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Local ranges of phytosociological associations:
are they reflected in numerical classification?
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Abstract: In the tradition of European phytosociology, delimitations of vegetation units such as associations are mostly
based on data from small areas where more detailed vegetation sampling has been carried out. Such locally delimited vege-
tation units are often accepted in large-scale synthetic classifications, e.g. national vegetation monographs, and tentatively
assigned to a small geographical range, forming groups of similar (vicarious) vegetation units in different small areas. These
vicarious units, however, often overlap in species composition and are difficult to recognize from each other. We demonstrate
this issue using an example of the classification of dry grasslands (Festuco-Brometea) in the Czech Republic. The standard
vegetation classification of the Czech Republic supposes that the majority of accepted associations (66 out of 68) have a
restricted distribution in one of the two major regions, Bohemia or Moravia. We compared the classification into traditional
associations with the numerical classification of 1440 phytosociological relevés from the Czech Republic, in order to test
whether the traditionally recognized associations with small geographical ranges are reflected in numerical classification.
In various comparisons, the groups of relevés identified by numerical analysis occupied larger areas than the traditional
associations. This suggests that with consistent use of total species composition as the vegetation classification criterion,
the resulting classification will usually include more vegetation units with larger geographical ranges, while many of the
traditional local associations will disappear.
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Introduction

Most studies focusing on vegetation classification have
been carried out in local areas, for example in a single
mountain range or a single valley. In many of these stud-
ies, vegetation syntaxa of the Braun-Blanquet sys-
tem were newly delimited and formally described with-
out sufficient comparison with similar syntaxa already
described by other authors in other areas. In such a
way, many local associations have been described, but
without a detailed analysis of the data from a large
area, the degree of overlap among them remains un-
clear. In national overviews of plant associations that
are based on a review of the literature rather than the
analysis of primary data (e.g. Mucina et al., 1993;
Moravec et al., 1995; Pott, 1995; Matuszkiewicz,
2001; Schubert et al., 2001), putative boundaries be-
tween the geographical ranges of such associations are
often drawn artificially, e.g. along the boundaries be-
tween contrasting geological formations or topograph-
ical features. However, if relevé data sets from larger
areas are analysed with numerical classification tech-
niques (e.g. Rodwell et al., 1990–2000; Schaminée et
al., 1995–1999; Valachovič et al., 1995 et seq.; Berg

et al., 2001–2004), different patterns often emerge. Dif-
ferences in species composition of vegetation units be-
tween local areas may appear to be smaller than as pre-
viously thought based on the expert judgement. Often,
local differences within traditional associations, e.g. due
to edaphic variation, are found to be larger than the dif-
ferences between vegetation growing in different areas
and traditionally assigned to different associations. The
detection of such a pattern would support the lumping
of local associations. By contrast, revealing distinct dif-
ferences in species composition between different areas
would support the concept of local associations.
A more complex pattern appears when in some

restricted patches within area A local vegetation is
more similar to the prevailing vegetation of area B
than to the prevailing vegetation of area A. An ex-
ample is a southern vegetation type confined to the
driest and warmest habitats of south-facing slopes at
high latitudes of the northern hemisphere. This phe-
nomenon has since long been recognized in plant ecol-
ogy and biogeography as the “rule of relative habitat
constancy” (Walter & Walter, 1953). In spite of the
wide acceptance of this rule in European phytogeogra-
phy, we hypothesize that it is not adequately reflected
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in many of the existing phytosociological classification
systems. These classification systems tend to assume
crisp geographical boundaries between similar associa-
tions, which imply that each local area harbours a single
association from a group of several vicarious associa-
tions and these associations hardly overlap in their ge-
ographical ranges. Knollová & Chytrý (2004) anal-
ysed and discussed one of the many examples of such
classifications, Central European oak-hornbeam forests
(Neuhäusl, 1977).
The aim of the present paper is to demonstrate the

deviance in the geographical delimitation of the tradi-
tional phytosociological syntaxa and vegetation units
established using more formalized classification meth-
ods. We use an example of the classification of dry
grassland vegetation, belonging to the phytosociolog-
ical class of Festuco-Brometea, in the Czech Repub-
lic. Dry grasslands have a disjunctive distribution in
the Czech Republic, being distributed in two areas of
dry and warm climate, which are separated by un-
suitable cool and wet areas (Chytrý et al., 2001).
In the national phytogeographical land classification
(Skalický, 1988), these two dry and warm areas are
called the Bohemian Thermophyticum (including cen-
tral, northern and eastern Bohemia) and the Pannon-
ian Thermophyticum (including southern Moravia). For
convenience, we will refer to Bohemia and Moravia, re-
spectively, throughout this paper.
As a species-rich vegetation type, Czech dry grass-

lands have always attracted botanists. The first phy-
tosociological studies of this vegetation date back to
the 1920s/ 1930s (Zlatník, 1928; Klika, 1931, 1933).
However, individual phytosociological studies of dry
grasslands have always been restricted to either Bo-
hemia (e.g. Kolbek, 1975, 1978, 1979; Studnička,
1980; Toman, 1981, 1988) or Moravia (Vicherek &
Unar, 1971; Chytrý & Vicherek, 1996; Chytrý

et al., 1997; Tichý et al., 1997), which resulted in
different associations being described in these regions.
Of the total number of 68 associations of the Festuco-
Brometea class listed in the national synopsis (Kolbek
in Moravec et al., 1995), only two are reported to oc-
cur both in Bohemia and Moravia. It is true that the
dry grasslands of Bohemia and Moravia are different
to some degree, as the warm and dry area of Bohemia
is entirely surrounded by mountains whereas southern
Moravia has been always open to the migrations of con-
tinental steppe flora from the Pannonian region of Hun-
gary, southern Slovakia and eastern Austria. However,
the question is whether the degree of difference between
these two warm and dry areas is really so large that 66
of 68 plant associations can be considered as occurring
in just one of them.
In this paper, we use the national data set of

dry grassland relevés to test whether the geographical
ranges of plant associations delimited in the phytosoci-
ological literature are more restricted than comparable
vegetation units derived from numerical classification.

Material and methods

Data set
The basic data set for the analysis included 6221 geo-
referenced vegetation plots (relevés) of dry grasslands of the
phytosociological class Festuco-Brometea from the Czech
National Phytosociological Database (www.sci.muni.cz/
botany/database.htm, CHYTRÝ & RAFAJOVÁ, 2003). Rele-
vés from plots of the size < 4 m2 or > 100 m2 were deleted.
Relevés were assigned to the associations according to KOL-
BEK (in MORAVEC et al., 1995) and more recent papers
with descriptions of new associations from the Czech Re-
public (CHYTRÝ & VICHEREK, 1996; CHYTRÝ et al., 1997;
TICHÝ et al., 1997). The association assignments were made
according to the original authors of the relevés; the relevés
that had not been assigned to the associations were removed
from the data set. To reduce over-sampling of some areas,
the data set was geographically stratified in the JUICE pro-
gram (TICHÝ, 2002). Only one relevé from each association
was selected from each cell of a geographical grid of 0.75 lat-
itudinal × 1.25 longitudinal minutes, i.e. approximately 1.5
× 1.5 km. If a cell contained more than one relevé belong-
ing to the same association, the relevés with a less accurate
locality indication were removed first and of the remain-
ing relevés, one was selected at random. The resulting data
set contained 1440 relevés. For the analysis, we deleted all
records of bryophytes and lichens, as these were not recorded
in all relevés, and the records of trees and shrubs (including
juveniles), which seldom occurred in the relevés.

Classification
Two classifications of the data set of 1440 relevés were pre-
pared: classification into traditional phytosociological asso-
ciations and numerical classification. In the former, 71 as-
sociations were recognized, taking over the association as-
signments according to the authors of the relevés. Of these,
66 associations were from the national overview (KOLBEK
in MORAVEC et al., 1995; relevés were available for 66 from
the total number of 68 associations) and 5 associations were
added, as they were not included in the national overview.

Numerical classification was prepared with cluster
analysis, using the β-flexible group linkage method with
β = −0.20 and relative Euclidean (chord) distance as a
measure of the dissimilarity in floristic composition between
relevés (PC-ORD program; MCCUNE & MEFFORD, 1999).
Species covers, originally recorded on Braun-Blanquet or
Domin scale, were converted into mid percentage values of
each degree on these scales and square-root transformed.
As the aim was to compare the classification into phytoso-
ciological associations with the numerical classification, 71
groups, i.e. the same number as the number of associations
present in the Czech National Phytosociological Database,
were accepted from higher hierarchical levels of the cluster
analysis dendrogram.

Measuring geographical range size
The geographical range sizes of the communities (associa-
tions or groups resulting from cluster analysis) within the
country were compared using different methods, which re-
flect different facets of the range size and area occupancy
within the range:

1. The number of occupied phytogeographical districts.
The phytogeographical land classification of SKALICKÝ
(1988) was used, which divides the area of the Czech Re-
public into 99 phytogeographical districts, each harbouring
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Fig. 1. Changing numbers of occupied cells with decreasing resolution of the geographical grid: an example for a selected vegetation
unit. a) 3 latitudinal × 5 longitudinal minutes; b) 6× 10′; c) 12× 20′; d) 24× 40′; e) 48× 80′; f) 96× 160′.

relatively homogeneous flora and vegetation that is different
from the neighbouring districts.

2. The number of occupied cells of geographical grids.
The national territory was divided by geographical grids
with cells of increasing size (Fig. 1).

3. Mean geographical distance between all pairs of
relevés belonging to the same community. In the ArcGIS
8.3 geographical information system (www.esri.com) the ge-
ographical coordinates of relevés were recalculated from po-
lar coordinates of the WGS 84 system into plain coordinates
of the national system JTSK and subsequently the distances
between sites were calculated. The median of the distances
was used to characterize the geographical range size of each
community within the country.

4. The area occupied by each community, identi-
fied from the position of the border sites. The border
sites were identified within ArcGIS 8.3 by the script
Convex Hull/Convex Envelope (http://arcscripts.esri.com/
details.asp?dbid=12084), which creates the convex envelope
(minimum bounding) of a set of points. Subsequently the
area bounded by the envelope was calculated.

Geographical range sizes, identified by each of the
above measures, were compared between the phytosocio-
logical associations and groups delimited by cluster anal-

ysis. The differences were tested using the nonparametric
MANN-WHITNEY U test, as available in the STATISTICA
7.0 program (www.statsoft.com).

Results

Fig. 2 shows that according to the standard national
list of plant associations, (Kolbek in Moravec et al.,
1995) 44 traditional associations only occur in Bohemia,
22 only in Moravia and just two associations in both ar-
eas. The respective figures with the five added associa-
tions are 44–27–2. The authors of the relevés contained
in the national phytosociological database mostly used
the same associations as included in the national list;
however, they tended to assign some Bohemian relevés
to the “Moravian associations” and vice versa. Still, the
collective opinion of Czech vegetation scientists, repre-
sented by the association assignments made by differ-
ent authors, assumed that just 13 of the 71 associations
occur in both areas. Cluster analysis resulted in a con-
trasting pattern: more than half of the relevé clusters
(37 of 71) occurred in both areas.
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Cluster analysis groups Fig. 2. Number of communities occurring
only in Bohemia, only in Moravia, or in both
of these areas according to the national list
(KOLBEK in MORAVEC et al., 1995). Com-
munities are either the traditional phytoso-
ciological associations or groups defined by
cluster analysis.
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Fig. 3. The numbers of occupied phy-
togeographical districts for 71 com-
munities. AS – associations, CA –
groups from cluster analysis. The dif-
ferences are significant at P < 0.05
(MANN–WHITNEY U test).

Table 1. Cell sizes in geographical grids and the significances
(MANN–WHITNEY U test) of differences in the total number of
occupied cells between associations and groups defined by the
cluster analysis.

Latitude × longitude (′) km × km Difference

0.75 × 1.25 1.5 × 1.5 n. s.
1.5 × 2.5 3 × 3 n. s.
3 × 5 6 × 6 n. s.
6 × 10 12 × 12 n. s.
12 × 20 24 × 24 P< 0.05
24 × 40 48 × 48 P< 0.01
48 × 80 96 × 96 P< 0.01
96 × 160 192 × 192 P< 0.01
192 × 320 384 × 384 P< 0.01

The median number of occupied phytogeographical
districts was 3 for associations and 5 for groups from
cluster analysis. This difference was significant (Mann-
Whitney U test, P < 0.05, Fig. 3).
The differences in the numbers of occupied cells

within geographical grids between associations and the
groups resulting from cluster analysis were significant
with cell sizes of 24 × 24 km and larger (Tab. 1, Fig. 4).
The geographical distances between relevés as-

signed to the same association were significantly smaller

than the distances between relevés belonging to the
same group of the cluster analysis (Mann-Whitney
U test, P < 0.05, Fig. 5). This means that on aver-
age the relevés belonging to the same association were
located closer together than relevés belonging to the
same group of cluster analysis. Similarly, the area de-
limited by the border relevés was significantly smaller
for associations than for the groups of cluster analysis
(Mann-Whitney U test, P < 0.05, Fig. 6).

Discussion

All the methods used for comparison of the geographi-
cal range size within the national territory showed that
the traditional phytosociological associations tended to
have a smaller distribution range than the groups re-
sulting from cluster analysis. This result indicates that
traditional phytosociology tends to consider associa-
tions as having smaller distributions than would be
suggested by the consistent application of numerical
classification methods. It must be noted that numerical
analysis includes different methods whose results may
differ; however, our pilot analyses that are not shown
in this paper gave very similar results to the one pre-
sented. Therefore we believe that the main difference
is between the traditional and numerical methods. We
suggest the following explanations for this difference:
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Fig. 4. The numbers of occupied cells in geographical grids with different resolutions. AS – associations, CA – groups from cluster
analysis. The differences are significant at P < 0.05 (Mann–Whitney U test); plots for smaller cells, where the differences were not
significant, are not shown (see Tab. 1).
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Fig. 5. The median distances between
localities. AS – associations, CA –
groups from cluster analysis. The dif-
ference is significant at P < 0.05
(MANN–WHITNEY U test).
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Fig. 6. The area occupied by the individ-
ual communities. AS – associations, CA –
groups from cluster analysis. The differ-
ences are significant at P < 0.05 (MANN–
WHITNEY U test).
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(1) The relationships between traditional associa-
tions described in local studies are insufficiently anal-
ysed in large-scale overviews of vegetation units. De-
tailed comparisons of similar vegetation units between
different areas are often not performed and local associ-
ations are simply taken over and hypothetical geograph-
ical boundaries between them are delineated using an
expert guess. Such an approach has a long tradition and
was sometimes also explicitly applied in the phytosoci-
ological terminology (e.g. “territorial associations” vs.
“main associations”; Knapp, 1948).
(2) Traditional subjective classification often uses

habitat characteristics as an auxiliary classification cri-
terion, in addition to the floristic criteria. In such a way,
very similar plant communities on different bedrocks
can be assigned to different associations, in spite of
the fact that numerical classification based solely on
floristic criteria would not find much difference between
them and merge them in a single cluster. As the habitat
characteristics are often spatially auto-correlated, their
inclusion among classification criteria probably tends to
produce more local associations than communities en-
tirely based on floristic composition. A strong emphasis
on non-floristic classification criteria is explicitly admit-
ted in classifications made for forestry purposes (e.g.
Ellenberg & Klötzli, 1972); however, the attitude
of the followers of the Braun-Blanquet approach to
the use of these criteria seems to be rather confus-
ing. In his early theoretical paper, Braun-Blanquet
(1921) postulated that floristic criteria are superior for
the classification, as habitat characteristics can be indi-
cated through floristic composition. However, it is ob-
vious that many phytosociologists did not follow this
requirement, although they usually did not admit it
explicitly, perhaps except for their use of physiognomic
criteria (Westhoff, 1967).
(3) Traditional classification involves different

weighting of species in the classification process, where-
as numerical classification usually uses all species as
classification criteria and treats them as being equal.
It seems to be common that the traditional classifica-
tion approach gives a higher weight to geographically
restricted species, which results in delimitation of local
associations.
The current study uses just one example of the

phenomenon of local associations used in traditional
phytosociology, which might perhaps be considered as
an extreme case that developed due to the specific lo-
cal tradition of vegetation classification. However, we
believe that this phenomenon is widespread in tradi-
tional phytosociology. Our example is from a single
country with a single tradition of phytosociological re-
search. Looking at the lists of dry grassland associations
from countries neighbouring the Czech Republic, we
find there is not a single association listed for Germany
(Pott, 1995; Schubert et al., 2001) and Poland
(Matuszkiewicz, 2001) that would be described from
the territory of the Czech Republic. This is surpris-

ing, given that the environmental features of dry areas
in these countries, as well as their phytogeographical
histories, are similar. Also, phytosociological studies of
Czech dry grasslands started at the same time as in
Germany and Poland: Kolbek (in Moravec et al.,
1995) lists 17 dry grassland associations described from
the Czech territory before 1940. Thus the local delim-
itation of the traditional associations is further ampli-
fied by different research traditions existing in different
countries (Bruelheide & Chytrý, 2000).
Recent compilations of large electronic databases

of phytosociological relevés (Ewald 2001; Hennekens
& Schaminée, 2001) call for revisions of the tradi-
tional vegetation typologies, using geographically wide
data sets and formalized classification methods. Nu-
merical classification methods are generally favoured,
as they consistently apply the same classification crite-
ria to all the relevés in the data set (Grabherr et al.,
2003; Havlová et al., 2004; Knollová & Chytrý,
2004; Roleček, 2005), which is mostly not the case
in the traditional classification based on expert knowl-
edge. Without any doubt, the legacy of the traditional
phytosociology is in need of a profound revision before
it is applied in large-scale habitat inventories or nature
conservation monitoring programmes. However, it must
be kept in mind that vegetation units resulting from
the unsupervised numerical classification such as clus-
ter analysis will often be different from the traditional
ones. This difference will probably not only result from
the higher consistency of the numerical methods; it will
also be due to the emphasis of numerical methods on
the floristic classification criteria, and absence of species
weighting. As the current study shows, one of the differ-
ences can be the tendency of vegetation units based on
numerical classification to occupy larger geographical
ranges. Vegetation units with larger ranges are advanta-
geous for easier communication among vegetation scien-
tists, habitat experts and nature conservationists from
different areas. However, there is no theoretical reason
to consider the units with large geographical ranges as
being objectively better than local vegetation units, be-
cause the ranges are as artificial as the vegetation units
themselves. Recent developments of supervised meth-
ods of vegetation classification (Ejrnæs et al., 2004),
which involve species weighting, are able to reproduce
some of the traditional vegetation units, including the
local ones, much better than cluster analysis and similar
unsupervised methods. The Cocktail method (Bruel-
heide, 2000; Kočí et al., 2003; Lososová, 2004) or
artificial neural networks (Černá & Chytrý, 2005)
give promising results in this respect.
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