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Project Vegetation
of the Czech Republic:
Preface and summary of methods

Milan Chytry

The development and current
state of phytosociological
research in the Czech Republic

The classification of plant communities using
relevés, i.e. the lists of plant species including
data on their quantitative representation in small
plots, has a long tradition in Central Europe, dat-
ing back to the first decades of the 20" century.
The basic methodological principles of phyto-
sociology were formulated by the Swiss plant
ecologist Josias Braun-Blanquet (1921, 1928).
Braun-Blanquet’s methods spread quickly in a
number of European countries. The first pioneer-
ing studies in the former Czechoslovakia were
carried out e.g. by Jaromir Klika, Vladimir Kraji-
na, Rudolf Mikyska, Pavel Sillinger and Alois
Zlatnik in the 1920s and 1930s. They focussed
on classification and inventory of plant commu-
nities and provided a good overview of major
vegetation types, summarized by Jaromir Klika
in the annotated lists of plant communities of
Czechoslovakia and Central Europe (Klika in Kli-
ka & Novék 1941: 53-71, Klika & Hada¢ 1944,
Klika 1948, 1955). These lists were elaborated to
the level of phytosociological alliance and nei-
ther included associations — the fundamental
units of vegetation classification. However, they
were compiled at approximately the same time
as the foremost representatives of European phy-
tosociology, Josias Braun-Blanquet and Reinhold
Tlxen, attempted to make an analogous list of
the vegetation of Central Europe (Braun-Blanquet
& Tixen 1943). Czech vegetation scientists thus
contributed significantly to the formation of the
basic classification scheme of European vege-
tation.

After World War Il, the newly established Geo-
botanical Laboratory and later Institute of Botany

of the Czechoslovak Academy of Sciences in
Prdhonice became the centre of phytosociologi-
cal research on Czechoslovak vegetation. The
team led by Rudolf Miky$ka, which included dis-
tinguished scientists such as Jaroslav Moravec,
Robert Neuh&usl and Zdenka Neuh&uslova, stud-
ied Czechoslovak vegetation within the framework
of an ambitious project aimed at mapping re-
constructed natural vegetation. The map was
published as a book with explanatory text (Mikys-
ka et al. 1968) and map sheets at the scale of
1 : 200 000. Besides vegetation mapping, which
contributed a great deal to the knowledge on the
diversity of natural forest vegetation, research into
other types of plant communities also progressed
markedly in the 1960s. Jan Jenik, Charles Univer-
sity, Prague, focussed on alpine and subalpine
vegetation, while Slavomil Hejny and Karel Ko-
pecky from the Institute of Botany in Prdhonice
studied aquatic, wetland and synanthropic vege-
tation types. University and academic centres in
Brno also contributed to this kind of research: Jifi
Vicherek studied various types of grassland and
wetland vegetation, Emilie Balatova-Tula¢kova in-
vestigated meadows and Kamil Rybni¢ek mires.
The results obtained in this period appeared in
a new overview of plant communities at the level
of phytosociological alliances and classes (Holub
et al. 1967).

Since the 1960s phytosociological classifica-
tion of vegetation has been routinely implemented
as an approach to inventory in institutions en-
gaged in environmental protection and botanical
research of selected areas. Further major contri-
butions to the knowledge of plant communities in
various regions within the Czech Republic were
published by the above-mentioned authors as well
as Denisa Blazkova, FrantiSek Griill, Emil Hadag,
Miroslava Husovad, Vladimir Jehlik, Jifi Kolbek,
Jarmila Kubikova, Antonin Pysek, Jaroslav Rydlo,
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Jaromir Sofron, Tomas Sykora, Miloslav Toman
and others. At the beginning of the 1980s the
knowledge of plant communities of the Czech Re-
public was sufficiently detailed to allow the
compilation of the first overview of vegetation
units at the level of association (Moravec et al.
1983a; the second, updated edition was published
in 1995). The second edition contains 665 asso-
ciations, 150 alliances, and 44 classes. Although
this overview played a key role in the synthesis of
current knowledge and remains the only com-
plete survey of vegetation units in the Czech
Republic at the level of associations, it has a num-
ber of shortcomings. The specification of many
vegetation units included in the overview is rather
ambiguous and their characteristics are too brief
to be sufficient for identification. Attempts were
made to eliminate these shortcomings by adding
more detailed descriptions to all associations in
the series entitled Vegetation Survey of the Czech
Republic, edited by Jaroslav Moravec. However,
even this series did not provide the necessary
baseline data of a modern survey, i.e. tables with
floristic composition of vegetation units and dis-
tribution maps. The volumes that have been
published so far (Moravec 1998, Moravec et al.
2000, Husova et al. 2002, Neuh&uslova 2003) deal
only with forest vegetation.

Since the 1990s phytosociological classifi-
cation has acquired increasing importance in
Europe, particularly in the connection with the
adoption of the Habitats Directive (92/43/EEC).
The Habitats Directive implemented the principle
that the selection of protected areas should
proceed on the basis of the representative distri-
bution of endangered habitats. Vlegetation is the
most suitable component for the typification of
terrestrial habitats and phytosociology thus seems
to be a suitable method for habitat classification.
Being based on the detailed analyses of species
composition of plant communities, phytosocio-
logy is also crucial for biodiversity protection.
Therefore, the phytosociological system was
adopted in the corrected form in the European
schemes of habitat classifications such as EUNIS
(Davies & Moss 1997; http://eunis.finsiel.ro/eunis/
habitats.jsp). The European systems of habitat
classification were adapted to the needs of the
Czech Republic and interpreted in the Habitat
Catalogue of the Czech Republic (Chytry et al.
2001a), which became the starting point for the

national mapping of habitats within the Natura
2000 project from 2001 to 2004.

The “Vegetation of the Czech
Republic” project

The demand by environment protection agencies
for consistent and well-documented systems of
vegetation classification led in the 1990s to the
implementation of modern national projects of
vegetation classification in some European coun-
tries, e.g., Great Britain (Rodwell 1990-2000),
Austria (Mucina et al. 1993b), the Netherlands
(Schaminée et al. 1995-1999), Slovakia (Valacho-
vi¢ et al. 1995, Jarolimek et al. 1997, Valachovi¢
2001), Germany (Dierschke 1996 et seq.) and the
German federal state of Mecklenburg-Vorpom-
mern (Berg et al. 2004). These projects have the
following features in common: thorough revision
of previously described vegetation units on the
basis of a critical reassessment of large relevé
data sets; documentation of accepted asso-
ciations using species composition tables; the
detailed revision of the nomenclature of vegeta-
tion units; and the compilation of the distribution
maps of phytosociological associations within the
area in question. Research teams have shared
their experiences from these projects with vege-
tation scientists from other European countries
at the annual meetings of the European Vegeta-
tion Survey working group that have been held
every year since 1992 (Mucina et al. 1993c, Rod-
well et al. 1995). This working group has also
produced the European synopsis of vegetation
units at levels ranging from classes to alliances
(Mucina 1997a, Rodwell et al. 2002).

Despite a long tradition of phytosociological
research and a good level of documentation of
vegetation, the Czech Republic did not possess
the modern classification of vegetation. In 1995 a
decision was made to start to work on a new
monograph entitled Vegetation of the Czech Re-
public. The initial, partial goal was to generate the
Czech National Phytosociological Database which
would contain the representative sample of rele-
vés from different habitats and regions of the
Czech Republic in an easily accessible electronic
format (Chytry & Rafajova 2003). Such relevés
existed but were scattered in a number of scien-
tific books, articles, theses, unpublished research
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reports, inventory surveys of protected areas, field
books and other written materials maintained by
different botanists. Thanks to Professor John S.
Rodwell from Lancaster University (UK) and Ste-
phan M. Hennekens from Alterra — Green World
Research in Wageningen (The Netherlands), we
were able to use know-how from the British and
Dutch vegetation classification projects from
the very beginning of our work on the database.
In 1995-1997, John Rodwell arranged a series
of courses to acquaint with the principles of
phytosociological database management and
particularly with the computer program TURBO-
VEG (Hennekens 1995, Hennekens & Schaminée
2001). The author of this program Stephan M.
Hennekens kindly provided it to Czech users free
of charge. TURBOVEG was prepared for use in
Central Europe in cooperation with colleagues
from Austria (Ladislav Mucina, Harald Niklfeld,
Walter Gutermann) and Slovakia (Milan Valacho-
vi¢, Ilvan Jarolimek) and in 1996 it was made
accessible to all vegetation scientists in the Czech
Republic (Chytry 1996). In February 1997 Masaryk
University in cooperation with John Rodwell or-
ganized a TURBOVEG training course in Brno for
colleagues and students from the Czech Repub-
lic and Slovakia. Subsequently, a network of local
TURBOVEG coordinators was established, which
covered all major botanical institutions in the
Czech Republic.

Financial support from the Czech Science
Foundation has enabled the employment of a
database administrator since 1999. This position
was occupied by Marie Rafajova (1999-2003),
llona Knollova (2003-2005) and Stépanka Kralova
(since 2005). Professional database management
and contributions from a number of co-workers
from Masaryk University, the Institute of Botany
of the Academy of Sciences of the Czech Repub-
lic and other institutions resulted in the fast
population of the database (Chytry & Rafajova
2003). By the end of 2005, the database included
a total of 72,476 relevés, recorded on the territo-
ry of the Czech Republic in the period from 1922
to 2005. The database is thus probably third larg-
est in the world following the Dutch and French
databases (Ewald 2001).

Besides the creation of the relevé database,
the preparation of the monograph \egetation of
the Czech Republic also necessitated the devel-
opment and testing of methods for vegetation

classification using large data sets. In the case
of data sets with tens of thousands of relevés,
standard methods developed for classification of
smaller data sets are not suitable or do not allow
the potential of these data to be fully exploited. In
addition, there has been only very limited expe-
rience with how various shortcomings in data
quality affect the analysis of large relevé data
sets. It was therefore necessary to perform vari-
ous methodological studies. One of the challenges
was to establish a method of selection of rele-
vés from the database which would prevent the
negative impact on the resultant classification
caused by the uneven distribution of relevés with-
in the Czech Republic (Knollova et al. 2005). For
vegetation classification on the basis of a phyto-
sociological database, we selected the Cocktail
method (Bruelheide 1995, 2000). This method cre-
ates explicit definitions of vegetation units which
allow an unambiguous assignment of every relevé
to these units. It thus allows matching of newly
obtained relevés to the units of established
classification. The Cocktail method underwent
comprehensive testing and modifications and was
extended with a procedure that enabled the as-
signment of relevés to vegetation units based on
similarity (Ko¢i et al. 2003, Tichy 2005). Attention
was also devoted to the testing and development
of statistical methods to determine species fidel-
ity to vegetation units (Chytry et al. 2002, Tichy
& Chytry 2006), an important criterion in the
determination of diagnostic species and the pre-
sentation of vegetation classification in tables.
Chytry & Tichy (2003) calculated species fidelities
to vegetation classes and alliances of the current
standard vegetation classification of the Czech
Republic (Moravec et al. 1995), using data from
the Czech National Phytosociological Database.
Based on this analysis, they were able to evaluate
the quality of delimitation of vegetation units. This
work was used as a guideline for identification of
(1) which vegetation units from the current classi-
fication should be adopted in the new classification
system and (2) which should be eliminated or
modified. Since 1998 all methods of analysis of
phytosociological data used in the project have
been included in the computer program JUICE
(Tichy 2002), which has become a tool for the com-
prehensive analysis of phytosociological data and
is currently being used by a number of individuals
and institutions in many countries worldwide.
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The preparation of the first volume of the
monograph Vegetation of the Czech Republic was
supported by the Czech Science Foundation
(GACR) grant no. 206/02/0957 (2002-2004). The
project was managed at the former Department
of Botany (now Department of Botany and Zoolo-
gy), Masaryk University, Brno, with the Institute of
Botany of the Academy of Sciences of the Czech
Republic acting as a cooperating institution. Be-
sides the authors of the treatments of individual
syntaxa, the project involved several colleagues
without whose contributions this book would nev-
er have been completed. Lubomir Tichy developed
software tools for the comprehensive analysis of
phytosociological data. llona Knollovd managed
the phytosociological database and prepared the
data sets for analysis. Zdenka Otypkova and
Katrin Karimova were involved in editing of the
database. Jifi Danihelka produced a database for
automatic conversion of species taxonomy and
nomenclature used in the TURBOVEG program
to those used in the Key to the Flora of the Czech
Republic and also undertook a detailed linguistic
revision of the Czech text. Ondrej Hajek prepared
all the maps used in this book and took part in
the preparation of the predictive distribution mod-
els. Klara Kubosova developed the statistical
models used for the prediction of potential distri-
bution. Jifi Rozehnal was responsible for the
design of graphs and provided the hardware and
software support. The final editing of the manu-
script and publication of this book were supported
by the grants nos. GACR 206/05/0020, GACR
206/06/0659 and MSM 0021622416.

The hierarchy of the system
of plant communities

The European phytosociological school recog-
nizes four main hierarchical levels (ranks) of
phytosociological units (syntaxa), which differ by
the endings of their Latin names. The ranks, ar-
ranged from the lowest to the highest, are as
follows: association (ending -etum), alliance (-ion),
order (-etalia) and class (-etea). Apart from syn-
taxa of these main ranks, there are also syntaxa
of supplementary ranks, subassociation (-eto-
sum), suballiance (-enion), suborder (-enalia) and
subclass (-enea). The nomenclature of these syn-
taxa is governed by the International Code of

Phytosociological Nomenclature (ICPN; hereafter
referred to as the Code; Weber et al. 2000).

We believe that a simple hierarchy is con-
venient for the practical use of a system of
vegetation units on the national level. Therefore,
we only use four hierarchical ranks in the pre-
sented system, namely class, alliance, association
and variant. Classes, alliances and associations
are frequently used in practice to identify various
vegetation types. We do not use orders as they
are not of great significance on the national level,
and because classes usually contain a manage-
able number of alliances, which do not need to
be arranged hierarchically by introducing yet an-
other classification rank. Moreover, the application
of orders has often not stabilized, since their
meaningful definition would require the revision
of the respective vegetation classes throughout
their distribution range; this has not yet been pos-
sible with the current level of knowledge of the
diversity of European vegetation. We also do not
use suballiances, suborders or subclasses. Until
now suballiances have been used in the Czech
Republic for only a few alliances (Moravec et al.
1995). However, we do consider it suitable to use
classification units below the rank of association
in order to express internal variability. Subassoci-
ations could be suitable for this purpose, but the
problem is that for many associations, there are
plenty of subassociations described that have
rather limited, local validity, overlap each other
and are defined according to mutually incompat-
ible criteria. Based on analysis of the variability of
relevés within a given association we have at-
tempted in the present work to define two to four
major subtypes inside the associations. Often
these subtypes could not be unambiguously iden-
tified with the described subassociations, and
thus named correctly according to the Code. We
therefore used the variant as a classification unit
at the hierarchical level below the association,
because its nomenclature, unlike that of subas-
sociation, is not governed by the Code. This
means that ad hoc names can be used irrespec-
tive of the units described previously. We do not
distinguish variants for relatively homogeneous
associations with small internal variability.

For the purpose of the coding of vegetation
units in maps and databases, all vegetation units
used are given unique codes, which simulta-
neously reflect their rank in the classification
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hierarchy, e.g. TBB03, or TBB03a, respectively.

The meaning of these abbreviations is as follows:

— The first letter indicates the formation group
according to the Habitat Catalogue of the
Czech Republic (Chytry et al. 2001a) and is
selected to reflect the name of the formation
group. For instance, the letter A denotes alpine
vegetation while the letter T indicates vegeta-
tion of secondary grasslands and heathlands;

— The second letter is presented in the alpha-
betical order and indicates the class within
the formation group;

— The third letter is also given in alphabetical
order and indicates the alliance within the
class;

— The two-digit number indicates the associa-
tion within the alliance;

— The small letter provided in alphabetical order
indicates the variant within the association.

The concept of associations
and other vegetation units

The variability of species composition in plant
communities is usually continuous: clearly defined
vegetation units are rather rare in nature. How-
ever, vegetation classification is important for
practical purposes, e.g. for habitat inventory and
mapping. Classification can be performed using
several alternative approaches, of which none can
be declared the best. The classification in the
monograph Vegetation of the Czech Republic
largely adopted traditional vegetation units used
in the last edition of the list of plant communities
of the Czech Republic (Moravec et al. 1995), in
the vegetation overviews of neighbouring coun-
tries (Mucina et al. 1993b, Schaminée 1995-1999,
Pott 1995, Valachovi€ et al. 1995 et seq., Matusz-
kiewicz 2001, Schubert et al. 2001, Borhidi 2003,
Berg et al. 2004) and in the pan-European over-
views (Mucina 1997a, Rodwell et al. 2002). We
did not aim at the formation of a new classifi-
cation but at a critical review of the current
classification, to which Czech and Central Euro-
pean users are accustomed. The main goals of
this revision, based on analysis of large relevé
data sets, were as follows: (1) to eliminate
overlaps in the definitions of the currently distin-
guished vegetation units, (2) to exclude from the
syntaxonomic system units with poor floristic dif-

ferentiation, which are difficult to recognize both
in the field and in the databases, and (3) to adapt
the definitions of the vegetation units of the Czech
Republic to concepts accepted in neighbouring
countries, provided they are not in conflict with
the variability of the vegetation occurring on the
territory of the Czech Republic.

The large relevé data sets can be classified
using methods of unsupervised or supervised
classification (Ejrnaes et al. 2004). Unsupervised
classification algorithms seek the main gradients
in species composition, more significant dis-
continuities and relatively homogeneous relevé
groups within the relevé data sets. The use of
these algorithms yields the division of the relevés
into groups which is dependent only on the in-
formation contained in the data set. The most
commonly used methods of unsupervised classi-
fication include TWINSPAN (Hill 1979) and cluster
analysis (Legendre & Legendre 1998, Podani
2000). Different variants of these algorithms as
well as different data transformations provide
slightly different results. However, the majority of
them reflect the variability inside the data set quite
well. The main disadvantage of unsupervised clas-
sification is that the result is always unique for
the given set of relevés. If the data set is partially
altered, e.g. by the addition of newly obtained
relevés, the classification may change consider-
ably and some of the relevés that have been
assigned to a particular group during the classifi-
cation of the original set will be assigned to
a different group during the classification of the
altered set. Unsupervised classifications thus do
not ensure the stability of vegetation classifica-
tion of large areas. The project \egetation of the
Czech Republic employed unsupervised classi-
fications in pilot studies to identify the main
gradients within individual vegetation types on the
territory of the Czech Republic and neighbouring
countries (e.g. Havlova et al. 2004, Botta-Dukat
et al. 2005). However, the final version of the
classification was generated using a supervised
classification method.

Supervised classifications use external pre-
defined criteria of what the individual vegetation
types should look like. These criteria are inde-
pendent of the data set being classified. The
vegetation classification at the level of associ-
ations in the project Vegetation of the Czech
Republic was performed using the supervised
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classification method Cocktail (Bruelheide 1995,
2000). This method imitates the traditional phy-
tosociological classification approach using the
sociological groups of species. It was tested with
various data sets and slightly modified in com-
parison with its original version (Bruelheide &
Chytry 2000, Kod¢i et al. 2003, Lososova 2004).
Based on large sets of relevés, Cocktail quanti-
fies species co-occurrence rates and generates
sociological groups from species with a strong
tendency to occur together in relevés. When so-
ciological groups are to be generated, the initial
species of the groups can be selected subjectively
so as to characterize the traditional vegetation
units well. However, the assignment of other
species to a particular group is subjected to a
statistical check to indicate whether one species
matches the group better than others. Sociologi-
cal groups are named after one of the group’s
species. The next phase delimits the vegetation
units by means of formal definitions with the log-
ical operators AND, OR or NOT. These definitions
determine which sociological groups must be
present or absent in a relevé in order this relevé
can be assigned to the particular vegetation unit.
We produced Cocktail definitions of associations
but not of the vegetation units of other ranks. The
testing of the Cocktail method revealed that a
large number of traditional associations could not
be defined purely by floristic composition, with-
out considering dominance of some species
(Ko¢i et al. 2003). As a result, the formal defini-
tions include the dominance of selected individual
species, in addition to the presence/absence of
sociological species groups. For example, the
Cocktail definition of the association Angelico
sylvestris-Cirsietum oleracei has the following
form:

Group Caltha palustris AND Group Cirsium
oleraceum NOT Group Cirsium rivulare NOT
Carex cespitosa cover > 25 % NQOT Filipendu-
la ulmaria cover > 25 %.

This means that a relevé is assigned to the asso-
ciation if it contains both the Caltha palustris
sociological group and the Cirsium oleraceum
group and, at the same time, it does not contain
the Cirsium rivulare group nor the species Carex
cespitosa with the cover higher than 25% nor the
species Filipendula ulmaria with the cover higher

than 25%. The sociological group is considered
to be represented in the relevé if the relevé con-
tains at least half of all species of the group. The
overview of sociological species groups used in
the first volume of Vegetation of the Czech Re-
public is provided in Table 1 (page 22). The formal
definitions of associations were elaborated in
such a way that the groups of relevés specified
by them matched as much as possible the tradi-
tionally distinguished associations. In the course
of the elaboration of formal definitions attempt
was made to formally define all associations in-
cluded in the latest list of vegetation units of
the Czech Republic (Moravec et al. 1995) and
some associations not yet reported from the
Czech Republic but recognized in neighbouring
countries. It was shown that many associations
mentioned by Moravec et al. (1995) overlap in their
delimitations while others cannot be defined at
the national scale at all due to their poor floristic
differentiation. As a result, the number of associ-
ations recognized in the monograph Vegetation of
the Czech Republic is lower than in the list by
Moravec et al. (1995). However, the accepted
associations are clearly defined and well recog-
nizable. Thus, the Cocktail method prevents the
inflation of vegetation units (Pignatti 1968), i.e.
the description of an increasing number of asso-
ciations which are usually of limited local validity
or have poor differentiation as compared with the
previously described associations.

It should be emphasized that associations
defined by the Cocktail method are defined sub-
jectively, i.e. like the associations in the traditional
phytosociological classification. However, they
have one major advantage compared with tra-
ditional classification: they are defined using
unambiguous criteria which allow the consistent
assignment of any relevé to the particular associ-
ation. They can therefore serve as a suitable basis
for computer expert systems, i.e. programs that
will compare every submitted relevé with the for-
mal definitions of associations and assign it to
the particular association.

An important property of the Cocktail method
is that some relevés, particularly those consisting
of mainly generalist species, are not assigned to
any association and thus remain unclassified. Up
to 50-70% of relevés usually remained unclassi-
fied in our tests. This feature reflects traditional
phytosociological experience that the majority of
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vegetation stands occurring in the field cannot
be assigned to associations. However, in some
practical applications of phytosociological clas-
sification, e.g. in vegetation mapping, it is not
desirable that some stands are not assigned to
classification units. We have therefore developed
a two-step classification. In the first step, the
relevés are assigned to associations according
to formal definitions. In the second step, the
relevés that have not been assigned to any asso-
ciation by formal definitions are compared with
the species composition of groups of relevés that
have already been assigned to individual associ-
ations and subsequently assigned to the most
matching association (Ko¢i et al. 2003, Tichy
2005).

The adopted concept of alliances and class-
es relies particularly on the statistical analysis of
the quality of the delimitation of alliances and
classes described by Moravec et al. (1995) that
was performed by Chytry & Tichy (2003) on the
basis of the data from the Czech National Phy-
tosociological Database. The analysis evaluated
not only the sharpness of each unit, i.e. the num-
ber and the quality of its diagnostic species, but
also the uniqueness of the unit, i.e. the degree of
overlap of the particular vegetation unit with other
vegetation units. As an auxiliary criterion, the
major alliances and classes accepted in the veg-
etation overviews of neighbouring countries and
international overviews were also taken into ac-
count.

The technical procedure
of defining associations
and other vegetation units

The set of 53,097 relevés from the Czech Republic
available in the Czech National Phytosociological
Database on 1 July 2002 was used to generate
sociological groups of species and formal defini-
tions using the Cocktail method. This set was
elaborated to contain as many different vegeta-
tion types as possible. It thus includes not only
grassland and low-shrub vegetation, but also
relevés of anthropogenic, aquatic, wetland, chas-
mophytic, shrub and forest vegetation. First, a
total of 636 relevés recorded using plots of un-
usually large or small size (Chytry & Otypkova

2003) were eliminated from the data set. This ap-
plied to any plots < 50 m?or > 1000 m? for forests,
< 10 m? or > 100 m? for shrub vegetation and
< 4 m? or > 100 m? for herbaceous vegetation.
This was followed by the elimination of 12,740
relevés that had not been assigned to syntaxa at
least at the level of the class according to the
standard national list (Moravec et al. 1995) or that
lacked geographical localization with an accura-
cy of at least one geographical minute. All other
data analyses were performed in the JUICE pro-
gram (Tichy 2002), unless stated otherwise.

The geographical distribution of the remain-
ing relevés was relatively uneven: some territories
were surveyed sufficiently, with quite a large num-
ber of relevés available, while fewer or no relevés
at all were available from other territories (Chyt-
ry & Rafajova 2003). We therefore performed
a stratified selection of relevés to ensure that no
vegetation type was represented by a high num-
ber of relevés from a small area and that the
formation of sociological groups was not affect-
ed by locally specific coincidences of species
occurrence (Knollova et al. 2005). Stratification
was performed in a geographical grid with cells
sized 1.25 minutes of longitude x 0.75 minutes of
latitude, i.e. approximately 1.5 x 1.4 km. If two or
more relevés assigned by their authors to the
same association fell in the same grid cell, only
one of them was selected. The selection preferred
relevés with a record of the moss layer and more
recent relevés. If there were still some relevés of
the same record date left, one of them was select-
ed at random. This stratified selection generated
a data set containing 21,794 relevés, which was
used to generate sociological species groups, test
the Cocktail definitions of associations and per-
form other analyses.

All records of juvenile trees and shrubs in the
herb layer were deleted from the stratified data
set because some authors recorded them while
others did not. The multiple records of the identi-
cal species in the tree and shrub layers were
combined. Similarly, the records of low shrubs or
high herbs recorded in the herb layer by some
authors and in the shrub layer by others (e.g.
Calluna vulgaris, Cotoneaster spp., Daphne me-
zereum, Prunus fruticosa, Reynoutria spp., Rosa
gallica, Rubus spp. and Sambucus ebulus) were
also combined in one layer. The same approach
was applied to lianas recorded in the tree, shrub
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and herb layers (e.g. Clematis vitalba, Hedera he-
lix, Humulus lupulus and Solanum dulcamara). As
a result, all the species were represented only
once in the final data.

Bryophytes, foliose and fruticose lichens and
macroscopic algae were maintained in the data
set although they were not recorded in all relevés.
This fact could lead in some cases to underesti-
mating the significance of these plants in the
formation of species groups. Therefore the spe-
cies groups were formed with particular emphasis
on vascular plants since these are recorded in all
relevés.

The taxonomic concepts and nomenclature
of species and subspecies were standardized
according to standard works for vascular plants
(Kubat et al. 2002), bryophytes (Ku¢era & Vana
2003) and lichens (Vézda & Liska 1999). The
names of vascular plants that do not occur in
the Czech Republic mostly follow Ehrendorfer
(1973), provided there is no contradiction in the
taxonomic concept accepted in this publication
and in Kubat et al. (2002). Narrowly defined spe-
cies or subspecies were unified into a broader
concept in all cases where most relevés con-
tained determinations of broadly defined species
or when the data on narrowly defined species
were likely to contain errors. In cases when the
Key to the Flora of the Czech Republic (Kubat et
al. 2002) specifies species aggregates, these
aggregates (agg.) were used for broadly defined
species. In other cases, the broader species con-
cepts were defined particularly for the purpose
of the monograph Vegetation of the Czech Re-
public and marked with the name of a particular
species and abbreviation s. lat. (sensu /ato).
These species are listed in the Czech version of
the text (page 25). Broader species concepts
were used in the analysed data set. If statistical
analysis of this data set determined some broad-
ly conceived species as diagnostic, constant or
dominant of an association, and it is known that
some narrowly conceived species grows in this
association, the species list contains the broad-
er species concept, followed by the narrower
concept in brackets.

The resultant set of 21,794 relevés was used
to generate sociological species groups with the
Cocktail method (Bruelheide 1995, 2000), which
included a few modifications described by Koc&i
et al. (2003). The degree of co-occurrence was

calculated for each species using the phi coeffi-
cient of association (Sokal & Rohlf 1995, Chytry
et al. 2002). When the phi coefficient between two
species was high, indicating a strong interspecif-
ic association that exceeded the association of
each of these two species to any other species,
these two species were used as the basis of a
sociological group. The next step tested the as-
sociation between the common occurrence of
these two species and the occurrence of the other
species. Based on the strength of this associa-
tion, third species was added to group. It was a
species with strong (usually the strongest) asso-
ciation with the relevés containing both species
previously included in the sociological group. The
species with the strongest association was not
included in the sociological group in the cases
when it had already been included in another
group or when its frequency (i.e. the number of
occurrences in the data set) differed by an order
of magnitude from those of the species already
included in the sociological group. In such cases,
species with the second or third strongest asso-
ciation was included in the group. This was done
because incorporation of either too rare or too
common species would lead to the formation of
heterogeneous sociological groups. In the next
steps, the association between relevés contain-
ing at least half of the species included in the
sociological group on the one hand and the oc-
currence of other individual species on the other
was calculated. On the basis of this calculation,
another species with a strong association was
added to the group and the process continued in
the same way. The generation of sociological
groups usually stopped when they contained 3-5
species, because larger groups usually appeared
too heterogeneous.

Sociological groups and dominances of se-
lected species were used to generate logical
definitions of associations, in which the require-
ments regarding the occurrence of groups or
species dominances were linked via the logical
operators AND, OR, and NOT (Bruelheide 1997).
The definitions of associations were generated
stepwise so that the group of relevés assigned to
a particular association using its logical defini-
tion overlapped the group of relevés included
in this association by the relevé authors as much
as possible. These two groups of relevés were
compared after every modification of the logical
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definition using the phi coefficient. Finally, the def-
inition was selected that was as close to the
traditional subjective delimitation of association
as possible. However, at the same time, the re-
quirement that relatively simple definitions are
maintained, without too many criteria, was ap-
plied. If the definitions assigned some relevés of
forest vegetation to some grassland or heathland
associations, these relevés were automatically
excluded.

In the definitions of associations marginal
overlap was allowed, i.e. some relevés could be
assigned to more than one association at the
same time. These relevés were compared with
the groups of relevés that had already been
assigned to each of these associations unam-
biguously. The comparison was based on the
Frequency-Positive Fidelity Index (FPFI; Tichy
2005), which took account of the similarity of
species composition between the relevés to be
assigned and the respective group of relevés,
positively weighting the species with the diag-
nostic value for the particular group of relevés.
Every relevé subjected to comparison was then
assigned to the group of relevés (association) that
it best matched according to the FPFI index.

Variants, i.e. lower vegetation units inside the
associations, were defined using an unsupervised
classification method - cluster analysis performed
separately for each group of relevés assigned to
the individual associations. The cluster analysis
was calculated using the PC-ORD 4 program
(McCune & Mefford 1999), with the chord distance
as a measure of dissimilarity and the beta-flexi-
ble linkage method with the coefficient f = -0.25.
The clusters obtained were interpreted subjective-
ly with respect to their ecological interpretation.
Generally, two or three (occasionally four) clusters
at the highest hierarchical level were interpreted
as variants. If the clusters distinguished in this
way showed only indistinctive floristic differentia-
tion or did not have an unambiguous ecological
interpretation, no variants in the particular asso-
ciation were differentiated.

Associations were grouped into alliances and
classes on the basis of the subjective evaluation
of their mutual similarity, following the Central
European phytosociological tradition. In some
cases, this evaluation was supported by cluster
analysis or ordination of several related associa-
tions.

Nomenclature of plant
communities

The nomenclature of plant communities in con-
tinental Europe usually adheres to the rules
implemented in the International Code of Phytoso-
ciological Nomenclature (Weber et al. 2000). Also
in monograph Vegetation of the Czech Republic,
the Code was accepted as the nomenclature au-
thority. The individual nomenclature solutions
partly follows those adopted in previous nomen-
clature revisions (particularly Mucina et al. 1993b,
Rennwald 2000, Berg et al. 2004), but predomi-
nantly they are based on the independent revision
of the Czech and international syntaxonomic lit-
erature. Many vegetation units have been given
names different from those used in the latest list
of plant communities of the Czech Republic
(Moravec et al. 1995) because this overview con-
tains not only correct names but sometimes also
invalid names or names that have never been de-
scribed.

All names used in the monograph Vegetation
of the Czech Republic were checked in the publi-
cations containing their original description so
that we could ensure that all the accepted names
are valid. However, it is possible that a different,
older and valid name will be found for some of
the syntaxa in the vast body of phytosociological
literature in the future, and this name will have to
be accepted as the correct name.

Apart from the adopted name, which is the
most likely correct name, the text also provides
frequent synonyms such as legitimate younger
names of the same syntaxon and illegitimate
names. The list of synonyms is not exhaustive but
it is limited particularly to the synonyms used
by Moravec et al. (1995) and in the vegetation
monographs of neighbouring countries such as
Germany (Oberdorfer 1993a, b, Pott 1995, Dier-
schke 1996 et seq., Rennwald 2000, Schubert et
al. 2001), Austria (Mucina et al. 1993b), Poland
(Matuszkiewicz 2001), Slovakia (Valachovi¢ et al.
1995 et seq., Stanova & Valachovi¢ 2002) and
Hungary (Borhidi 2003). All synonyms older than
the respective accepted name include a refer-
ence to the article or paragraph of the Code
(indicated as §) according to which the name has
to be rejected as being ineffective, invalid or ille-
gitimate. This is not included in case of the names
younger than the accepted one because such
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names are not usable on the basis of the priority

principle. The most frequent reasons of rejecting

a name are listed below:

§1 — The name has not been published in a
printed publication, it is therefore ren-
dered ineffective (nomen ineditum)

§ 2b - The name has not been published with
a sufficient original diagnosis (nomen
nudum). Sufficient original diagnosis
means: (1) in the case of associations,
at least one relevé or constancy table if
published before 1978 or at least one
relevé if published after 1978; (2) in the
case of the units of a higher rank, a bib-
liographically unambiguous reference to
the valid name of the syntaxon of the
closest subordinate principal rank and
since 1980 also with the list of diagnos-
tic species

§ 3a - The name has been merely cited as a
synonym by its author

§ 3b - The name has been suggested as pro-
visional by its author

§ 3c - The syntaxonomic rank of the vegeta-
tion unit has not been indicated

§ 3d - The rank of the syntaxon did not corre-
spond to the rank of the Code or it is an
association of the Uppsala School pub-
lished before 1936

§ 3e - The syntaxonomic rank did not corre-
spond to the form of the name

§ 3f - The name-giving taxa were not indicat-
ed in the original diagnosis

§ 3g - The name was published after 1978 and
it is not clear from which taxon name(s)
it has been formed

§5 - The name was published after 1978 with-
out indication of the nomenclature type

§ 29 - The syntaxon has been renamed be-
cause another taxon characterizes it
better

§ 31 - The name is a younger homonym, i.e. it
is spelled like a previously and validly
published name

§ 33 - The name is one of the homonyms of
equal age but another of these hom-
onyms was adopted by other earlier
authors

§ 34a - The name contains an epithet in the
nominative case that indicates a geo-

graphical, ecological or morphological
property, e.g. Fagetum sudeticum or
Vaccinietum myrtilli subalpinum
§ 34c - The name was formed from more than
two taxon names
Due to earlier misinterpretations, the
name was often used in a false sense
that excludes its type (nomen ambigu-
um); it may therefore be proposed for
rejection as nomen ambiguum rejicien-
dum propositum
§ 37 - The type relevé of the association is so
incomplete or complex that it cannot be
assigned to any one of the currently dis-
tinguished associations (nomen dubium)
§ 43 - The taxon providing the name of the
syntaxon was determined erroneously

§36 -

Besides the above-mentioned reasons, synony-
my may also include the names that are often
quoted in the literature and attributed to a partic-
ular author who neither created nor used the
name. Such cases occur surprisingly often and
are called phantoms according to Mucina (in Mu-
cina et al. 1993a: 19-28).

Another synonymy problem concerns pseu-
donyms, i.e. the names of syntaxa used with the
original author citation or with reference to it but
misinterpreted by later authors. If these names
are used more frequently, we also place them in
synonymy, referring to the misinterpreting author,
preceded by the word sensu, and followed by the
name of the author of the original description (af-
ter the word non). For example, the author citation
‘sensu Smarda 1961 non Tiixen 1937’ means that
Smarda used Tlixen’s name for a syntaxon other
than that originally described by Tuxen. If more
authors used a certain name in a manner differ-
ent from that of the original description, the
abbreviation auct. non is used instead of the name
of the misinterpreting author.

There are many cases when the correct form
of the accepted name differs from that given in
the original diagnosis. As a result, every accept-
ed name in the monograph Vegetation of the
Czech Republic is accompanied by its original
wording attached after the abbreviation ‘Orig.’,
including the original wording of the author cita-
tion if this was indicated in the original diagnosis.
The accepted names of associations and alliances
that contained only the genus name(s) in the orig-
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inal diagnosis were supplemented with species
epithets in accordance with Recommendation
10C of the Code. One exception applies to the
associations and alliances whose original diag-
nosis contains more than one species of the
genus used in the name, and it is not therefore
clear from which species name the name of the
syntaxon was formed. In the cases that only one
of these species is indicated in the list of diag-
nostic species or has much higher constancy or
cover as compared with the other species, the
former species is considered as name-giving and
included in the name of the syntaxon. In other
cases, when it is not clear which is the name-
giving species, only the genus name is used and
the list of species that can potentially provide the
name is placed in brackets after the original word-
ing of the name. The names of classes composed
of two taxon names are usually left without spe-
cies epithets in accordance with established
tradition while the names of classes formed from
the name of a single species are supplemented
with the species epithet.

For practical reasons in some cases, we also
used the modified form of names which is sub-
ject to approval by the Nomenclature Commission
of the International Association for Vegetation
Science. The form used is considered here as the
proposal to modify the name. This concerns nomi-
na inversa and nomina mutata. According to
Article 42 of the Code, nomina inversa are the
names of syntaxa in which, as compared with the
original diagnosis, the order of the names of taxa
was changed so that the dominant taxon or the
taxon of the higher layer is in the second place.
According to Article 45, nomina mutata replace
syntaxon names which were originally formed
from the names of taxa not used in the recent
taxonomic and floristic literature, with syntaxon
names that include the names of taxa that are in
accordance with the contemporary taxonomic lit-
erature. The names of taxa that were not accepted
in common taxonomic and nomenclature sourc-
es used in the Czech Republic over the last 30
years (Ehrendorfer 1973, Smejkal 1981, Neuhaus-
lova & Kolbek 1982, Dostal 1982, 1989, Hejny et
al. 1988 et seq., Kubat et al. 2002) were generally
replaced by names of taxa accepted in the Key to
the Flora of the Czech Republic (Kubat et al. 2002).
In order to facilitate work with synonyms, we pro-
vide the conversion of the old taxon name to the

name from the Key in brackets after the original
form of the syntaxon name. We also introduce
this conversion in cases when the name of the
syntaxon maintains a different taxon name than
that used in the Key.

Phytosociological tables and
the determination of diagnostic,
constant and dominant species
of vegetation units

Species composition of associations defined by
the Cocktail method was compared in synoptic
tables, which included groups of similar asso-
ciations. Each table contains the percentage
frequency of the occurrence of species in relevés
assigned to individual associations. Tables do not
contain all available relevés that can be assigned
to the particular association; instead, they only
show the relevés of the stratified set of 21,794
relevés of all vegetation types of the Czech Re-
public (see above) that were assigned to individual
associations with the help of Cocktail definitions.
The use of relevés from the stratified data set
limited potential distortion of the data due to local
oversampling of some sites. If some associations
had less than 10 relevés assigned to them, addi-
tional relevés were added such that the number
10 was attained, provided they were available and
complied with the Cocktail definition.

In this stratified data set fidelity of each spe-
cies to each association, i.e. the occurrence
concentration of species in relevés of the particu-
lar association, was calculated. Fidelity expresses
the diagnostic value of the species for a particu-
lar association. Species with high fidelity can be
considered diagnostic, i.e. character species or
differential species. Fidelity was determined with
the phi coefficient, which was used as a measure
of the statistical association between the occur-
rence of species and the relevés assigned to the
particular phytosociological association. Since the
value of the phi coefficient depends on the ratio
of the number of relevés belonging to the particu-
lar association to the total number of relevés, and
each association is represented by a different
number of relevés (Chytry et al. 2002), the relative
number of relevés of each association was virtually
equalized to 1% of the total number of all relevés
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in the stratified data set (Tichy & Chytry 2006). For
comparison with the target association, relevés
of all vegetation types were retained in this strat-
ified data set. As a result, diagnostic species
determined in this manner have general validity in
comparison with all other vegetation types of the
Czech Republic. Species with a phi coefficient
above 0.25 were considered diagnostic for a
particular association while species with a phi
coefficient above 0.50 were termed highly dia-
gnostic. These thresholds were determined
subjectively in order to obtain practical numbers
of diagnostic species, i.e. not too many or too
few. After virtual equalization of the number of
relevés in an association, the phi coefficient may
reach a high value even in cases where fidelity of
a particular species to a particular association is
not statistically significant. This occurs in cases
when the particular association before equaliza-
tion is represented by a small number of relevés.
Therefore, in addition to the phi coefficient for each
species and association, the statistical signi-
ficance of the fidelity prior to equalization was
calculated using the Fisher’s exact test (Chytry et
al. 2002). Based on this calculation, species whose
occurrence concentration in relevés of the partic-
ular association did not differ from random at a
level of significance of P < 0.001 were not includ-
ed in a group of diagnostic species although they
showed a high phi coefficient value. The fidelity of
bryophytes and lichens, which were not recorded
in all relevés, was calculated only on the basis of
the subset of relevés in which these plants were
recorded. Diagnostic species are marked with
green in synoptic tables while highly diagnostic
species are marked in a dark green colour. These
species are also introduced in the lists of diag-
nostic species in the textual descriptions of
associations; highly diagnostic species are print-
ed in bold.

Diagnostic species determined in the above-
mentioned manner were also used to assess the
quality of the definition of individual associations
using the Cocktail method. Associations that had
no diagnostic species, i.e. those difficult to dis-
tinguish floristically, were not accepted in the
proposed system of vegetation units.

In addition to diagnostic species, species fre-
quently occurring in vegetation stands (constant
species) and species with high cover (dominant
species) are also important for sufficient charac-

terization of phytosociological associations. These
species were determined using the same data
set with which diagnostic species were deter-
mined. Constant or highly constant species were
those with a frequency over 40% or 80%, re-
spectively. Dominant species and highly dominant
species were those that occurred with a cover
value exceeding 25% at least in 5% and 10% of
relevés, respectively. However, in cases of asso-
ciations with few relevés only, species occurring
as dominants in a single relevé were not included
in the list of dominant species, even though this
single dominant occurrence corresponded to
more than 5 or 10% of relevés. In the case of
bryophytes and lichens, constant and dominant
species were only determined on the basis of
relevés in which these plants had been recorded.

Diagnostic and constant species of the alli-
ances and classes were determined in the same
way as those of the associations, based on the
relevés assigned to all the subordinate associa-
tions. As these groups of species are only based
on the data from the Czech Republic, they have a
local validity for the national territory. If vegeta-
tion diversity across the entire geographic range
of particular classes and alliances was taken into
account, the lists of diagnostic and constant spe-
cies would probably be modified to some extent.
In alliances with a single association recognized
in the Czech Republic, we consider their diag-
nostic and constant species to be identical with
those of the association. The same principle ap-
plies for classes with a single alliance. We did not
determine dominant species of classes and alli-
ances, because different associations assigned
to them often have different dominant species.

Highly constant and highly dominant species
are printed in bold in the text. Synoptic tables
contain a list of diagnostic species in the first
part, followed by a list of species with frequency
of at least 10% in all relevés of a particular table
or at least 20% in one or more associations of
the table. Less frequent and non-diagnostic spe-
cies were omitted due to space limitation.

Graphic calibration
of associations

Ellenberg indicator values (Ellenberg et al. 1992),
altitudinal range and the cover of the herb layer
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for each association were illustrated in box-and-
whiskers plots, which provide an overview of the
habitat requirements and the physiognomy of in-
dividual associations. These plots were formed
on the basis of relevés from the stratified selecti-
on, i.e. from the relevés used for making synoptic
tables. They illustrate the median (j.e. the horizon-
tal line in the middle of the box), lower and upper
quartiles, i.e. the interval accomodating 50% of
the observed values (box), and 5% and 95% per-
centiles, i.e. the interval containing 90% of the
observed values (whiskers). The background of
each graph contains the median (the coloured
horizontal line) and the inter-quartile range (the
colour strip) for all associations of the grassland
and heathland vegetation of the Czech Repubilic,
allowing a comparison of the values between in-
dividual graphs that use different scales on the
vertical axis. Whether the respective variable in
the individual associations has higher, lower or
nearly equal values as the other types of grassland
and heathland vegetation can be derived from
the comparison of the positions of the boxes and
colour strips.

Ellenberg indicator values in the ordinal scale
express the relationship of plant species to light,
temperature, continentality, humidity, soil reaction
and nutrients. This scale contains twelve degrees
in the case of humidity and nine degrees for other
variables. Although the applicability and interpre-
tations of Ellenberg indicator values have been
repeatedly challenged in the recent literature
(Schaffers & Sykora 2000, Wamelink et al. 2002),
their main advantage is that they allow to com-
pare large numbers of relevés with regard to
environmental factors that cannot usually be
determined on the basis of short-term measure-
ments. The major disadvantage is the ordinal
character of Ellenberg indicator values, which lim-
its the usability of basic arithmetic operations.
However, the values in a data set with a larger
number of species tend to behave like continuous
variables and calculations of arithmetic means
from the values of species for a relevé are often
used as a rough estimate of site conditions (ter
Braak & Barendregt 1986, Ertsen et al. 1998,
Schaffers & Sykora 2000). Ellenberg values of all
represented vascular plants were used to calcu-
late the unweighted arithmetic mean for each
relevé of the stratified data set that was assigned
by the Cocktail definitions to individual associa-

tions. Species which were lacking or not assigned
a particular indicator value in the Ellenberg tables
were omitted. Thus we obtained indicator values
for each relevé and illustrated their distribution in
the box-and-whiskers plots.

Altitudes were taken directly from the accom-
panying relevé data. If there was no indication of
altitude, this was derived from the digital hypso-
metric map in the geographical information
system ArcGIS 8.3 (www.esri.com).

Data on percent cover of the herb layer were
also taken from the relevés. Relevés that did not
contain this information were not used in the
graphical presentation.

Distribution maps
of associations*

The distribution of individual associations was
mapped in a geographical grid with cells of 5 min-
utes of geographical longitude x 3 minutes of
latitude, i.e. approximately 6 x 5.5 km. The grid
was derived from the standard grid of the Central
European mapping of flora and fauna, with the
basic cells divided into quadrants.

The source data used to make maps includ-
ed all relevés of non-forest vegetation that were
contained in the Czech National Phytosociologi-
cal Database by 15 December 2005 and localized
using geographical coordinates with an accura-
cy greater than 1 geographical minute. The total
number of relevés used was 51,940. The relevés
from this data set were compared with the for-
mal definitions of associations formed by the
Cocktail method. They were compared not only
with the definitions of associations of grassland
and heathland vegetation but also with defini-
tions of associations of other treeless vegetation
types, such as mires, reed beds, tall-sedge veg-
etation and chasmophytic vegetation, which will
be described in the next volumes of the mono-
graph \egetation of the Czech Republic. This
parallel comparison enabled to identify all over-
laps in the association delimitations. If any relevé
was assigned to more than one association, its
final assignment was decided on the basis of
the similarity calculation using the FPFI index
(Tichy 2005) and the relevé was assigned to the

*Elaborated by M. Chytry, K. Kubogovéa & O. Hajek.
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association whose species composition it best
matched.

The distribution maps prepared on the basis
of available relevés used different symbols for
those sites where only old relevés were available
(recorded up to 1975) and sites with relevés re-
corded after this date. The maps provide a reliable
overview of distribution in the case of rare asso-
ciations, for which the majority of sites are well
known and phytosociologically documented (e.g.
associations of alpine vegetation). They are also
reasonably reliable for associations that are abun-
dant but represent vegetation types which have
been popular among phytosociologists and ex-
tensively sampled in the Czech Republic (e.g. dry
grasslands). However, in the case of some wide-
spread associations (e.g. meadows), the maps of
existing relevé localities provide an incomplete
picture of the real distribution. We believe that
publication of these incomplete maps may stimu-
late further research aimed at filling the gaps in
the presently known distribution. In future these
maps will be regularly updated with the use of
new relevés obtained for the Czech National Phy-
tosociological Database and published online.

To provide further information about the dis-
tribution of the associations, the maps of relevé
localities of some of the associations were sup-
plemented with the estimate of their potential
distribution. The estimate was based on the sta-
tistical predictive model which quantified the
relationship between the occurrence probability
of a particular association and the explanatory
environmental variables that were available in the
form of digital maps for the territory of the Czech
Republic. The models used the following explan-
atory variables: altitude, soil acidity, average
temperature (annual, January and June) and an-
nual precipitation. The values of these variables
were obtained for each relevé by the overlaying
of the respective digital maps with geographical
coordinates of the relevés. The overlay was per-
formed in the geographical information system
ArcGIS 8.3 (www.esri.com). In order to minimize
the effect of the local oversampling of certain
areas, the stratified set of 21,794 relevés (see
above) was used for modelling. From this data set,
the relevés complying with the Cocktail definition
of each association were selected for modelling.

Since the dependent variable, i.e. the pres-
ence or absence of the association at the

particular site, is binary, predictive modelling used
the generalized linear model (GLM) with binomial
distribution and the logistic linking function logit.
In cases when the binary dependent variable did
not have a binomial distribution, the quasi distri-
bution was used (McCullagh & Searle 2001).
Regression coefficients were estimated using the
maximum likelihood method and their significance
was tested using the likelihood ratio test. The se-
lection of variables proceeded from the full model
with all explanatory variables. The variables shown
to be significant and to contribute to the increased
predictive ability of the model were selected step-
wise. In this process, each association obtained
an equation with the estimated regression coeffi-
cients; this equation was used to predict the
probability of occurrence at the sites with no data
available. The probability of the occurrence of a
particular association in a range of <0, 1> was
obtained using the inverse logistic transformation
of the linear predictor values calculated from re-
gression equations.

The generalized index RZ (generalized
R-square) was used (Cox & Snell 1989) to verify
the predictive abilities of the models. If the R,
value was higher than 0.8, the model was consid-
ered highly predictive. Equations with an R2 value
of 0.7 to 0.8 were also accepted, showing slightly
lower but still good predictive ability. The predic-
tive abilities of models were low particularly in
cases when available relevés did not provide a
representative coverage of the range of ecological
factors linked to the occurrence of the associa-
tion in question. Associations with less than 50
available relevés were not modeled at all; similar-
ly, some models based on a larger number of
relevés but providing meaningless predictions
according to the expert judgement were also
rejected. For some associations, two to three al-
ternative models were developed, of which the
model that seemed to best reflect the biological
reality was subjectively selected.

Probabilities of occurrence, calculated from
individual models, were plotted on grid maps
provided they were higher than a subjectively se-
lected threshold. However, they were only plotted
at sites where grasslands or heathlands currently
occur according to the digital map of CORINE
land cover. In such a way the observed distribu-
tion was supplemented with the estimate of the
potential distribution. The symbols used in the
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maps are as follows: @ sites with relevés record-
ed after 1975; O sites with no relevés recorded
after 1975 but with relevés recorded earlier; ® sites
with no relevés but with a high probability of oc-
currence of the association according to the
predictive model.

On the practical application
of the present phytosociological
system

Vegetation can be classified in many different
ways and the system presented here is just one
of them. Its main advantage is that it is supported
by the analysis of phytosociological data and
provides unambiguous criteria for inclusion of
particular vegetation stands or relevés in associ-
ations. It does not aspire to classify every existing
stand of vegetation but defines the cores of as-
sociations, which are usually characterized by the
occurrence of ecologically specialized species.
This reflects the common experience that phy-
tosociological systems work well with relatively
homogeneous stands that contain specific com-
binations of species with a narrow ecological
range, but at the same time leave a large pro-
portion of vegetation stands existing on the
landscapes unclassified. Still it is possible to
quantify the similarity of any vegetation stand to
the cores of the associations and assign it to the
most similar association, if necessary.

The identification of associations included in
the proposed classification can be performed
using the computer expert system available at
www.sci.muni.cz/botany/vegsci/vegetace.php.
This expert system runs in the environment of the
JUICE program and uses relevés exported from
the TURBOVEG program as input data. In order
to ensure the correct function of the expert sys-
tem, relevés intended for automatic assignment
to associations should be exclusively from non-
forest vegetation. Formal definitions of grassland
and heathland associations prepared with the
Cocktail method and contained in the expert sys-
tem were formed with an assumption that they
will not be used for classification of forest vege-
tation (if they were, they could assign some forest
relevés to non-forest associations, e.g. some dry
pine forest relevés from acidic soils to heathland

associations). Sometimes different relevés from a
single relatively homogeneous vegetation stand
are assigned to different associations by the ex-
pert system. Such stands should be interpreted
as transitional between these associations. If the
expert system assigns some of the relevés from a
single vegetation stand to a particular association
while others remain unassigned to any associa-
tion, it means that the stand consists of patches
with typical and less typical species composition
with respect to the association core. Relevés that
remained unassigned to any association can be
compared by the expert system using the FPFI
index with the total species composition of indi-
vidual associations and subsequently assigned
to the association that they best match. This
kind of assignment can be interpreted as follows:
although the relevé does not belong to the core
of the particular association and is not typical
of it, it is close or similar to it. In addition to the
requirement that the relevé should match the par-
ticular association better than any other, it is also
appropriate to determine the particular threshold
value of similarity that the relevé must exceed in
order to be assigned to the particular associa-
tion. Alarge number of stands exist that are mainly
composed of species with a broad ecological
range or which contain unusual species combi-
nations whose assignment to any association
would be in conflict with phytosociological tradi-
tion. The determination of the threshhold value is
subjective and depends on the user, who must
decide how large deviations from the typical
species composition he or she is willing to ac-
cept while assigning the relevé to a particular
association.

With respect to the practical use of vegetation
classification, one should realize that applicability
of any classification is scale-dependent. The pro-
posed classification was optimized for the territory
of the Czech Republic. It is therefore possible that
some associations that have been distinguished in
it will not be clearly recognizable in broader Cen-
tral European or European vegetation classification
systems. However, it is also evident that in the case
of strictly local vegetation description, e.g. in a
small nature reserve, it may be more suitable to
define ad hoc local vegetation units. Such units
may be difficult to transpose into other territories
or to larger scales but will provide a better de-
scription of local vegetation variability. Even so, it
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may be desirable to compare such local vegeta-
tion units with the national classification, e.g. by
means of the assignment of relevés to associa-
tions by the expert system, and thus place local
diversity patterns into a broader context.
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of basic keywords

alpinsky, -a, -é alpine

asociace association

Bilé Karpaty White Carpathians
biotop, -y habitat, -s

bohaty, -3, -é rich

bor, -y pine forest, -s
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bylina, -y herb, -s

bylinny, -3, -é herbaceous
Cechy Bohemia

Ceska republika Czech Republic
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Ceskomoravska Bohemian-Moravian
vrchovina Uplands

Cesky, -4, -é 1. Czech; 2. Bohemian

chladny, -3, -é cool

chudy, -3, -é poor

diagnosticky, -3, -é diagnostic

dominantni dominant, dominating

doubrava, -y oak forest, -s

drevina, -y woody plant, -s

druh, -y species

druhova bohatost species richness
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druhové slozeni
dubohabfina, -y
dynamika
flys
fytocenologické
snimky
fytocenologicky
snimek
hadec, hadce
hluboky, -a, -é
hojny, -4, -é
hora, -y
horsky, -a, -é
hospodarsky vyznam
jednoleta rostlina
jehliénaty, -a, -é
jizni
karpatsky, -a, -é
Karpaty
ket, -e
kefovy, -3, -é
keficek, keficky
kefickovy, -a, -é
klasifikace
konstantni
kontinentalni
kras
KrkonoSe
kFovina, -y
kfovinny, -a, -é
kysely, -8, -é
Labe
les), -y

lesni lem, -y

lesni

lisejnik, -y

louka, -y

luzni

Madarsko

maly, -3, -é
mech, -y
mechorost, -y
meélky, -4, -é
mésto, -a

mirny, -a, -é
Morava

moravsky
nadmorska vyska, -y
narusovany, -3, -é
Némecko

species composition
oak-hornbeam forest, -s
dynamics

flysch

relevés

relevé

serpentine, -s

deep

common

mountain, -s

montane

economic importance

annual plant

coniferous

southern

Carpathian

Carpathians

shrub, -s (subst.)

shrub (adj.)

low shrub, -s (subst.)

low-shrub (adj.)

classification

constant

continental

karst

Giant Mountains

scrub, shrubbery (subst.)

shrub, shrubby (adj.)

acid, acidic

Elbe

forest, -s, woodland,
-S (subst.)

forest fringe (saum)

forest, woodland (adj.)

lichen, -s

meadow, -s

riverine, floodplain (adj.)

Hungary

small

moss, -es

bryophyte, -s

shallow

town, -s

gentle, moderate

Moravia

Moravian

altitude, -s

disturbed

Germany

nizina, -y
nizky, -a, -é
oceanicky, -4, -é
ohroZeni
ol8ina, -y
opadavy, -4, -é
opustény, -4, -é
orna plda
pahorkatina, -y
panonsky, -3, -é
paseka, -y
pastvina, -y
patro, -a
pis€ina, -y
pisecny, -4, -é
pisek, pisky
plevel, -e
pocet druh(
podhorsky, -&, -é
pokryvnost, -i
pole
Polsko
porost, -y
potok, -y
Praha
pramenisté
prevazné
pfirozeny, -4, -é
pr@imérny, -a, -é
plda, -y
fad, -y
rakosina, -y
Rakousko
radelinisté
feka, -y
rostlina, -y
rostlinna spole¢enstva
rostlinné spole¢enstvo
rozsireni
rula, -y
rybnik, -y
seceny, -a, -é
seSlapavany, -a, -é
severni
Sirokolisty, -a, -é
skala, -y
skalni
skupina, -y
(abbrev. skup.)
slanisko, -a
slatina, -y

lowland, -s

low

oceanic
endangerment
alder forest, -s
deciduous
abandoned
arable land

hilly (colline) landscape, -s
Pannonian

forest clearing, -s
pasture, -s

layer, -s

sand area, -s
sand, sandy (adj.)
sand, -s

weed, -s

number of species
submontane
cover, -s

field, -s

Poland

stand, -s

brook, -s

Prague

water spring, -s
mainly, mostly
natural

average

soil, -s

order, -s

reed bed, -s
Austria

mire, -s

river, -s

plant, -s

plant communities
plant community
distribution
gneiss, -es
fishpond, -s
mown

trampled
northern
broad-leaved
rock, -s (subst.)
rock, rocky (adj.)
group, -s

salt marsh, -es
fen, -s
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sloupec, sloupce
Slovensko
smréina, -y
spole¢enstvo, -a
srazky
stanovisté

strmy, -4, -é
stojata voda, -y
strom, -y
stromovy, -3, -é
stredni
struktura, -y
subalpinsky, -3, -é
suchy, -3, -é
Sumava

sut, suté

svah, -y

svaz, -y

tabulka, -y
tekouci voda, -y
teplomilny, -3, -é
teplota, -y

teply, -a, -é
trava, -y

travina, -y
travinny, -4, -é
travnik, -y

columns, -s
Slovakia

spruce forest, -s
community, -ies
precipitation
habitat, -s
steep

standing water
tree, -s (subst.)
tree (adj.)
central
structure, -s
subalpine

dry

Bohemian Forest
scree, -s

slope, -s
alliance, -s
table, -s

running water
thermophilous
temperature
warm

grass, -es
graminoid, -s
grassland (adj.)
grassland, -s (subst.)

tfida, -y

udoli

uzemi

uzkolisty, -a, -é
vapenec, vapence
vapnity, -a, -é
varianta, -y
vegetace

velky, -8, -é
veshice

vihkost

vlhky, -a, -é
voda, -y

vodni

vrchovisté
viesovisté
vychodni
vychoz, -y
vysokobylinny, -a, -é
vysoky, -3, -é
vytrvala rostlina
vzacny, -4, -é
zamokrfeny, -a, -é
zgpadni
zaplavovany, -a
zivina, -y

zula, -y

class, -es
valley, -s
territory, -ies
narrow-leaved
limestone, -s
calcareous
variant, -s
vegetation
large, big
village, -s
moisture

wet

water, water bodies
aquatic

bog, -s
heathland, -s
eastern
outcrop, -s
tall-forb

tall

perennial plant
rare
water-logged
western
flooded
nutrient, -s
granite, -s





