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Abstract. In European phytosociology, national classifications
of corresponding vegetation types show considerable differ-
ences even between neighbouring countries. Therefore, the
European V egetation Survey project urgently needsnumerical
classification methods for large data sets that are able to
produce compatible classifications using data setsfrom differ-
ent countries. We tested the ability of two methods,
TWINSPAN and COCKTAIL, to produce similar classi-
fications of wet meadows (Calthion, incl. Filipendulenion) for
Germany (7909 relevés) and the Czech Republic (1287 relevés)
in this respect.

In TWINSPAN, the indicator ordination option was used
for classification of two national data sets, and the extracted
assignment criteria (indicator species) were applied crosswise
from one to the other national data set. Although the data sets
presumably contained similar community types, TWINSPAN
revealed almost no correspondence between the groups de-
rived from the proper classification of the national data set and
the groups defined by the assignment criteria taken from the
other national dataset. Thereasonisprobably thedifferencein
structure between the national datasets, whichisatypical, but
hardly avoidable, feature of any pair of phytosociological data
sets. Asaresult, thefirst axis of the correspondence analysis,
and consequently the first TWINSPAN division, are associ-
ated with different environmental gradients; the differencein
thefirst divisionistransferred and multiplied further down the
hierarchy.

COCKTAIL isamethod which producesrelevé groupson
the basis of statistically formed species groups. The user
determines the starting points for the formation of species
groups, and groups already found in one data set can be tested
for existencein the other data set. The correspondence between
the national classifications produced by COCKTAIL wasfairly
good. For some relevé groups, the lack of correspondence to
groups in the other national data set could be explained by the
absence of the corresponding vegetation types in one of the
countries, rather than by methodological problems.

Keywords: Calthion; COCKTAIL; Czech Republic; Euro-
pean Vegetation Survey; Germany; Phytosociological data
base; TWINSPAN; Wet meadow.

Nomenclature: Ehrendorfer (1973).

Introduction

Despite the traditionally active international con-
tacts among European vegetation scientists, vegetation
classification in Europe has mainly developed on a
national basis. Classical schemes of vegetation classifi-
cation (e.g. Tixen 1937; Oberdorfer 1957) had regional
validity only, and researchers in adjacent areas often
produced different schemeswhich were compatibleonly
to a minor degree. Restriction to a national scale and
quite a mismatch of national classifications has domi-
nated European phytosociology up to the present. Still,
the strategy of the Working Group for European Vegeta
tion Survey is to encourage the devel opment of national
vegetation survey programmes (Mucina et al. 1993).
There are several reasons for this situation, in particular
thetraditional limitation of expert knowledge to national
territories and the restricted availability of the bulk of
relevant datawhich is only partly accessible abroad.

In some cases, the national approach resultsin low
compatibility of classifications, even between neigh-
bouring countries with similar vegetation. This may be
exemplified by the Moalinio-Arrhenatheretea meadow
classification in Germany (Dierschke 1995, 1997) and
Austria (Ellmauer & Mucina 1993; Ellmauer 1994).
Both German and Austrian classifications are based on
extensive data anaysis but they differ considerably
from association to order level. Although this is not
aways stated explicitly, such differences in demarca
tion of syntaxaare mainly caused by different methodo-
logical approaches of the authors (Mucina 1997). For
example, German classificationsof Calthion s.str. mead-
ows are largely based on character species and define
only afew associations or association-level communi-
ties(10in both Oberdorfer 1983 and Pott 1995), whereas
the Czech classification (Blazkova & Balatovéa-
Tul&kovain Moravec et al. 1995) is based on diagnos-
tic species combinations and distinguishes 16 associa-
tionsin aterritory 4.5 times smaller than Germany. A
similar situation is encountered for tall-forb communi-
ties of the Filipendulenion suballiance (eight types in
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Oberdorfer 1983, five in Pott 1995 and 10 in Blazkova
& BaladtovaTul&kovain Moravec et al. 1995).

Our paper is an attempt to overcome such metho-
dological differencesby applying clearly defined classi-
fication methods to vegetation data from two different
countries. The primary motivation is to find methods
which would allow a common vegetation classification
for Europe to be produced. Since the current develop-
ment of the European V egetation Survey (Rodwell et al.
1995) is mainly proceeding bottom-up, unifying exist-
ing separate national classifications, rather than top-
down, starting from one (presently non-existent) pan-
European data set, the problem of unifying individual
classificationsis an important one. The problem is even
morefar-reaching: onceavegetation classificationfor the
whole of Europe is created, the necessity will emerge to
adapt the system to adjacent territories, such as Siberia.

For the purposes of the European V egetation Survey
project, largeregional or national vegetation databases
were established in several centres across Europe, us-
ing common data standards and the TURBOV EG pack-
age as a data base management software (Hennekens
1996; Schaminée & Hennekens 1995). A divisiveclas-
sification method implemented in the TWINSPAN
program (Hill 1979), available in the TURBOVEG
package, is commonly accepted as an appropriate tool
to classify relevés in large data sets (Rodwell 1990 et
seg.; Schaminée et al. 1995). In a comparative study
with three other methods, based on subsets of 400
relevés each, TWINSPAN vyielded satisfying classifi-
cationresults (Bruelheide & Jandt 1997), but the method
hasnot yet been tested in alargeinternational compari-
son. Apart from TWINSPAN, there are also other
methods for the classification of large vegetation data
sets, such as COCKTAIL (Bruelheide 1995, 2000),
which uses combinations of species groups to define
vegetation units. These two methods were included in
the study, because they are used in the European Veg-
etation Survey. Apart from this, we are not aware of
other programs which would alow classification of
several thousand relevés and, at the same time, would
providetransferable assignment criteria(cf. Bruelheide
& Jandt 1997).

The objective of our study is to test the ability of
TWINSPAN and COCKTAIL to recognize comparable
vegetation typesin different national classifications. As
two national data sets, we used relevés of wet meadows
(Calthion, incl. Filipendulenion) from Germany and the
Czech Republic, two neighbouring countries with
roughly similar abiotic environment and flora. We ex-
pected that, in principle, the two methods would produce
similar classification resultsin both datasets, but also that
they would reved differences in their ability to detect
corresponding vegetation typesin different data sets.

M ethods

Data sets

We compiled two computerized data sets of phyto-
sociological relevés of the alliance Calthion (incl.
Filipendulenion), one from Germany and one from the
Czech Republic. The German data set consisted of 7909
relevés from 481 tables, and apart from Calthion, it also
included severa relevés of Caricion davallianae,
Molinion, and some other wet meadow types. The Czech
data set included only relevés assigned to the Calthion
alliance by the authorsof theorigina papersand includes
1287 relevés from 109 tables. These two data sets are
henceforth referred to as ‘entire’ data sets. They may be
considered representativein termsof territorial coverage,
and they most probably include nearly thewhole range of
compositional variation in the Calthion meadows of both
countries. Still, they are far from being complete; we
estimate that they include about 70% of all published
relevésand 50 % of all existing relevés. Cryptogamswere
deleted from both data sets as they were not recorded in
al relevés. Herb-layer plants, juvenile individuas of
woody plants, and occasionaly recorded shrubs were
fusedinto onelayer. Speciestaxonomy and nomenclature
were standardized, using the concept of broad species
and species aggregates as defined in Ehrendorfer (1973).
It should be emphasized that both data sets possessed
severd faults which are quite typica of large phyto-
sociological databases. someregionswere over-sampled
and others were not sampled at al; the large number of
researchers involved in sampling could contribute to
severe recording bias; the relevés greatly varied in sam-
pling date; theplot sizewasroughly standardized, but still
varied over alimited range. Thevariation in cover scales
was no problem, because the study only made use of
presence/absence data.

Apart from performing comparisons between na-
tional classifications, an important issue for the Euro-
pean V egetation Survey is how nationally defined veg-
etation types behave when the data set is extended to a
larger geographical scale. For this purpose, both data
sets were combined into one, the ‘total’ data set, thus
comprising 9196 relevés.

Since no pre-selection of datawithin the tables men-
tioned above was performed, the Czech and especially
the German data set probably contained outliers (abnor-
mal relevés), which are known to strongly influence the
classification results (van der Maarel 1982). Therefore,
we prepared a more homogeneous data set by deleting
relevés whose affinity to wet meadows was poor in
floristic terms. We compiled alist of 103 character or
diagnostic species of the order Molinietalia and subor-
dinated syntaxa, making use of standard handbooks
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(Oberdorfer 1983; Moravecetal. 1995). Thenall relevés
with less than eight character/diagnostic species were
excluded from each data set. These ‘reduced’ data sets
contained 6405 relevés for Germany and 1221 relevés
for Czechia.

TWINSPAN classifications

TWINSPAN (Hill 1979) is a divisive classification
method which alocates samplesto groups by successive
dichotomization based on Correspondence Analysis(CA).
Since the currently used agorithm by Hill (1979) has
been found to use lax convergence criteriafor extracting
eigenvalues, which results in classification instability
(Oksanen & Minchin 1997), we employed an improved
version, which was adapted to a capacity of 9999 relevés
by S.M. Hennekens. Our tests of both versions revealed
only minor differencesin classification results. Therela
tive importance of the gradient associated with the first
TWINSPAN division was determined by calculating CA
eigenvalues for the two data sets using the CANOCO 4
package (ter Braak & Smilauer 1998), which has been
corrected to avoid the instability reported by Oksanen &
Minchin (1997). Todeterminewhat environmental gradi-
entsunderlay the ordination axes, mean Ellenbergindica
tor values (Ellenberg et a. 1992) for light, temperature,
continentality, moisture, reaction, and nutrientswere cal -
culated for al relevés and correlated to the relevé scores
on the ordination axes.

TWINSPAN was run on the entire and reduced data
sets of Germany, Czechia and the total (fused) data set.
Theindicator ordination option was used. It yiddsresults
almost identical to the default option, called refined or-
dination (Hill 1979; Bruelheide & Jandt 1997), but hasthe
advantage of providing assignment criteria which can be
applied crosswiseto the data sets. The assignment criteria,
which areindicator species and assignment thresholds,
can be considered as simple discriminant functions or
mapping keys. Whether a relevé is assigned to the
negative or positive group is decided by summing up
negative (—1) and positive (+1) indicator species and
comparing the result with the threshold. Indicator
species and thresholds were extracted from the
TWINSPAN output files using personally designed
programs. Such programs were also used for applying
them to the data sets and for evaluating the results.
TWINSPAN classification was run without pseudo-
species, i.e. only presence data were used, to the 3rd
level, yielding 2+ 4+ 8 groups. Minimum group size
for division was 10; maximum number of indicator
species was set to the possible maximum of 15. The
assignment criteria produced by the indicator ordina-
tion of each national data set were applied crosswiseto
the other national data set and to the total data set in

order to find out whether the assignment criteria are
transferable, or in other words, to check how well groups
distinguished in different data sets match. The ¢-coeffi-
cient (Fleiss 1981: 59-60; Bortz et al. 1990: 327) was
calculated asameasure of correspondencebetween groups
based on the indicator ordination and groups based on
assignment criteria transferred from the other data set.
The @-coefficient is equivalent to the correlation coeffi-
cient but allowsfor evaluating categorical data. It ranges
between -1 and + 1.

Thecomparison of thetwo TWINSPAN classifications
involved comparisons among three hierarchical levels.
This is necessary because the same vegetation type in
different data sets may be formed on different hierarchi-
cal levels. For example, thefirst classification’ s 3rd level
species may be the same as the second classification’s
2nd level species. Therefore, we included 14 (2+4+8)
groups in each comparison. Additionally, we examined
whether correspondence of groups occurred between the
1st to 3rd level and the 4th level (2+4+8+16 groups).

COCKTAIL classifications

The program COCKTAIL (Bruelheide 1995, 2000)
produces groups of species whose joint occurrence is
more frequent than expected in the case of random
species distribution in the relevé data set. An important
featureisthat the user pre-selects a starting speciesor a
small starting speciesgroup. Thispre-selection, to some
extent, determines the final composition of the species
group. In an optimization algorithm, further speciesare
added to the starting group on the basis of their u-value,
which is atest parameter measuring a species’ concen-
tration in agroup of relevés based on its departure from
a Gaussian distribution. Only those species whose con-
centration in the relevés bel onging to the species group
is higher than in the rest of the data set are added to the
species group. The u-value depends on (1) the differ-
ence in species frequency between the relevés belong-
ing to the species group and the other relevés, (2) the
size of the data set, and (3) the proportion of relevés
bel onging to the species group (Bruel heide 1995, 2000;
Bruelheide & Jandt 1995). The size of aspeciesgroupis
determined by thethreshold u-value, chosen by the user:
thelower the threshold, the more speciesareincludedin
a group. The number of species from a species group
that a relevé must contain in order to belong to this
species group is also defined statistically in such away
that alwaysfewer relevésbel ong to aspeciesgroup than
would be expected if the species of the group were
distributed randomly among the relevés (Bruelheide
1995, 2000; Bruelheide & Jandt 1995).

Onceaspeciesgroup isformed, other speciesgroups
may beformed using the same algorithm, independently
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Table 1. g-correlation matrix of TWINSPAN resultsfor assignment criteriaderived from the Ger man data set, applied to the Czech
data set; based on the entire Czech data set (n = 1287). Values > | 0.500 | are shaded.

TWINSPAN Units based on species groups from the Czech data set (n = 1287).....
Level 1st 2nd 3rd
Group 0 1 00 01 10 11 000 001 010 011 100 101 110 111
n 756 531 108 648 109 422 12 96 282 366 64 45 323 99
1st 0 1106 0.106 -0.106 | -0.015 0112 0.123 —0.184 | —0.147 0.038 -0.142 0.255 0.093 0.077 -0132 -0.110
1 181 -0.106 0.106 0.015 -0112 -0.123 0.184 0.147 —-0.038 0.142 —-0.255 —-0.093 -0.077 0.132 0.110
2nd 00 83 -0.121 0.121 0.012 -0125 0.352 -0.082 | —0.025 0022 -0131 -0.018 —0.046 0587 -0.123 0.055
01 1023 0.164 -0.164 | -0.020 0.173 -0.108 -0.108 | —-0.111 0.020 -0.043 0.231 0.107 -0291 -0.039 -0.128
..... 10 176 —-0.094 0.094 0.018 -0.102 -0.121 0.170 0.150 —0.036 0.150 —-0.251 —-0.091 -0.076 0.140 0.072
Identified 11 5 -0.075 0.075 | -0019 -0.063 -0.019 0.089 | —0.006 -0.018 -0.033 —-0.039 -0.014 -0.012 -0.036 0.216
by species 3rd 000 0 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
groups 001 83 -0.121 0.121 0.012 -0125 0.352 -0.082 | —0.025 0022 -0131 -0.018 —0.046 0587 -0.123 0.055
from the 010 985 0236 -0.236 0.002 0.231 -0.082 —0.199 | —0.099 0.039 -0.008 0.264 0.118 -0.264 -0.102 -0.184
German 011 38 -0.199 0199 | -0053 -0.166 —0.053 0.240 | —-0.017 —-0.050 -0.081 -0.110 —-0.040 -0.033 0.164 0.156
data set 100 176 —-0.094 0.094 0.018 -0.102 -0.121 0.170 0.150 —0.036 0.150 —-0.251 —-0.091 -0.076 0.140 0.072
101 0 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
110 5 -0.075 0.075 | -0019 -0.063 -0.019 0.089 | —0.006 -0.018 -0.033 —0.039 -0.014 -0.012 -0.036 0.216
111 0 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
of each other, starting with different user-determined Results
initial species groups. Different species groups may
be used for structuring a phytosociological table. TWINSPAN classifications

However, some relevés may belong to more than one
species group, and this fact implies that there are
many possible options for arranging the table (Bruel -
heide & Jandt 1997). This stage requires subjective
decisions, but the decision-making procedure is re-
peatable due to the stringent application of formal
logic (Bruelheide 1997).

COCKTAIL classifications were performed on
both the reduced and entire data sets. Species groups
as assignment criteria from each national data set
were applied crosswise from one data set to the other.
Correspondence between the groups from the proper
analysis of each national data set and the groups
resulting from the application of the other data set’s
assignment criteria was evaluated by the @-coeffi-
cient as described above.

Table 1 shows the TWINSPAN classification results
for the entire Czech data set, when units based on indicator
species groups from the Czech data set are compared with
units based on indicator species groups from the German
data set. Only two comparisons displayed considerable
correlation indicated by a gvaue exceeding 0.5. There
was almost no correspondence between unitsbased on the
Czech and on the German assignment criteria, i.e. the
Czech units were not reproduced by the German assign-
ment criteria. Furthermore, the German criteria were not
even able to bresk the Czech data set down into smaller
units. From the total of 1287 relevés 985 relevés dill
remained in one group on the third level. Some third-level
units (101 and 111) remained empty, indicating that no
Czechrelevématched the German criteriafor thesegroups.

Table?2. @g-correlation matrix of TWINSPAN resultsfor assignment criteriaderived from the Czech dataset, applied to the Ger man
data set; based on the entire German data set (n = 7909). Vaues > | 0.500 | are shaded.

TWINSPAN Units based on species groups from the German data set (n = 7909).....
Level 1st 2nd 3rd
Group 0 1 00 01 10 11 000 001 010 011 100 101 110 111
n 6475 1434 | 1412 5063 1382 52 16 1396 4736 327 1238 144 52 0

1 0 3233 | 0146 -0146 |-0191 0269 -0135 -0058|-0037 -0187 0334 -0173 -0115 -0071 -0058  0.000
1 4676 | 0146 0146 | 0191 -0269 0135  0058| 0037 0187 -0.334 0173 0115 0071 0058  0.000
2nd 00 104 | -0012 0012 | 0068 -0064 0014 —0.009|-0005 0069 -0053 —0.024 0011 0009 —-0009  0.000
01 3129 | 0149 -0149 |-0208 0286 -0139 -0056|-0036 -0204 0348 -0.168 -0119 -0073 —-0056  0.000
..... 10 1350 | 0214 -0214 | 0308 -0074 -0209 —0.037|-0.020 0312 -0037 -008  -0195 -0062 -0037  0.000
Identified 11 3326 | -0308 0308 [-0045 -0211 0294 008 | 0053 -0051 -0304 0.240 0264 0118 008  0.000
by species 3rd 000 12 | —-0058 0058 [-0018 -0032 0059 -0003|-0002 -0018 -0028 —0.008 0055 0019 -0003  0.000
groups 001 92 | 0008 -0008 | 0079 -0056 -0.006 —0.009 | —0.005 0080 -0046 -0023 -0008 0003 —0.009  0.000
from the 010 1279 | -0.095 0095 |-0203 0085 0102 -0023|-0020 -0202 0121 —0.091 0114 -0021 -0023  0.000
Czech 011 1850 | 0255 —-0255 |-0.063 0256 —0250 —-0045|-0025 —0061 0297 -0115 —-0236 -0066 —0045  0.000
data set 100 447 | 0115 -0115 [-0096 0169 -0113 -0020|-0011 -0095 0184 -0045 -0105 -0033 -0020  0.000
101 903 | 0169 -0169 | 0434 -0210 -0.165 —0.029|—0.016 0438 -0177 -0073  -0155 -0049 -0029  0.000
110 2684 | 0307 0307 |-0138 -0136 0312 -0005| 0039 -0143 -0.226 0.228 0279 0128 -0005  0.000
111 642 | 0025 0025 | 0159 -0147 -0010 0.165| 0.028 0156 —0.159 0038 -0007 -0009 0165  0.000
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Table 3. g-correlation matrix of TWINSPAN results for assignment criteria derived from the German data set, applied to thetotal

data set; based on the total data set (n = 9196). Values > | 0.500 | are shaded.

TWINSPAN Units based on species groups from the total data set (n = 9196).....

Level 1st 2nd 3rd

Group 0 1 00 01 10 11 000 001 010 011 100 101 110 111
n 8485 711 1672 6813 686 25 16 1656 6281 532 595 91 25 0

st 0 7581 0627 -0627 | 0217 0191 -0615 -0113| 0.019 0216 0200 -0.040 -0570 -0217 -0113  0.000
1 1615 |[-0.627 0627 |-0217 -0191 [0.615 0113 | -0.019 -0216 -0.200 0.040 0570 0217 0113  0.000
2nd 00 1495 0128 -0.128 | 0752 -0584 -0125 -0023| 0.095 0745 -0504 -0092  -0116 -0044 -0.023  0.000
01 6086 0405 -0405 [-0412 0610 -0.397 -0073| -0058 -0407 0554 0039  -0368 -0140 -0.073  0.000
..... 10 1558 [-0614 0614 |-0212 -0.187 [0625 -0.007| -0.019 -0211 -0.196 0.040 0579 0221 -0.007 0.000
Identified 11 57 [-0107 0107 |-0.037 -0.032 -0.007 0581 [ —-0.003 -0.037 -0.033 0004  -0.004 -0008 0581  0.000
by species 3rd 000 16 0012 -0012 | 0034 -0023 -0012 -0002| 0437 -0013 -0028 0012  -0011 -0.004 -0.002 0.000
groups 001 1479 0127 -0127 | 0751 -0584 -0124 -0023| 0.046 0749 -0503 -0093 -0115 -0044 -0.023  0.000
fromthe 010 5721 0371 -0371 [-0366 0548 -0364 -0067| -0054 -0361 0637 -0240 -0337 -0.128 -0.067 0.000
German 011 365 0059 -0059 [-0090 0115 -0.058 -0011| —-0.008 -0.089 -0.239 0692 -0053 -0020 -0.011 0.000
data set 100 1414 |-0550 0550 |(-0.200 -0.159 0561 -0.005| -0.018 -0.199 -0.175 0.049 0606 -0018 -0.005  0.000
101 144 |-0255 0255 |-0059 -0103 0261 -0.007| -0.005 -0059 -0085 -0024  -0012 0722 -0.007 0.000
110 57 |-0107 0107 |-0.037 -0.032 -0.007 0581 | —-0.003 -0.037 -0.033 0004  -0004 -0008 0581  0.000
111 0 0000 0000 | 0000 0000 0.000 0.000 |  0.000 0.000  0.000 0.000 0000 0000 0000  0.000

The match was even worse when Czech assignment
criteria were applied to the German data set (Table 2).
No ¢vaue exceeded 0.5; the maximum was 0.438. The
German indicator species themselves were not able to
subdivide the 11 group at the 3rd level, resulting in an
empty 111 unit. This behaviour is quite remarkable,
because minimum group size was set to 10. Therefore,
the column of group 11, with 52 relevés, could have
been expected to divide into two parts, which was not
the case. The reason is ‘misclassification’ by TWIN-
SPAN, meaning a deviation between the first so-called
refined ordination, based on CA, and theindicator species
ordination. For example, a relevé which was placed in
the negative group by the refined ordination was as-
signed to the positive group by the indicator ordination.
On each classification level, only 0to 2% of therelevés
are misclassified. Regarding one level only, the mis-
classification is not severe, but errors are multiplied
from level to level, because al previous assignment
criteria have to be applied. For example, the classifica-

tion of the 111 group at the 3rd level makes use of the 0-
1, 10-11 and 110-111 criteria.

Our expectation that more correlations would be
encountered using more hierarchical levelsproved to be
untrue. When the 4th level unitswereincluded in Table
1 (not shown), maximum @increased to just 0.640 (with
five more values above 0.5). In Table 2, the maximum
only increased to 0.466. Another result of including the
4th level was an increase in empty groups, both as an
effect of misclassification (two additional empty col-
umns each in Tables 1 and 2) and as an effect of
mismatching assignment criteria (9 and 1 additional
empty rowsin Table 1 and 2, respectively).

The correspondence between the two classifications
was much higher when the data set which provided
alocation criteria was a large subset of the data set to
which the criteria were applied. This can be demon-
strated with Table 3, where the assignment criteriafrom
the entire German data set were applied to the total data
set, 86 % of which was made up by the German relevés.

Table4. g-correlation matrix of TWINSPAN resultsfor assignment criteriaderived from the Czech dataset, applied to thetotal data
set; based on the total data set (n = 9196). Values > | 0.500 | are shaded.

TWINSPAN Units based on species groups from the total data set (n = 9196).....
Level 1st 2nd 3rd
Group 0 1 00 01 10 11 000 001 010 011 100 101 110 111
n 8485 711 1672 6813 686 25 16 1656 6281 532 595 91 25 0

1st 0 3989 0151 -0.151 [-0.199 0268 -0.145 -0046 |-0026 -0197 0360 -0216 -0.128 -0068 -0.046  0.000
1 5207 | -0151 0151 | 0199 -0268 0145 0046 | 0026 0197 -0.360 0.216 0.128 0068 0046  0.000
2nd 00 212 0017 -0.017 |-0014 0023 -0016 -0008 |-0.006 -0014 0041 -0038 -0014 -0008 -0.008  0.000
o1 3777 0147 -0.147 |-0.196 0263 -0141 -0044 |-0024 -0195 0351 -0206 -0.124 -0066 -0.044  0.000
..... 10 1459 0126 -0126 | 0428 -0.300 -0123 -0.023 |-0.018 0432 -0233 -0099 -0114 -0043 -0023 0000
Identified 11 3748 | -0.246 0246 |-0117 -0047 0238 0063 | 0040 -0122 -0.190 0.291 0214 0100 0063 0000
by species 3rd 000 24 |-0025 0025 |-0.024 0006 0026 -0003|-0002 -0024 0012 -0013 0030 -0.005 -0003  0.000
groups 001 188 0027 -0.027 |-0.006 0022 -0026 -0008|-0006 -0006 0039 -0036 -0026 -0007 -0.008  0.000
from the 010 1561 0007 -0.007 |-0212 0191 -0003 -0024 |-0019 -0210 0235 -0111 0006 -0022 -0024  0.000
Czech 011 2216 0163 -0.163 |-0.040 0135 -0.160 -0029 |-0.011 -0039 0197 -0140 -0.148 -0056 -0.029  0.000
data set 100 511 0070 -0.070 |-0.026 0065 -0069 -0013 |-0010 -0.025 0085 -0046 -0.064 -0024 -0.013  0.000
101 948 0098 -0098 | 0534 -0410 -009 -0.018 | -0.014 0537 -0344 -0084 -0089 -0034 -0018 0000
110 3007 | -0.260 0260 |-0.162 -0016 0262 0013 | 0004 -0.163 -0.155 0.278 0232 0118 0013 0000
11 741 0003 -0003 | 0067 -0057 -0022 0092 | 0.064 0.060 —0.077 0046  -0015 -0.022 0092  0.000
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Table5. Eigenvalues(Eig) and correlation coefficients of the
first and second Correspondence Analysisaxiswith Ellenberg
indicator valuesfor Light (L), Temperature (T), Continentality
(C), Moisture (M), Reaction (R) and Nutrients (N). Calcula-
tions are based on the reduced datasets. *** = P<0.001, ** =P
<0.01, * = P<0.05, n.s. = not significant.

Eig L T C M R N
Germany
Axis1 0.349 0.222"" —-0.051"" 0.029" -0.154"" 0.164™" -0.428""
Axis2 0.320 0.280"" —0.261""" —0.068* 0.873"™" —0.424™* —0.624""
Czechia
Axis1 0.253 -0.141"*  0.650"" 0.493** —0.055"s 0.696™*  0.525"
Axis2 0.219 0.203™ -0.181"" —-0.221""" —0.661""* —0.020"s —0.174""

Most units derived from German assignment criteria
corresponded to units derived from the total data set, as
indicated by @values > 0.5 in the diagonal of Table 3.
With amaximum @of 0.752, the two units were still far
from a complete match. In contrast, the Czech assign-
ment criteriaderived from only 14 % of the total data set
yielded the same lack of correspondence with the units
derived from the total data set (Table 4) aswith the units
derived from the German data set (Table 2). Obviousdly,
the size of the subset on which the assignment criteriaare
based strongly influences the degree of correspondence.
A pre-sdlection of relevés using dtrict floristic criteria
for belonging to the Calthion resulted in dightly higher
correlations (not shown). In the reduced Czech data s,
only three @-values exceeded 0.5 with a maximum ¢ of
0.553. Thereduced German dataset reached amaximum ¢
of 0.618 with one more value above 0.5. No higher ¢
values were encountered on the 4th level, where empty
groups occurred due to misclassifications and mismatch-
ing assignment criteria, smilarly to Tables1 and 2.
Visual ingpection of the TWINSPAN indicator species
revedled that the first divisions reflected different gradi-
ents in each of the national data sets. The following
survey of the indicator species refersto the reduced data
setsinwhich dightly better correspondencewasachieved,
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since most of the outliers had been removed. The fol-
lowing indicator species occurred at the first division
level:

German data set

negative indicators:

Achillea millefolium agg., Alopecurus pratensis, Bellis perennis,
Cerastium fontanum agg., Festuca pratensis, Plantago lanceolata,
Taraxacum officinale agg., Trifolium pratense, T. repens

positive indicators:

Carex nigra, Cirsium palustre, Galium palustre agg., G. uliginosum.

Czech data set

negative indicators:

Agrostis canina, A. tenuis, Briza media, Carex nigra, C. paniculata,
Cirsium palustre, Festuca rubra agg., Galium uliginosum, Juncus
filiformis, Luzula campestris agg., Myosotis palustris agg., Potentilla
erecta, Viola palustris

positive indicators:

Cirsium oleraceum, Lysimachia nummularia.

From knowledge of these species habitat preferences,
we infer that the first division in the German data set
reflects a moisture gradient from mesic to wet sites,
whereas in the Czech data set, the first division is
associated with the gradient from base-poor to base-rich
soils. Thisinterpretation is supported by the Ellenberg
indicator value analysis (Table 5). In the German data
set, the first CA ordination axis is mainly associated
with nutrients, but is also significantly correlated with
moisture. In the Czech data set, the first axis mainly
reflects the variation in soil reaction and temperature,
and it is not correlated with moisture. The second axes
in both data sets mainly reflect the moisture gradient,
but differ in the other gradients associated with it.

COCKTAIL classifications

Unlike TWINSPAN, COCKTAIL classificationsfor
each of the national data sets produced very similar
results both for extraction of species groups from each
data set and for crosswise application of the groups
between the data sets. Since the classifications obtained

Table6. g-correlation matrix of COCK TAIL resultsfor assignment criteriaderived from the Ger man dataset, applied tothe Czech data
set; based on the entire Czech dataset (n = 1287). Group numbers are identical with columnsin Table 9. Vadues> | 0.500 | are shaded.

COCKTAIL Units based on species groups from the Czech data set (n = 1287).....
Group 1 2 3 4 5 6 7 8 9 10 11 12 13 14
n 24 91 46 39 24 67 66 107 24 46 158 68 151 376
127 0943 -0006 -0.004 -0004 -0.003 -0.005 0.018 0012 -0003 -0004 -0008 -0005 0008 -0013
2 91 -0006 (1,000 -0008 -0008 -0.006 -0010 -0010 -0013 -0006 -0008 -0015 -0010 -0015 -0.024
3 68 -0005 -0010 [0.821 0384 0045 -0009 -0009 -0011 -0005 -0007 -0013 -0009 -0.013 -0.021
..... 4 17 -0003 -0005 -0.004 0659 -0.003 -0.004 -0004 -0005 -0003 -0.004  -0007 -0.004 -0.006 -0.010
Identified by 5 24 -0003 -0006 -0.004 0062 0916 -0005 -0005 -0.006 -0003 -0.004  -0.008 -0.005 -0.008 -0.012
Species groups 6 119 -0007 -0013 -0009 -0.009 -0.007 0.748 -0.011 0453 -0007 -0009 -0018 -0012 -0017 -0.028
from the 7 94 0006 -0012 -0008 -0008 -0.006 -0010 [0.824 0270 0015 -0008 -0016 -0010 -0015 -0.025
German 8 25 0003 -0006 -0004 -0.004 —0.003 -0.005 -0.005 0481 -0003 -0004 -0008 -0005 -0.008 -0.013
data set 9 24 -0003 -0006 -0004 -0004 -0003 -0.005 -0.005 0013 0958 -0004 -0008 -0.005 -0.008 -0.012
10 97 -0006 -0012 -0009 -0008 -0.006 -0010 -0010 -0013 -0.006 0656 -0016 -0010 -0016  0.261
1 251 -0010 -0020 -0.014 -0013 -0010 -0017 -0017 -0021 -0010 -0.014 0773 -0017 -0009 0275
12 43 -0004 -0008 -0.006 -0005 -0.004 -0.007 -0.007 -0.009 -0004 -0006  -0.011 0794 -0.010 -0.017
13 175 -0008 -0016 -0012 -0011 -0.008 -0014 -0014 -0018 -0.008 0011  -0.003 0200 0.883 -0.021
14 232 -0010 -0019 -0013 -0012 -0010 -0016 -0016 -0020 -0010 -0.013  -0.025 0.000 -0.008  0.760
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Table7. ¢-correlation matrix of COCKTAIL resultsfor assignment criteriaderived from the Czech data set, applied to the German data
set; based on the entire Ger man data set (n = 7909). Group numbers are identical with columnsin Table 8. Vaues>|0.500 | are shaded.

COCKTAIL Units based on species groups from the Ger man data set (n = 7909).....
Group 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

n 44 571 241 237 146 264 390 591 610 87 189 230 747 61 1145 2356
1 0 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0,000
2 384 -0009 0808 -0040 -0040 -0031 -0042 -0051 -0064 -0065 -0024 -0035 -0039 -0073 -0020 -0093  -0,147
3 205 -0012 -0046 0920 -0029 -0022 -0030 -0037 -0046 -0047 -0017 -0026 -0028 -0053 -0014 -0067  -0,106
..... 4 107 0006 -0024 -0014 0634 -0016 -0016 -0027 -0033 -0034 -0012 -0018 -0020 -0038 -0010 -0048  -0,076
Identified 5 289 0022 -0054 -0035 0495 [0689 -0006 -0044 -0055 -0056 -0021 -0030 -0034 -0063 -0017 -0080  -0,127
by species 6 262 -0004 -0046 -0033 -0028 -0010 0969 -0042 -0053 -0054 -0020 -0029 -0032 -0060 -0016 -0076  -0,121
groups 7 184 -0012 -0043 -0018 -0027 -0021 -0029 0670 -0044 -0045 -0016 -0024 -0027 -0050 -0014 -0063  -0,101
from the 8 261 -0004 -0035 -0033 -0032 -0025 -0034 -0042 0631 -0053 -0019 -0029 -0032 -0060 -0016 -0076  -0,120
Czech 9 1202 -0032 -0064 -0067 -0074 -0058 -0079 0242 0331 0683 -0035 -0066 -0073 -0,137 -0037 -0174  -0276
data set 10 85 -0008 -0029 -0011 -0018 -0014 -0019 -0024 -0030 -0030 0977 -0016 -0018 -0034 -0009 -0043  -0,068
11 0 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0,000
12 77 0010 -0023 0020 -0017 -0014 -0018 -0023 -0028 -0029 -0010 -0016 0519 -0032 -0009 -0041  -0,065
13 256 0025 -0040 -0003 -0032 -0025 -0034 -0042 -0052 -0053 -0019 0051 -0032 [0481 -0016 -0069  -0,119
14 59 -0006 -0024 -0015 -0015 -0012 -0016 -0020 -0025 -0025 -0009 -0014 -0015 -0028 0983 -0036  -0,056
15 1135 -0002 -0,109 -0070 -0072 -0056 -0076 -0093 -0116 -0118 -0,043 -0033 -0071 -0127 -0036 0950  -0,254
16 3403 0021 -0115 -0132 -0153 -0119 -0161 -0,198 -0247 -0251 -0,092 0130 0093 0175 -0071 -0321 0,741

using the reduced data setsdiffered only dightly from the
results obtained using the entire data sets, only the latter
arepresented intables. High correspondence between the
assignment criteria of both countries is documented in
Tables6 and 7 where high ¢-values are concentrated on
the diagonal. The only deviation was that relevé groups
1 and 11 of the German classification could not be
identified by the species groups extracted from the
Czech data set (Table 7) because the species groups
corresponding to theserelevé groups did not exist inthe
Czech data.

Floristic differentiation in the entire nationa data sets
is presented in Tables 8 and 9, dongside attempts to
create phytosociological tables from the species groups
extracted from one national data set and applied to the
other national data set. Three species and relevé groups
werefound that roughly correspond to the abandoned wet
meadows of the Filipendulenion suballiance. The
Valeriana officinalis group was only distinguished in the
German dataset (Table8, column 1); it correspondstothe
Valeriano-Filipenduletum Sissingh in Westhoff et al.
1946 and the Val eriano-Polemonietum caerulei Rosskopf
1971. In Czechia, theformer association occursonly inthe
extremenorthwest andismostly characterized by Valeriana
procurrens, which is a subatlantic species from the V.
officinalis aggregate. The latter association has not been
reported in Czechia. The presence of Euphorbia palustris
in the Valeriana officinalis group indicates that relevés of
subcontinental tall-forb meadowsfromthelower reaches
of large rivers (Veronico longifoliae-Lysimachion
vulgaris) wereadsoincluded. The Carexgracilisgroupand
the Chaerophyllumhirsutumgroup (Table8, columns 2-3,
Table9, columns 1-2) werefoundin both the German and
the Czech data sets. The former indicates transitions from
the Filipendulenion to the Phragmito-Magnocaricetea,
whereasthelatter includes montane Filipendul enion com-

munitiesthat largely correspondtothe Chaerophyllo hirsuti-
Filipenduletum Niemann et a. 1973. No relevé group
could be clearly identified with the widely recognized
association Filipendul o-Geranietumpal ustrisK och 1926,
asit ismostly negatively differentiated.

For the Calthion s. str. (Calthenion), three correspon-
ding groups were distinguished in each of the national
data sets, and the fourth group was found in the German
data set only. The Cirsium oleraceum group indicates
base-rich soils and includes the Angelico-Cirsietum
oleracei Tiixen 1937, CirsietumrivularisNowinski 1927
and some related associations (Table 8, columns 4-6;
Table 9, columns 3-5). On the contrary, the Cirsum
palustre group is typical of base-poor soils and corre-
sponds to the group of associations including Crepido-
Juncetumacutiflori Oberdorfer 1957, Angelico-Cirsietum
palustris BaldtovaTulackova 1973, and Polygono-
Cirsietum palustris BalatovaTul&kové 1974 (Table 8,
columns 7-10; Table 9, columns 6-9). The Senecio
aquaticusgroup isfound only in the German data set and
is not reproduced in the Czech data set. This group
correspondsto the Senecioni-Brometumracemos Tuixen
et Preising 1951 ex auct. (Table 8, column 11), whichisa
low-altitudinal subatlantic community not occurring in
Czechia Thelast speciesgroup typical of the Calthionis
the Caltha palustrisgroup, whichincludes several species
with a rather large ecologica range. Species from this
group often co-occurred with those from the Cirsium
oleraceum and Cirsium palustre groups and, in phyto-
sociological terms, they may bebest termed asthe Calthion
character (or differential) species. In both nationa data
sets, therewasarelevé group lacking the previous species
groups and solely characterized by the Caltha palustris
group (Table 8, columns12-13; Table9, columns 10-11).
These relevés may be unequivocaly assigned to the
Calthion aliance, but their classification into associa-
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Table 8. Synoptic table produced by COCKTAIL. Assignment criteria were derived from the Ger man dataset, then applied to the
entire Ger man dataset (n = 7909) and to the entire Czech dataset (n = 1287). Occurences of speciesin relevésthat are relevant for
assigning these relevés are shaded.

COCKTAIL species groups
from the German data set...

... applied to the German data set

... applied to the Czech data set

=Assignment
Number of relevés 4522123568127¢612 0296121922192412
key G 47 434699 17834113 7187 41454144373
11764010 9 07 4 5 9 8 20
5 6
Name of group Number of unit 1234567891111 111 1t 112222222222333
Required species 012345¢6 78901234567 89012
Valeriana officinalis Valeriana officinalis agg. V+ I +1rrrrrrrr .t T | P r ror
group Geranium palustre Wr . rrorororor .. [ A W tnmror +r + + 1 11
2outof 4 Polemonium caeruleum .o . r.o.r N .
Euphorbia palustris L . . . .
Carex gracllis Carex gracilis FIVe + 1r + + + + 0+ 1 .1 + Ve it nmr 1o + 1 + |
group Phalaris arundinacea W WvWr rrrrrororecr rroro+ Vr | ror ror ror
2outof 6 Glyceria maxima rfiitr .orr .orrrrororo. v . . . rr
Iris pseudacorus anrrrrrrrr . . .00 . .r ro. . .. .
Thalictrum flavum + 0 .rr orrr oo o . N r
Peucedanum palustre + . rr orroror rro.oror + . . ro. v r
Chaerophylium hirsutum  Chaerophyllum hirsutum +r W+ rrororr +r 1 rr + VI e (I S I I |
group Cardamine amara P S\ 21 SR A O rr.or ron + ro| r r
2outof8 Stellaria alsine o+ +r +rrrror oL n oo r o+ + rr rr
Chrysosplenium oppositifolium F | P r e e . .
Ranunculus aconitifolius P | D A A 4 +r rr ° . . r PN
Epilobium obscurum T O - .r + e o000 + o+ ror
Stellaria nemorum P | T S 4 . rr + e ro.
Chrysosplenium alternifolium P SN .or r R . r ro.
Clrsium oleraceum Cirsium oleraceum Hi + VVVr I + 00 01 101 Wi IVVV + 1 1L+ br 1l
group Geum rivale Fr b VVV s+ + 1 +10 + 1 1 rr P+ VVIVE + 11+ 0 + 10 + 1
2outof3 Cirsium rivulare LS S G B | NP S A 4 rr e nr . R I I
Cirsium palustre Lotus uliginosus iy g vyvvvauauuwnirn + 0+ mmn v Lo+ +
group Cirsium palustre ot VvV IV et Hme mvvyv viIvIiVIEI
3outof5 Juncus effusus I Hmn e + MBEIVIVE I ror 0 MHVIVIETVVVVIVICR N
Galium palustre agg. LU L V2 T A B T | ro o wn vivivime it or o+ 1
Juncus acutiflorus ro+ b oo HE e [ T T
Senecio aquaticus Ranunculus auricomus agg. rbr bbb br b Ve £ 1+ o+ MmmiwvivivivVIVIV VIVIVIVIVII
group Senecio aquaticus b+ b Ve 204 r A A Vr . . ..
2outof4 Bromus racemosus S+ + + 10+ +HleroLoror B .
Fritillaria meleagris r+ .r . . .rr . A A
Calitha palustris Carex nigra Frawver viveman v iive + |l v, mviviIivvvig ni
group Caltha palustris BWIVIVIE L VIVE R ILIVIVE r ViIivIivVaeEn vviamiinimivive nn
3outof8 Galium uliginosum WV viviE VE IVIVE L WMV amv vy vy v vl
Crepis paludosa o+ nem+ v nmm+ oy + WV e s e
Valeriana dioica + Vs e o+ W oror + L o v e awmmnror
Scirpus sylvaticus L | T | | 1 O T A | S S Ay IV VAV HENE BV IV e v m o
Carex panicea JR R N 0 O |1 | A 1 B "0 1 S | + 0 P VI VOIVIVEE R Mo+
Dactylorhiza majalis +r L mr+ ey oo ror i | T O R | R R (R
Agrostis canina Agrostis canina + b b VEN b e o | rlH VI Ve o+ o+
group Viola palustris rr b+ . W+l + 1 V1 .o o+ P T rivE L Ve o+ o+
2outof6 Epilobium palustre o+ e+ c i e r rororor roto v+ o+ mrooror
Carex echinata o+ r o ro o+ MroLoror o+ ! rllbe v+ 80 Mror o+
Eriophorum angustifolium + + + + 0+« M+ o1 o+ o+ rflbre r b L oror
Carex canescens r+vr o b o brrror P T | P | Y S N 4
Heracleum sphondylium  Dactylis glomerata agg. Nr b+« 0 Vrrr b+ . r VIVs b+ e+ 0 0 e o HE N
group Veronica chamaedrys + 0 0 e M+ o+ VOl Wi vivie nwvyvi
3 out of 10 Achillea millefolium agg. Frr b Ll ¢+« VI + VIV L | T VA0 T A VA |1 T A T R VAN A
Heracleum sphondylium e b+ e v or 0 oror NENE Y Nl r + V+e +r il + + VIIL+
Trisetum flavescens e+ 0 e oror M+ ror N +r o+ L Mroror 0L o WY
Leucanthemum vulgare agg. o+ o+ o A oo+ VI Lrr o B+ or man + + 0 Hr
Galium mollugo agg. W+ +r 0 Wrrr 0 rrrmwnr I+ r + + + i s
Anthriscus sylvestris +rrororlbroror o+ oo M + 4+ L'l rrrl +7rorr | r
Arrhenatherum elatius Frr+ + b dbr oor T +r + 0. B rr dlr
Crepis biennis rr .o e roror b ro.o. . o . R
Geranium sylvaticum Geranium sylvaticum .rlbrrrororor o+ rr iVror rr | +r IV + |
group Hypericum maculatum L' rr +r 0 + + 0l +r VI r R | I I "2 [ I |
2outof5 Phyteuma spicatum [ SR S S S 4 rr iVr s r +rr rr o+ .o Mror
Poa chaixii rrorororororor S ror r . r ror .+
Cardaminopsis halleri L S ror r +r b rr re V. +

tionsis problematic dueto thelack of association charac-
ter species. Inthe present tables, they arebest classified as
the central association of the alliance (Dierschke 1981).
Apart from the above species groups, three other
groups are shown in Tables 8 and 9 that correspond to
other high-rank grassland syntaxa, i.e. the Agrostiscanina
group (Caricion fuscae), Heracleumsphondyliumgroup
(Arrhenatherion), and Geranium sylvaticum group
(Polygono-Trisetion). These groupsindicate transitions

from the Calthion to the syntaxa mentioned.

A large number of relevés remained unclassified,
particularly in the German data set, amounting to 30 %
of the entire data set, but this was because we just
performed aninitial classificationwith only afew species
groupsto demonstratethe method. Apart fromthegroups
presented in Tables 8 and 9, we found roughly 20 more
groups which would produce a much finer classifica-
tion. In aregiona study of alarge variety of montane
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Table 9. Synoptic table produced by COCKTAIL. Assignment criteria were derived from the Czech dataset, then applied to the
entire Czech dataset (n =1287) and to the entire German dataset (n = 7909). Occurences of speciesin relevés that are relevant for

assigning these relevés are shaded.

CUCUK 1 AIL species groups
from the Czech data set

=Assignment

.. applied to the Czech set

... applied to the German set

Number of relevés 2 9432661241613 32122121872513

416 9 4760462528757 8 0086862575914

keyc 7 8 16 45792410 6 30
2 5 3

Name of group Number of unit 123456789111 11 1111 1222222222
Required species 012 4 567 8 9012345¢6738
Carex gracilis Carex gracilis V+ILmnm+1 1001 «1 r +1 Vr+4+r1r +1 ++r0 1 .l
group Phalaris arundinacea Vr . + . rr . ro. rr V+rrrrrorr . rrr +
2outof 3 - Glyceria maxima ... . rr WVr . rr . rrororor . r
Chaerophyllum hirsutum Chaerophyllum hirsutum + VI T+« r'V+rr + 4+ 01 +1 rr
group Stellaria alsine Mmoo+ [N rr + V. rrl ++1 40100 T
2 outof 6 Cardamine amara ro i r. . rr LT .or rVr r . rrr . rr . rr
Epilobium obscurum + 0 rr . o+ 01 r + 4+ ror P | S A 4 . .or

Chrysosplenium alternifolium | PR ¢ ro. . . . . r . o .or

Stellaria nemorum B [N | . ror

Cirsium oleraceum Cirsium oleraceum WHVIVV e L b+ e W I+ VVV 4+ 4+ 4+ 0+ 0001 01
group Geum rivale I + VVIVI + +r1r 1 + 11 + + r 1l VVV+ + 4+ +1 |1 1 1 +
2outof3 Cirsium rivulare R R | | | I SR G S T R ¢ robnw . oo oo
Cirsium palustre Juncus effusus mwwvivie vvvviimianngan mmmtr + VEBEIVIVI + + 7 |
group Cirsium palustre Wmnmvyvvyv IvVIENl# | Emmuetr vvvyvimn.: i
3outof5 Galium palustre agg. e viviviIer Y ro+ 1 L T S A2 |/ A VAR | | S G
Lotus uliginosus L T T S T 11 (T 1 S Y I B Hvmue v vy v iumnt:n

Juncus acutiflorus P S T T P, + b eI r o+

Caltha palustris Caltha palustris WVIVV IV VImyY vie nu vViaEvaeidvvilunvyv+rl
group Galium uliginosum WMV Iivilvy VvV IVVVVIVIEH v mevviwvvyvit
3outof4 Scirpus sylvaticus VIVV IV VI IVIVVIE Ve v IvVIVe + 1
Crepis paludosa L 1\ VA RS {1 |1 T [ + MV VVIERLBINNVNIEG +

Agrostis canina Eriophorum angustifolium + 0+ + M+ 0+ Mr . or o+ rro+ror b r M+ . or o+
group Carex sechinata o+ b« M+ rr o+ o+ rrroror b b Mroor o+
2 out of 6 Agrostis canina b vE Ve 1o+ L'l err MR+ M0 ¢ror |
Viola palustris L S T G VAN | A I \ V2 N B | r+r 0 Ve o+ I+ o+

Epilobium palustre [ N || M | I | S | r b+ +r WL W+ r o+

Carex canescens R 2 T U | N S B | I O 1 r+rcr . WM.

Heracleum sphondylium  Achillea millefolium agg. LA T IR |20 | I {20 R B " " rr b Lo+ VI + IVIVI
group Veronica chamaedrys v enunvieEnv Vi [ T O U | O I | R BT | B ¢
3outof 9 Heracleum sphondylium N r + V+ + 0 T+ WM+ [ N G A | N GO G S || G G | 0 [ N 4
Dactylis glomerata agg. o+ + W+ c W0 ror W+ r o+ 1 Vroror il r VIV+

Trisetum flavescens +r + + Wr . M o+ WH rror LM oror M0+ o N

Leucanthemum vulgare agg. e+ M+ ror 0+ + 1 0+ rror o+ s+ VI

Campanula patula +rr . Wr o 0. KN .ok o+ 0

Galium mollugo agg. W+rrbrrr+. . I+ ro+r L Wroror oo e

Arrhenatherum elatius rr .o+ 0 .. . .o br rrro+ oo 00 WY

Geranium sylvaticum Cirsium heterophyllum + 7 .+ +017 + 1 +1 V4l . . r .r + 1 . T
group Hypericum maculatum L G | T | I \ V0 I | r + + +r ++r1r Il +r VI r
2outof 6 Geranium sylvaticum r i+ +rr o+ bro rlbrrr +r 1 ++r1 NVNror
Cardaminopsis halleri +r +r . . . .l r + .. N S S I P 4

Phyteuma spicatum s.str. r . rr . . rr o r r rror rivVr r

Poa chaixii r R ro. 1 r rrorooror ror rolror

grassland communities (Bruelheide 1995), 24 species
groupswere sufficient to reduce the number of unclassi-
fied relevésto 2.1% of the data set.

Discussion

Lack of correspondencein the TWINSPAN classifications

The groups produced by TWINSPAN with assign-
ment criteria from one national data set showed almost
no correspondence with the groups produced with as-
signment criteria from the other national data set, nei-
ther for the entire nor the reduced data set. Even when
the German and Czech data were combined into one
data set, TWINSPAN was unable to detect similarities
when the assignment criteria were based on a small

national subset. There are two possible reasons why the
assignment criteria are not transferable between na-
tional data sets: either vegetation typesin thetwo neigh-
bouring countries are compl etely different and not com-
parable, or TWINSPAN fails to reveal corresponding
groups in different data sets, despite the fact that these
groups do exist.

Even if the immense variation within a broadly de-
fined vegetation type like the Calthion on the scale of
countriesistaken for granted, itisvery unlikely that there
are no common vegetation typesat all. For Germany and
Czechia, many phytosociological studieshaverepeatedly
reported several associations to occur in both countries
(cf. Oberdorfer 1983 and Bal&tova- Tulackovain Rybnicek
et al. 1984). Obvioudly, the lack of correspondenceisa
methodological problem of TWINSPAN.

TWINSPAN uses one-dimensiona correspondence
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analysis (CA) ordination to divide the data set into two
subsets. Successively, anew CA ismadefor each subset,
and new divisions are performed according to sample
positions on the ordination axis. In this agorithm, two
features of TWINSPAN may be responsible for causing
correspondence between two classificationsto belacking:

1. The CA-based division does not properly reflect
the data structure. Van Groenewoud (1992) reported
that with artificial data of rather simple structure, the
splitting rule of TWINSPAN overrode the necessity of
keeping closely related samples together. The results
were particularly unstable when thefirst two orthogonal
gradients were of the same length. The same result for
CA wasreported by Minchin (1987). Oksanen & Minchin
(1997) showed that agreat deal of instability in TWIN-
SPAN isduetolax convergencecriteriain thealgorithm
used to estimate the CA eigenvalues and predicted that
more stringent criteria would eliminate the instability.
We used the improved TWINSPAN version and found
the difference between this and the previous version to
be of minor influence.

2. Assuming that the TWINSPAN algorithm works
properly, another explanation must be sought for why
the two data sets are classified in an incompatible way,
even though traditional phytosociologists could identify
severa vegetation types common to both countries.
This explanation may be the sensitivity of TWINSPAN
to differences in data set structure: in our case, the first
CA axesinboth datasetsdiffered in underlying environ-
mental gradients.

Thefirst gradient detected by the CA ordination may
be strongly influenced by arelevé group from extreme
environments present in the data set. If two data sets
consisted of relevés from roughly identical environ-
ments, but one of them additionally contained several
relevés from e.g. extremely cool sites, the first axisin
this data set might reflect the temperature gradient,
whileinthe other data set, whererelevésfrom such sites
wereabsent, thefirst axis might be associated with some
other gradient. This situation is more likely to occur if
the first and second gradients are of similar length, i.e.
their eigenvaluesareclose, asisthecasein our data sets.

Once the data sets are divided differently into two
subsets according to their first axes, the differences
increase down the hierarchy, resulting in incompatible
end groups. Thiswould probably occur even if the first
axisin onedataset corresponded to the second or higher
axisin the other data set, because the second CA gradi-
ent as detected in the whole data set need not always be
found inthe CAsof thefirst-level subsets. Thelarger one
of the two subsets can still reflect the second gradient of
the whole data set, whereas the smaller one can be domi-
nated by another gradient, possibly because the impor-
tant relevés of the second gradient have been allocated

characterizing only a minor part of the second gradi-
ent. Even if such relevé allocation occurred in only a
single subset of either of the data sets, the consequence
would be asevere decreasein correspondence between
thetwo classifications. It isalso possible that neither of
thetwo subsetsin one or both data setswould reflect the
second gradient. Asaresult, completely different classi-
ficationswere obtained from datasetscontaining alarge
proportion of vegetation types which are considered
identical by classical phytosociology.

Differences are amplified by the tendency in
TWINSPAN to misclassify a certain amount of relevés
on each hierarchical level. This effect has proved to be
problematic when working with assignment criteria on
more than three levels.

Balancing data sets: a remedy for TWMINSPAN
classification?

Assuming that the TWINSPAN classification in-
compatibility probably results from differences in data
set structure, the solution to the problem should be
sought in balancing the data sets. However, phyto-
sociology almost exclusively works with unbalanced
datasetslike ours, and we are not aware of an appropri-
ate method which would allow a reasonable balancing
of data sets consisting of real data. Let us discuss some
balancing options:

1. Balancing by size. Our entireand reduced German
data sets were 6.1 and 5.2 times larger than the corre-
sponding entire and reduced Czech data sets, respec-
tively; consequently, thetotal dataset classification was
strongly biased towards the German classification. It
would have been possibleto reduce the German data set
to the size of the Czech set by random selection. How-
ever, taking into account that Germany is 4.5 times
larger than Czechia, the total data set would have to be
considered as biased towards the Czech classificationin
thiscase. Inaddition, the proportion of theareasactually
occupied by Calthion meadows in the two countriesis
unknown. Apart from the immense effort involved in
the repeated random sel ections which would haveto be
done before stable results would be obtained, this bal-
ancing by sizewould not solve the problem of balancing
the different representation of vegetation types in the
data sets. Even if the field sampling was done by sys-
tematic or random design, according to the area covered
by Calthion meadows in both countries, the different
abundance of corresponding vegetation types in each
country would result in different classifications.

2. Baancing by vegetation types. In this case, an a
priori definition of all vegetation types involved would
be necessary (cf. Bruelheide & Jandt 1997), and resulting
classifications would be based on a circular argument.



- Towards unification of national vegetation classifications - 305

The problem would not be solved even with data sets
involving al existing relevés from both countries. For
example, a certain community may comprise 1/10 of the
relevés in the German data set, but only 1/100 in the
Czech data set, just because it is more common in Ger-
many or sampled moreoften by German phytosociol ogists.

3. Balancing by outlier exclusion. The structure of
data sets selected from large data bases is strongly
dependent on the selection method. Our entire data sets
differed inthisrespect; the German data set consisted of
alarger selection of wet meadow relevés, while in the
Czech data set only relevés assigned to Calthion by the
origina authors were included. Therefore, in the re-
duced data sets, we attempted to balance the data sets by
defining our study object by the presence of aminimum
number of eight out of 103 arbitrarily chosen diagnostic
species. By applying such a definition, we hoped to
exclude most of the deviating relevés. Comparing the
classifications of the entire and reduced data sets we
found more unequal divisionsin the former. For exam-
ple, thefirst-level division of the entire German data set
based on German assignment criteria produced groups
of 6475 and 1434 relevés (Table 2). In contrast, the
reduced dataset showsamoreequal divisioninto groups
of 2716 and 3689 relevés. Another feature is lower ¢
values for the entire data sets than for the reduced data
sets. For example, Table 2 shows no value above 0.5,
whereas the corresponding analysis of the reduced data
set yields two values. We conclude that outlier exclu-
sionimproved the correspondence between two classifi-
cations, but only to aminor extent.

Features of the COCKTAIL classifications

In contrast to TWINSPAN which seems to produce
classificationsonly vaidinaparticular dataset which are
not transferable to other data sets, the method imple-
mented in the COCKTAIL program permits the user
more freedom in looking for species groups and their
combinationsreported from previousstudies. Inthisway,
analyses of new data sets may be easily linked to already
existing classifications. Our resultsal so show that COCK -
TAIL can easily detect species groups and communities
present in one data set and not in the other, such as the
Senecio aquaticus group or the Senecioni-Brometum
racemosi community, which occurs in Germany and not
in the Czech Republic, and the Valeriana officinalis
group or theVal eriano-Filipendul etumcommunity, which
is well-known from Germany but in Czechia is only
rarely reported from the western areas adjacent to the
German border (Balaova Tul&tkovain Rybnicek et al.
1984).

Unlike many other algorithms, COCKTAIL proved
to befairly unaffected by outliers. Thiswasdemonstrated

by only margina differences in classifications based on
the reduced or entire data sets. Another important prop-
erty of the COCKTAIL classificationisthat somerelevés
which do not bel ong to any of the species groupsused for
classification, remain unclassified. On the one hand, this
isan advantage of the method (Brueheide & Jandt 1997),
because only florigtically well characterized relevés are
assigned to groups, forming ‘cores’ of vegetation types.
Ontheother hand, several vegetation typesrecognizedin
thetraditional phytosociological studiesmay remain out-
side the classification, as they are only defined by one
speciesand not by aspeciesgroup, such asthe Caricetum
cespitosae. Thisisalso the case for communities defined
by dominance (e.g. Scirpetum sylvatici), because the
speciesgroup method isbased on presence/absenceonly.
Furthermore, all vegetation types which are solely nega
tively characterized, such as basal communities, cannot
be detected by the COCKTAIL method.

Conclusion

The European Vegetation Survey project is currently
in the stage of gathering computerized data, and thereis
an urgent need for the devel opment and unification of the
survey methods, including numerical analysis of large
data sets. We have found that the widely used program
TWINSPAN, when applied to different national datasets
of the same vegetation type, may produce results only
valid in aparticular data set which are not transferable to
other data sets. As TWINSPAN is currently the only
classification method used in TURBOVEG (the standard
EVS software package for data storage and anaysis),
there is a danger that the national vegetation survey
projectsin different countries may result in a number of
incompatibleclassifications. Andternativeclassification
method may be COCKTAIL (Bruelheide 1995, 2000), a
fundamental feature of which is the ahility to produce
national classifications which are comparable and trans-
ferable between countries. However, some aspects of
COCKTAIL need further improvement, e.g. the pre-
selection of the starting species groups.
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