   Cephalorrhynchus; Lactuca  
Mycelis ″ Lactuca p.p.  
Myosoton ″ Stellaria p.p.  
Nardosmia  Petasites  

Naumburgia  Lysimachia  
Nectaroscordum ″ Allium p.p.  
Neofuscelia  Parmelia  
Neogaillonia ″ Gaillonia  
Neuropogon  Usnea  
Nostoc ″ Stratonostoc  
Novosieversia  Geum  
Oberna  Silene  
Obtusifolium  Entosthodon  
Omalotheca  Gnaphalium  
Ophioparma ″ Haematomma p.p.  
Orchis p.p.   Dactylorhiza  
Orchis  ″ Anteriorchis  
Oreochloa ″ Sesleria p.p.  
Oreopteris ″ Polystichum p.p.; Thelypteris p.p.  
Orobus  Lathyrus  
Orthilia ″ Pyrola p.p.; Ramischia  
Oryzopsis  Piptatherum  
Osmanthus ″ Phillyrea p.p.  
Oxycoccus  Vaccinium  
Padus  Prunus  
Pancicia  Pimpinella  
Paracolpodium ″ Colpodium  
Parmelia p.p.  Arctoparmelia  
Parmelia ″ Neofuscelia p.p.; Xanthoparmelia p.p.  
Peltaria ″ Leptoplax  
Peplis ″ Lythrum p.p.  
Persicaria ″ Polygonum p.p.  
Persicaria p.p.   Bistorta  
Pertusaria p.p.   Megaspora  
Petasites ″ Nardosmia  
Phegopteris ″ Lastrea; Thelypteris p.p.  
Phillyrea p.p.   Osmanthus  
Phryne  Murbeckiella  
Phyllitis  Asplenium  
Physospermum ″ Danaa  
Pimpinella ″ Pancicia; Scaligeria p.p.  
Piptatherum ″ Oryzopsis  
Placolecanora  Rhizoplaca  
Plagiomnium ″ Mnium p.p. 
Platismatia ″ Cetraria p.p.  
Pleurozium ″ Entodon p.p. 
Poa p.p.   Bellardiochloa  
Podospermum  Scorzonera  
Polygonum p.p.  Bistorta; Persicaria  
Polystichum p.p.  Oreopteris  
Polystichum  ″ Aspidium  
Porella ″ Madotheca 
Porpidia ″ Lecidea p.p.  
Potentilla ″ Comarum  
Prangos ″ Cachrys  
Pritzelago ″ Hutchinsia  
Protoparmelia ″ Lecanora p.p.  
Prunus ″ Amygdalus; Cerasus; Laurocerasus; 

Padus  
Pseudocalliergon  Scorpidium 
Pseudoleskeella ″ Leskeella  
Pseudoleskia ″ Lescuraea p.p. 
Pseudolysimachion  Veronica  
Pseudoscleropodium  Scleropodium 
Pseudotaxiphyllum ″ Isopterygium 
Psoralea  Bituminaria  
Pterocephalus p.p.   Pycnocomon  
Ptilostemon ″ Cirsium p.p.  
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Pycnocomon ″ Pterocephalus  
Pyrethrum p.p.   Tanacetum  
Pyrola p.p.   Moneses; Orthilia  
Ramischia  Orthilia  
Ranunculus ″ Ficaria  
Rhamnus p.p.   Frangula  
Rhizomnium ″ Mnium p.p.  
Rhizoplaca ″ Placolecanora  
Rhodax  Helianthemum  
Rhododendron ″ Azalea  
Ribes ″ Grossularia  
Rindera ″ Cynoglossum p.p.  
Robertia  Hypochaeris  
Roegneria  Elymus  
Salicornia p.p.   Sarcocornia  
Salsola p.p.   Climacoptera  
Salvia ″ Arischrada  
Sanguisorba ″ Poterium  
Sanionia ″ Drepanocladus p.p. 
Sarcocornia ″ Arthrocnemum p.p.; Salicornia p.p. 
Sarothamnus  Cytisus  
Satureja p.p.   Acinos; Calamintha; 

Clinopodium; Micromeria 
Saxifraga p.p.   Bergenia  
Scaligeria p.p.   Pimpinella  
Schistidium ″ Grimmia p.p. 
Schoenoplectus ″ Scirpus p.p.  
Scilla p.p.   Hyacinthella  
Scirpoides ″ Scirpus p.p.  
Scirpus p.p.   Bolboschoenus; 

Schoenoplectus; Scirpoides; 
Trichophorum 

Scleropodium ″ Pseudoscleropodium 
Scorpidium p.p.  Drepanocladus 
Scorpidium ″ Pseudocalliergon 
Scorpiurium ″ Eurhynchium p.p. 
Scorzonera ″ Podospermum  
Securigera ″ Coronilla p.p.  
Selinum p.p.   Cnidium 
Senecio p.p.   Tephroseris  
Sesamoides ″ Astrocarpa  
Seseli ″ Libanotis  
Sesleria p.p.   Oreochloa  
Sieglingia  Danthonia  
Sieversia  Geum  
Silene ″ Lychnis; Melandrium; Oberna; Viscaria 
Simethis ″ Anthericum p.p.  
Sphenolobus  Anastrophyllum  
Stachys ″ Betonica  
Statice p.p.   Armeria; Limonium 
Stellaria p.p.   Myosoton  
Stipa p.p.   Achnatherum  
Stipa ″ Achnatherum p.p.; Aristella  

Stipagrostis ″ Aristida  
Stratonostoc  Nostoc  
Swida  Cornus  
Symphyandra  Campanula  
Syntrichia   Tortula 
Tanacetum ″ Chrysanthemum p.p.; Pyrethrum p.p. 
Teline  Genista  
Tephroseris ″ Senecio p.p.  
Tetralophozia ″ Chandonanthus 
Thamnium  Thamnobryum 
Thamnobryum ″ Thamnium 
Thelypteris p.p.   Oreopteris; Phegopteris 
Thymus p.p.  Coridothymus  
Tomanthea  Centaurea 
Tomentypnum ″ Homalothecium p.p. 
Tortula ″ Syntrichia 
Tournefortia  Argusia  
Tragacantha  Astragalus  
Trichophorum ″ Scirpus  
Tripleurospermum ″ Matricaria  
Tripodion ″ Lotus  
Tripolium  Aster  
Umbilicaria ″ Gyrophora  
Umbilicaria p.p.  Lasallia  
Usnea ″ Neuropogon  
Vaccinium ″ Oxycoccus  
Veronica ″ Pseudolysimachion  
Vincetoxicum ″ Cynanchum p.p.  
Viscaria  Silene  
Warnstorfia ″ Drepanocladus p.p. 
Woronowia  Geum  
Xanthogalum  Angelica  
Xanthoparmelia p.p.   Parmelia 



5.2 Map of the Natural Vegetation of Europe 
 

502  

5.2 Overview of the physiogeographical classification of Europe 
Jerzy Kondracki, with contributions by Udo Bohn & Gisbert Wehner 

(based on J. KONDRACKI 1996, J. KONDRACKI & J. OSTROWSKI 1997, completed and in parts modi-
fied) 

(Explanations see Chapter 2.1; location see Map 1) 

Northern Europe (approximately 1.5 mill. km²) 
1 FENNOSCANDIA, ICELAND, ARCTIC ISLANDS 
 11 Iceland 
  111   Vatnajökull 

 12  Jan Mayen island 
 13 Faeroe Islands 
 14 Scandinavian Peninsula with its offshore islands 
  141-143  Scandinavian Mountains  
    Finmark 
    Lapland 
    Lofoten 
    Vesterålen 
  144-1481  Swedish slopes of the Scandinavian Mountains and lowlands 
    Jämtland 
    Scandinavian lowlands 
    Southern Swedish Upland 
    Schonen 
    Öland 
    Gotland 

 15 Finnish-Karelian Shield 
    Finnish-Karelian lakeland 

 16 Kola Peninsula 
 17 Svalbard and Bear Island 
 18 Franz Josef Land 
 19 Novaya Zemlya 
  Adjacent oceans:  
   Arctic Ocean  
   Barents Sea 
   White Sea 
   Kara Sea 
   North Sea 
   Skagerrak 
   Kattegat 
   Baltic Sea 
   Gulf of Bothnia 
   Gulf of Finland 

Western and Central Europe (approximately 2.25 mill. km²) 
2 BRITISH ISLES AND FRANCE 
 21 Ireland 
  2111 Wicklow Mountains 
  212 Connemara 
  213 Donegal 
  214 Shannon River valley 

 22 Great Britain and neighbouring islands 
  221 Shetland Islands and Orkney Islands 
  222 Hebrides 
  223 Northern Scottish Highlands 

                                                            
1  Numbers of the physico-geographical units: see Map 1 
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  224 Central Scottish depression 
  225 Southern Scottish Uplands 
  226 Northern England and Midlands (e.g. Isle of Man, Pennines, Cambrian Mountains) 
  227 Wales and peripheral area  
  228 English lowland (with the Basin of London) 
  229  Southern England (with the Cornwall Peninsula) 
  Adjacent Oceans: 
   Atlantic Ocean 
   North Sea 
   English Channel 

 23a Atlantic France 
  231-2342 Basin of Paris and surrounding plateaux 
  235 Armorican Massif (Brittany) 
   Normandy 
   Picardy 

 23b Central and Southern France 
  236 Aquitaine basin (Landes) 
  237 Massif Central  
  238 Saône-Rhône depression 
   Causses 
    Cevennes 

3 NORTHERN CENTRAL EUROPE 
 31 Central European lowlands  
  311 Jutland and Danish Islands 
  312 Northwest-Central European lowland (Frisia)  
  313 South Baltic coastlands 
  314 South Baltic ridges and lakelands 
  316 Elbe-Oder lowland 
  317 Central German (Saxonian-Lausitz) lowland 
  318 Central Polish lowland 
  Adjacent Oceans: 
   North Sea with German Bay  
   Baltic Sea 

 32 Hercynian Central Europe (uplands and cuesta landscapes) 
  321 Ardennes  
  322 Rhenish Slate Mountains 
  323 Weser-Leine and Hessian Uplands 
  324 Harz 
  325 Thuringian Forest 
  326a Area of the Upper Rhine (Vosges, Upper Rhine lowland, Black Forest) 
  326b Cuesta landscapes (Swabian and Franconian Jura etc.) 

 33 The Bohemian Massif and its surrounding mountain ranges 
  331a Bavarian and Bohemian Forest 
  331b Upper Palatinate Forest, Fichtelgebirge 
  331c Erzgebirge (Ore Mountains) 
  331d Elbsandstein Mountains, Lausitz Upland  
  332 Sudeten 

 34 The Polish Uplands (with the Czestochowa-Kraków upland and Galicia)  

4 ALPINE COUNTRIES   
 41 Jura Mountains 
 42 Northern foothills of the Alps 
  421 Swiss Mittelland 
  422-424 South German foothills of the Alps  
  425  Austrian foothills of the Alps 

 43 Alps 
  431-433 Western and Central Alps (Maritime Alps, Dauphiné Alps, Graian Alps, Valais Alps, Bernese Alps, 

Rhaetian Alps), Tirolean Alps (Ötztal Alps, Kitzbühel Alps, Zillertal Alps, Hohe Tauern), Ortler Group, 
Bergamo Alps, Dolomites  

                                                            
2  Numbers of the physico-geographical units: see Map 1 
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  434-437 Eastern Alps (with Niedere Tauern, Gurktal Alps, Carnic Alps, Julian Alps, Karawanken) 
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44 North Italian lowlands  
  441-443 Plains and hills of Piedmont and Lombardy  
  444 Po Plain 
  445 Venetian lowland 
  446 Venetian lagoon and delta coastline 

5 CARPATHIAN COUNTRIES 
 51 Western Carpathian Mountains and outer foothills  
  511 Western foothills of the Carpathian Mountains 
  512 Northern foothills of the Carpathian Mountains 
  513 Outer western Carpathian Mountains (Beskids) 
  514 Central western Carpathian Mountains (High Tatra) 
  515-516 Inner western Carpathian Mountains (Lower Tatra, Slovakian Erzgebirge) 

 52 Eastern Carpathian Mountains and outer foothills  
  521 North-eastern foothills of the Carpathian Mountains 
  522 Outer eastern Carpathian Mountains 
  523 Inner eastern Carpathian Mountains 
  524 Moldavian-Transylvanian Carpathian Mountains 
  525 South-eastern arc of the Carpathian Mountains  
  526  Eastern sub-Carpathian Mountains 

 53 Southern Carpathian Mountains and outer foothills  
  531 Southern Carpathian Mountains 
  532 Southern sub-Carpathian Mountains 
  533 Banater Mountains 
  534  Fagarash Mountains 

 54 Transylvanian basins and mountains  
  541 Transylvanian basin 
  542  Western Romanian mountains (Apuseni and Bihar Mountains) 

 55 Pannonian Basin 
  551 Lesser Middle Danube basin 
  552 Trans-Danubian mountain range 
  553 Trans-Danubian hill country with Mecsek Mountains 
  554 Northern Croatian and Serbian upland 
  555  Great Middle Danube basin 

 56 Lower Danube plain 
  561 Walachian plains 
  562 Lower Danube plain with Danube Delta 
  563 Dobruja 

Southern Europe (approximately 1.25 mill. km²) 
6 MEDITERRANEAN SOUTHERN EUROPE  
 61 Iberian Peninsula with Balearic Islands  
  611 Pyrenees  
  612 Galician-Cantabrian Mountains 
  613 Portuguese mountains and coastlands (Algarve etc.) 
  614 Andalusian plain (Andalusia) 
  615 Meseta 
  616 Ebro basin 
  617 Cantabrian Mountains and coastland 
  618 Baetic Mountains and coastland (Sierra Nevada) 
  619 Balearic Islands (Ibiza, Majorca, Minorca) 
   Old Castile 
   Estremadura, Extremadura 
   Castilian Mountains 
    New Castile 

  
62 Central Mediterranean area (French and Italian Mediterranean coastland with islands) 
  621 Languedoc 
  622 Provence, Côte d'Azur 
  623 Corsica 
  624 Sardinia 
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  625 Liparian Islands 
  626 Sicily and Aegadian Islands 
  627 Pantelleria and Pelagian Islands 
  628  Malta Islands 
  Adjacent Oceans: 
   Ligurian Sea 
   Tyrrhenian Sea 

 63 Apennine Peninsula 
  631 Northern Apennine 
  632 Lowland and hill country of Tuscany and Umbria 
  633 Lowland and hill country of Latium 
  634 Central Apennine 
  635 Central Italian Adriatic coastline 
  636 Apulia  
  637 Southern Apennine 
  638 Campanian plains and mountains 
  639  Calabrian Peninsula 

 64 Balkan Peninsula and neighbouring islands  
  641 Dinaric Mountains 
  642 Dalmatian coast 
  643 Lower Albania, Pindos Mountains and Ionian Islands 
  644-646 Macedonian-Thracian massifs and basins (Thrace, Macedonia, Rhodope Mountains, Chalcidice) 
  647 Northern and central Greece (Olympus) 
  648 Peninsula Peloponnesus/Peloponnese Peninsula 
  649 Aegean Islands (Crete, Rhodes etc.) 
    Istria  

 65 The Balkan Mountains 
  651 Northern Bulgarian plateau 
  652 East Serbian mountains 
  653 Foothills of the Balkan Mountains (pre-Balkan) 
  654  Balkan Mountains 
  Adjacent Oceans:  
   Adriatic Sea 
   Aegean Sea 
   Black Sea 

Eastern Europe (approximately 5 mill. km²) 
7 CAUCASUS AND CRIMEA 
 71 Crimean Peninsula 
  711 Northern (steppic) Crimea  
  712  Crimean Mountains (Jaila Mountains) 

 72 Pre-Caucasus plains 
  721 Kuban-Azov lowland 
  722 Stavropol’ Upland 
  723  Terek-Kuma lowland 

 73 Great Caucasus 
  731 Slopes of the northern Caucasus 
  732 Slopes of the Dagestan Caucasus 
  733 High Cauacasus 
  734 Northern Caucasian coast of the Black Sea  
  735 Colchis downward slope of the Great Caucasus 
  736  Kachetian-Sekin slopes of the Great Caucasus 

 74 Colchidian (Rioni) lowlands (belonging to Asia Minor) 
 75 Kura lowland (belonging to Asia Minor) 
  
76 Lesser Caucasus, Talish Mountains (belonging to Asia Minor) 
  Adjacent Oceans: 
   Sea of Azov 
   Black Sea 
   Caspian Sea 
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8 EAST EUROPEAN LOWLAND 
 81-83 North Russian lowland 
  811 Kolguyev 
  812 Kanin Peninsula 
  813 Malozemelskaya tundra 
  814 Bolšezemelskaya tundra 
  821 Mezen lowland 
  822 Onega-Dvina lakeland 
  823 Onega Peninsula  
  824 Dvina lowland 
  825 Timan Ridge 
  826 Pechora lowland 
  827  North Russian Ridge 

 83 Central Russian lowland 
  831 Lake Ilmen lowland 
  832 Valdai hills and lakeland 
  833 West Russian Ridge (partly) 
  834 Basin of Moscow 
  835 Upper Volga lowland 
  836 Unča-Vetluga lowland  
  837 Oka-Volga lowland 
  838-839 Foothills of the Urals 

 84 East Baltic and Belarusian lowland 
  841 East Baltic coastal plain 
  842 East Baltic lakeland 
  843 Belarusian Ridge 
  844 Berezina-Desna lowland 
  845  Polesje (partly) 

 85-86 South Russian lowland 
  851  Volyn-Podilsk Upland, Dnieper Upland 
  852 Dnieper lowland 
  853 Central Russian Upland (partly) 
  854 Oka-Don lowland (partly) 
  855 Volga Upland 
  856 Trans-Volga lowland 
  857 Trans-Kama area 
  858 Trans-Volga hill country 
  861 Black Sea lowland 
  862 Donets Upland 
  863 Don hill country 
  864 Oka-Don lowland (partly) 
  865 Southern Volga Upland 
  866 Lower Don lowland 
  867 Jergeni hills 
  868  North Caspian lowland 

9  URAL REGION 
 91  Paj-Choj Ridge and Vaygach 
 92 Polar Urals 
 93 Northern Urals 
 94 Central Urals 
 95 Southern Urals 
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Explanation of the Abbreviations 

Explanatory text 
 
Data sheets and explanatory texts for the Mapping Units (MUs) 

DN - National contribution (responsible for all data sheets/MUs for one country) 
DE - National contributions for individual MUs (explanatory text, data sheets) 
DS - Synthesis for several countries 
DF - Contribution for one formation 
DT - Contribution on single topics (e.g. distribution, soil, climate) 
DG - General editing (consistency checks, final revision) 

General text chapters 

TA - Author of a chapter 
TB - Contributor to a  chapter 
TE  - Editor of a chapter (final revision)  
TS/TSE - Linguistic revision (TS = German text, TSE = English text) 

Formation texts 

FT - Partial contribution for a formation 
FR - Author/editor responsible for a formation 
FE - Final editing of a formation 
FS/FSE - Linguistic revision (FS = German text, FSE = English text) 

Species list (vascular plants = G, bryophytes = M, lichens = F) 

A - Compilation from the legend, data sheets and texts 
AT - Revision of taxonomy and nomenclature  
AV - Standardisation of the names in the legend, data sheets and texts 

Bibliography (including maps) 

Li - Provision of literature citations 
LiE - Entry of literature citations, database management 
LiG - General editing 
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Translation of texts  

Ü - from Russian, French, English, Spanish  German; from German  English 
ÜS - Linguistic revision (English) 

Glossary 

GL - Compilation of technical terms and their definitions 
GLE - Final editing  

Clerical work 

SD - Data sheets 
ST - Explanatory text 

Drawings, graphs (maps, climate diagrams, profiles for the explanatory text) 

Z - Compilation, draft versions 
ZA - Implementation  
 
General editing 
ER - General editing of the explanatory text 
EL - Consistency check and layout of the explanatory text 

Entire  legend 

LN - National contributions (all MUs of a country) 
LR - Regional contributions (individual MUs of one or more countries) 
LF - Compilation of one formation (all countries) 
LE - Electronic input and processing (general), layout 
LG - General editing 
LÜ - Legend of the 1:10 million overview map 
LS - Linguistic revision of the English version 

Vegetation maps at the scales of 1:2.5 million and 1:10 million (contributions to the draft maps) 

VN - National contributions (for an entire country) 
VR - National or regional contributions for portions of the map (specific MUs, specific sections of 

the map) 
VT - Regional editing 
VG - General editing (consistency checks, corrections etc.) 

Cartographical work on the 1:2.5 and 1:10 million vegetation maps  

KT - Topographical base maps at the scales 1:2.5 and 1:10 million 
KM - Draft maps (boundaries, numbers/codes, colors) 
KR - Fair drawing of the 1:2.5 million map sheets (boundaries, codes, colours, signs and symbols) 
KF - Foil engraving, application of MU codes 
KS - Colours, signs and symbols (draft version) 
KÜ - Generalisation for the 1:10 million overview map 
Di - Digitisation of the 1:2.5 and 1:10 million maps (including corrections) 
DiB - Further treatment of digital data (maps, legend sheet, map excerpts) up until going to press  
DiK - Production and digitisation of the black-and-white Maps 1 and 3 
KG - General editing 

Entire Project 

IP - Initiator of the mapping project 
O - Organizer of workshops, conferences 
RK - Member of the editorial committee 
KoT - Regional coordinator (map, explanation of the MUs, text) 
KoG - General coordinator (map, legend, text etc.) 
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Other Abbreviations 

BfN  Federal Agency for Nature Conservation, formerly BFANL, Bonn  
KIB  Komarov Botanical Institute, Russian Academy of Sciences, St. Petersburg 
BIC  Institute of Botany of the Academy of Sciences of the Czech Republic, Průhonice 
MU(s)  Mapping unit(s) 
†  Deceased 






























