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A numerical approach to the syntaxonomy of plant communities
of the class Festuco-Brometea in Slovakia

- Daniela Michalkova & Jozef Sibik -

Abstract

Classification of higher level vegetation units (orders and allances) based on numerical methods
often yields different results than traditional plant i ification concepts. We performed a
numerical cluster analysis of phytosociological relevés from the class Festico-Brometea in Slovakia with
the aim of identifying areas of overlap between the two classification approaches. The rescarch was car-
ried out using a database of approximately 1500 phytosociological relevés sampled in the period
between 1927 and 2004. The outputs of the numerical classification form six clusters. Diagnostic taxa of
individual clusters were determined using species constancy and fidelity. The cluster analysis cnabled us
to differentiate the alliances Seslerio-Festucion pallentis, Diantho lumnitzeri-Seslerion albicantis, Festu-
cion valesiacae, Cirsio-Brachypodion pinnati and Asplenio septentrionalis-Festucion pallentis (incl. Fes-
tucenion pseudodalmaticae). However, it did not permit the differentiation of the alliances Koelerio-
Phleion phleoidis and Bromion erecti. Tt also did not allow us to differentiate the orders Brometalia erecti
and Festucetalia valesiacae. The reason for this may be the peripheral oceurrence of plant commaunities
of Brometalia erecti in Slovakia.

7 . N edfia e ie der Pfl llschaf
der Klasse Festuco-Brometea in der Slowakei

Erstmals wurde eine ische Analyse von iologisch fnahmen der Klasse Festu-
co-Brometea in der Slowakei durchgefiihrt. Sie versucht, eine Beziehung zwischen der traditionellen
Klassifikation von Pfl lIschaften héherer ionseinheiten (Ordnungen und Verbinde) und

einer Klassifikation mit numerischen Methoden zu finden. Insgesamt wurden etwa 1500 Aufnahmen
aus dem Zeitraum 1927-2004 analysiert. Die numerische Analyse und Ordination unterscheiden 6 Ein-
heiten, deren diagnostische Arten mit der Hilfe von Stetigkeit und Gesellschaftstreue bestimmt sind. Sie
gehoren zu folgenden Verbinden: Seslerio-Festucion pallentis, Diantho lumnitzeri-Seslerion albicantis,
Festucion valesiacae, Cirsio-Brachypodion pinnati und Asplenio septentrionalis-Festucion pallentis (incl.
Festucenion pseudodalmaticae). Die Verbinde Koelerio-Phleion phleoidis und Bromion erecti konnten
hingegen nicht abgegrenzt werden.

Keywords: classification, cluster analysis, dry grasslands, Festuco-B , phytosociology, xero-
thermic vegetation.

1. Introduction

The classification of dry grassland communities in Slovakia is problematic. The tradi-
tional classification of plant ities of the class Fe B Br.-Bl. et Tx. ex
Klika et Hada¢ 1944 has until now been based ‘only’ on the extensive field experience of
experts in xerothermic vegetation (MAGLOCKY 1981; MUCINA & MAGLOCKY 1985). This
approach is rather subjective. For instance, in the past only local differences in vcgetauon
types were used as the basis for the description of new syntaxa. The present study tries to
support this traditional approach with the formalised numerical analysis of phytosocmlogl-
cal relevés and classification of higher level vegetation units (orders and alliances). Dry
grassland vegetation in Slovakia, as well as in other countries, responds sensitively to long-
term changes related to human impact and management (or the cessation thereof). Along
with syntaxonomical studies, it would be important to carry out syndynamic research of
successional changes as well.

In the present paper, we focus particularly on the following questions:
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the taxa by their constancy (in %; + = constancy < 0.5 %) and the mean value of abundance (upper
index, in ordinal scale) calculated with FYTOPACK, while *f* shows the fidelity as the phi coefficient
multiplied by 100. Diagnostically important taxa of individual clusters were determined by calculating
constancy and fidelity of each species to each cluster, using the phi coefficient of association in the pro-
gram Juice 6.1 (TICHY 2002). These taxa are given in bold. We defined diagnostic species as those species
whose frequency in a vegetation unit was at least two frequency classes higher than in other vegetation
units (BERGMEIER et al. 1990). For more precise information, we used particular percentage values
instead of the frequency classes. In some cases, when the threshold value of species constancy did not
achieve the ‘rule of difference in two frequency classes’, we combined it with the fidelity value. We did
this because, according to TICHY, ‘the constancy of a species shows the liable frequency of its occur-
rence in a group, but it does not represent its diagnostic weight. On the other hand, the fidelity value
might be high also for the species, which are strictly linked with a particular syntaxon, although its con-
stancy is relatively low. Constancy and fidelity cannot substitute each other. It is very convenient to
combine them into a synoptic table’ (TiCHY 2004, TicHY & HOLT 2006). A map of relevé locations
accompanies each cluster (Fig. 1-6). The maps were created using the program DMAP (MORTON 2005).

The sources of individual relevés, sorted according to particular clusters, are given in alphabetical
order in Appendix 1. The information includes number of relevés; author and year in which the relevés
were published; brief references (in brackets; for unpublished data only the names of authors are given);
table(s) and relevé(s) sequence; and finally, orographical unit within the study area.

The nomenclature of the taxa follows MARHOLD & HINDAK (1998). In Table 1, the designations of
the diagnostic taxa of classes and lower syntaxa follow CHYTRY & TICHY (2003), MUCINA et al. (1993),
HOLUB et al. (1967) and partly also MAGLOCKY (1985, mscr.).

3. Results

We obtained almost identical numerical classification results through the application of
three different algorithms, namely the p-flexible method with Euclidean distance, the
Wishart similarity coefficient and Jaccard similarity coefficient. Comparing the results of the
different classifications, we have decided to consider the application of the Wishart coeffi-
cient as the most appropriate. Using this coefficient, the differentiation of the clusters was
closely related to the view of the classic authors of syntaxa descriptions. Interpreting the
results, we have applied the third highest level of dissimilarity. The individual clusters of the
dendrogram pertained to concrete, floristically and ecologically well-defined groups
(Table 1).

3.1. Cluster A: Carex humilis-rich group (Fig. 1)

This cluster comprises relevés of Carex humilis-dominated associations. These dense
grasslands occur on sites with relatively deep soils (in comparison with cluster B). The pres-
ence of thermophilous species (Allinm ﬂ/wum, Melica n/m!a, Potentilla avenaria, Pulsatilla
grandis, Rhodax canus, Stipa /oarmu, S. pul ) diffe rhn type of g
(belonging to the class Fe 0 from dry lands also d by Carex
humilis occurring at higher altitudes (belonging to the class Elyno-Seslerietea Br.-Bl. 1948,
alliance Astero-Seslerion calcariae Hada¢ ex Hadat et al. 1969, suballiance Pulsatillo slavicae-
Caricenion humilis Uhlitovi in Kliment et al. 2005; cf. KLIMENT et al. 2005). The different
ccological conditions of the inner-Carpathian basins and adjacent slopes of the surroun-
ding mountains have a strong influence on the floristic configuration of the vegetation domi-
nated by the same grass species (KLIMENT & BERNATOVA 2004).

3.2. Cluster B: Festuca pallens-rich group (Fig. 2)

This group includes open vegetation of rock outcrops dominated by the grass Festuca
pallens, which occurs on extreme sites with thin, discontinuous soils. Festuca pallens prefers
sunny, rocky sites most frequently on basic to neutral soils (DOSTAL & CERVENKA 1991,
1992). There are some floristic similarities to the cluster A (co-occurrence of Potentilla are-
naria, Poa badensis, Stipa pulcherrima, Silene otites and Pulsatilla grandis) but ecological and
physiognomic differences are clear.

147



148

r : -
I | %P
~
5 Y
-
f
J W 1
A == rd
C
) 4 A i
JEEEENE RHHAHT :
A > X
\T- ™ n
=
5
Y =T -
v [ ook 0k Lok e
Fig. 1: Location of relevés belonging to the cluster A.
Abb. 1: Lage der cinzelnen Aufnahmeflichen des Clusters A.
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Fig. 2: Location of relevés belonging to the cluster B.
Abb. 2: Lage der cinzelnen Aufnahmeflichen des Clusters B.
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Fig. 3: Location of relevés belonging to the cluster C.

Abb. 3: Lage der cinzelnen Aufnahmeflichen des Clusters C.
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Fig. 4: Location of relevés belonging to the cluster D,
Abb. 4: Lage der cinzelnen Aufnahmeflichen des Clusters D.
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Fig. 5 Location of relevés belonging to the cluster E.
Abb. 5: Lage der einzelnen Aufnahmeflichen des Clusters E.
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Fig, 6: Location of relevés belonging to the cluster F.
Abb. 6: Lage der cinzelnen Aufnahmeflichen des Clusters F.
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4. Discussion and conclusions

The of traditional deductive classifi methods with the numerical
approach hug,h]ngh(s several important considerations. We shall first of all consider the impli-
cations of this comparison for communities traditionally classified within the order Festuc-
etalia valesiacae, and then examine the consequences of our analysis for the order Brometalia
erecti.

First, the syntaxonomy of clusters A and B (Carex humilis-rich group and Festuca pal-
lens-rich group) is difficult. Both of them include many differential species of Seslerio-Festi-
cion pallentis as well as Festucion valesiacae. The majority of relevés included in cluster A
were classified by their original authors as belonging to the alliance Seslerio-Festucion pallen-
tis Klika 1931 corr. Zolyomi 1966, while a smaller number were placed within the Festucion
valesiacae Klika 1931. The ecology and distribution of the relevés analysed suggests that the
relationship to Seslerio-Festucion pallentis is stronger. The analysis shows there is more likely
no need to classify Carex humilis-domi plant ities within two separate
allranccs C]ustcr B |ncludcs, but is not lnmned to, relevés of circumpannonian ther-
bedrock, occurring at the foothills of the Western
Cal‘pzlhmns (the ‘Praccarpancum) In Austria and Hungary, this vegetation is classified
within the alliance Bromo pannonici-Festucion pallentis Zélyomi 1966 (MUCINA & KOLBEK
1993, BORHIDI & SANTA 1999). We suspect that this vegetation type, which is certainly pre-
sent in southern Slovakia, would be differentiated in a separate cluster if we were to include
data from Austria and Hungary in the analysis. Without these data, the results of the analysis
show that the dominance of Festuca pallens is a more important factor for the differentiation
of the cluster than the presence or absence of any circumpannonian thermophilous species.
For the purpose of the present study, we suggest assigning the vegetation of clusters A and B
to a relatively broadly defined alliance Seslerio- Festuaon pallentis (see Fig. 7). The content of
this name has admmedly changed in the hlsmry of pl logy and it is often id
(e.g., by MUCINA & KOLBEK 1993) to be a ‘nomen amblguum' according to article 36 of the
Code of Phytosociological Nomenclature (WEBER et al. 2000). To be able to solve the
nomenclatural problems, it is necessary to analyse a larger data set using data from other
central European countries.

Our second observation on the syntaxonomy of dry grasslands pertains to the alliance
Asplenio septentrionalis-Festucion pallentis. The original concept of Asplenio septentrionalis-
Festucion pallentis included not only stands on vulcanite bedrock but also on serpentine
(Asplenio-Festucion glancae Scrpcn:mgruppc, of. ZOIY()M[ |936) Thls may be the reason
why KLIKA (1955) described the icae Klika 1955,
although he classified it within Seslerio- fasmnun duriusculae Klika 1931 (syn.: Seslerio-Fes-
tucion pallentis; see Fig. 7). MICHALKO (1957) accepted the suballiance, but on the basis of
species composition and occurrence on relatively deeper soils, considered it part of the Fes-
tucion valesiacae. KLIMENT et al. (2000) classified an association dominated by Fe:tu[a psen-
dodalmatica on vulcanite bedrock (Potentillo
Mijovsky 1955) within the alliance Festucion valesiacae for the same reasons, in agreement
with MAJOVSKY (1955), SOO (1959, 1964, 1973, 1980) and BORHIDI (1996). Our numerical
analysis shows that the xerophilous vegetation on Tertiary vulcanite bedrock is in fact more
closely related to the vegetation of the Festucion valesiacae (cluster D) than to any of the
clusters which we consider to be representatives of Seslerio-Festucion pallentis (clusters A, B;
see dendrogram in Table 1). At the same time, the vegetation on Tertiary vulcanite bedrock
comes out well differentiated from the other clusters. We thus consider it to be reasonable to
ucogm/e Asplenio nptcnmunah:»qua(m pallentis as its own alliance (instead of as a sub-
alliance, Fe Imaticae). Asplenio sep ionalis-Festucion pallentis /o]yumx
1936 corr. 1966 (incl. le:lucemon psz‘udodalman(at‘ Kl)ka 1955) can thus be considered a vic-
ariant alliance to Alysso saxatilis-Festucion pallentis Moravee in Holub et al. 1967, which
occurs in the western part of central Europe (Czech Republic, Austria; MuciNa & KOLBEK
1993).
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Fig. 7: Syntaxonomical scheme of higher vegetation units of the class Festuco-Brometea in Slovakia.
Atzows indicate dynamic or syngenetic relationships between individual syntaxa. Thick lines separate

the class Festuco-By (FB) from Elyno-Sesle (ES) and Molinio-Arrhenath (MAY; the
dashed chick lne separates the order Brometalia erct (Be) from Festucetalia valesiacae (Fo). The his
ner dashed line indicates the amphibol ion of the alliance Cirsio-B Jion pinnati into
differen orders. The dotted elpse sands for the aliance Seseio-Festucion pallntis that parilly cor-
responds with alliances Bromo-Festucion pallentis and Dianthy ion albicantis (dashed ellipses).
Abb. 7: Syntaxonomisches Schema der hoheren fonseinheiten der Festuco-B in der
Slovakei.

The classification of Cirsio-Brachypodion pinnati within the higher vegetation units is
likewise ambiguous (CHYTRY et al. 2006; see Fig. 7). It is classified within the order Bromet-
alia erecti by some authors (MUCINA & KOLBEK 1993; HOLUB et al., 1967). Other authors
(MuCINA & MAGLOCKY 1985, KLIKA 1955) have considered it to be a part of the order Fes-
tucetalia valesiacae. According to the numerical analysis, the closest relevé group to Cirsio-
Brachypodion pinnati is that of the Festucion valesiacae (see dendrogram in Table 1). The
numerical classification would thus tend to support its assignment to the order Festucetalia
valesiacae.

Our attempt to differentiate the two orders of the class Festico-Brometea (Festucetalia
valesiacae Br.-Bl. et R. Tx. 1943 and Brometalia erecti Br.-Bl. 1936) conventionally distin-
guished in Slovak phytosociological lueramre (MU(‘INA & MAGLOCKY 1985) was not suc-

cessful. In general, plant d to belong to the conuncn(al
to i I-sub-Medi order Fe lia val are well developed in Slova-
kia. Based on the cluster analys:s, we dnffercntmted fxve alliances of this order: Seslerio-Festu-
cion pallenm, Diantho I , Festucion

JF
dion pinnati and Asplenio 3eptentrmrmhs Fe:maon pallcmz: (incl. Festucenion pseudodalmat-
icae). Each alliance is well L,haractcl'l‘ed by diagnostic speclcs (Table 1).

In contrast to the Fe relevés of B lia erecti and Bromion erecti
Koch 1926 did not form a separate cluster but dispersed in the clusters D and E (22 relevés
classified within these units according to their original authors, e.g. KLIMENT et al. 2000:
Tab. 3, rel. 22, 23; KRIPPELOVA 1967: Tab. 10, rel. 1-8; KLIKA 1929: p. 42, rel. 1; MAJOVSKY
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1958: p. 370, rel. 1; JURKO 1971; see Appendix 1). The sub-Atlantic vegetation of the order
Brometalia erecti is present in Slovakia only in fragments because of its decreasing abun-
dance in the sub-continental parts of central Europe. Some authors have not distinguished
the alliance Cirsio-Brachypodion pinnati from the Bromion erecti (CHYTRY & TicHY 2003)
or have substituted them. We do not think the vegetation units Cirsio-Brachypodion pinnati
and Bromion erecti can be substituted or combined, as the two vegetation types exhibit clear
discrepancies in their floristic composition in central and western Europe (e.g., Switzerland;
cof. KocH 1926). The definitive classification of these vegetation types in Slovakia within
orders and alliances (Cirsio-Brachypodion pinnati, Bromion erecti, Festucetalia valesiacae,
Brometalia erecti) should be solved by ana]ysxs and campanson of a well selected and repre-
sentative data set (using stratified of p! \ cf. KNOLLOVA
et al. 2005) including relevés of A(lannc, sub-. At]annc, sub-. Medltcrrancan, sub-continental
and continental xerophilous vegetation types (MICHALKOVA et al., in prep.).

The cluster analysis also did not differentiate the alliance Koelerio-Phlcion Pphleoidis Kor-
neck 1974. This dry grassland vegetation type occurs on silicate substrates poor in minerals
in only a small area of Slovakia (Malé Karpaty Mountains). Accordingly only a small num-
ber of relevés (25) was available, which might be the main reason for the alliance not being
differentiated. The relevés classified within Koelerio-Phleion phleoidis by the original
authors (CHYTRY et al. 1997; ZLINSKA 2000) occur in the cluster D (see Appendix 1). They
were not directly grouped together, but some relationship between them was indicated. For
the differentiation of the alliance Koelerio-Phleion phleoidis it would be necessary to analyse
a number of relevés comparable to the rest of the analysed data set, using also data from
neighbouring central European countries.

The diagnostic species of groups/alliances derived from this numerical classification are
relatively different from those published by CHYTRY & TicHY (2003). We identified five of
the same diagnostic species in the clusters A and B, which might be generally called Seslerio-
Festucion pallentis. These are Alyssum montanum, Festuca pallens, Jovibarba globifera subsp.
hirta, Poa badensis and Sedum album. We also identified six of the same diagnostic species of
the alliance Festucion valesiacae (Adonis vernalis, Botriochloa ischaemum, Festuca rupicola, F.
valesiaca, Koeleria macrantha and Phleum phleoides). The rest of the vegetation units do not
occur in the Czech Republic or if they do, they are classified following a different concept.
The difference in the diagnostic species is most likely a result of the large differences in
bedrock geology and evolution of plant communities in Slovakia and the Czech Republic.
The Carpa[hian Mountains almgcrhcr with the contact area of the prae- Carpathian and Pan-
nonian regions cover the majority cf S]ovakla They combine to create highly unique flora,
which is reflected in the phy of
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Appendix 1: Sources of relevés
Cluster A:

24 — Banacki 1982 (Master thesis, mser.): Tab. 3, rel. 1-17, 19-25, Slovensky kras Karst, Drieiovec; 1
— Domin 1932 (Rozpr. IL. Tr. Cs. Akad.): Tab. 1, rel. 6, Malé Karpaty Mtns., Cachtické kopce Hills; 3 —
Elids 1988 (Rosalia): Tab. 1, rel. 1-3, Tribe¢ Mtns.; 1 - Fajmonova 1995 (Naturae Tutela): Tab. 1, rel. 4,
Strizovské vrchy Mins; 4 — Fajmonovi ined.: Strizovské vrchy Mtns; 30 — Futik 1947 (Sp. Sv.
Vojtecha): Tab. 1, rel. 1-5, 7-30, p. 87, rel.10, Strizovské vrchy Mtns., Kiiazi stol Mt; 15 - Futik 1960
(PhD. thesis, mscr.): Tab. 1, rel. 1, 2, 4, 5, 8-15, p. 79, rel. 7, p. 106, rel.1, 2, Strizovské vrchy Mins; 7 —
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rel. 1-8, Tab. 2, rel. 1-10, p. 92, rel. 1, Strdzovské vrchy Mins.; 1 — Jarolimek ined.: Malé Karpaty Mtns;
1-Jurko 1951 (SAVU): p. 28, rel. 2, Cierna hora Mtns.; 11 - Klika 1928 (Sb. Prif. Spol. v M. Ostrave):
Tab. 1, rel. 2-6, Tab.3, rel. 14-22, Strazovské vrchy Muns., Stl'ovské vrehy Hills; 2 ~ Klika 1931 (Beih.
Bot. CentralbL.): p. 369, rel. 25, 26 (Malé Karpaty Mtns.), p. 370, rel. 29 (Povazsky Inovec Mins.); 2 ~
Klika 1936 (Sb. Cs. Akad. Zeméd.): p. 334, rel. 1, 2, Malé Karpaty Muns., Cachtické kopee Hills; 9 -
Kochjarovi 1998 (PhD. thesis, mscr.): Tab. 1, rel. 6-8, 11, 12, Tab. 5, rel. 5-7, p. 77, rel. 5, Strizovské
vrchy Mtns.; 33 — Maglocky 1979 (Biol. Pr.): Tab. 25, rel. 1,4, 5, 7-9, 14 (Malé Karpaty Mtns.), Tab. 23,
rel. 1-3, Tab. 25, rel. 2, 3, 6, 10, 12, 13, 15-18, 22-25 (Povazsky Inovec Mtns.), Tab. 25, rel. 11, 19, 25-30
(Strdzovské vichy Mins.); 7 — Michdlkovd 2003 (Master thesis, mser.): Tab. 10, rel.17-19, 21-2
Strizovské vrchy Mins; 1 ~ Mucina ined.: Chotské vrchy Mins; 9 - Valachovic 1981 (Master th
mscr.): Tab. 5, rel. 1-8, 13, Slovensky kras Karst; 16 - Valachovi ined.: Malé Karpaty Mtns. (8), Murdns-
ka planina Mtns. (2), Pieniny Mtns. (2), Strizovské vrchy Mins. (2), Vel'kd Fatra Muns. (1), Zipadné
Tatry Mens. (1); 9 — Zlatnik 1928 (Rozpr. Krdl. Ces. Spolec. Nauk, cl. math.-natur.): Tab. 5, rel. 45-53,
Malé Karpaty Menss

Cluster D:

10 - Bali ined.: Horehronské podolie; 1 — Bernitové & Skovirovd 1993 (Biologia): p. 401, rel. 1,
Turciansk4 kotlina Basin; 1 — Bosickovi et al.1974 (In: Stollmann A., ed., Osveta): Tab. 7, rel. 15,
Strizovské vrchy Mrns., Sil'ovské vrchy Hills; 2~ Domin 1932 (Rozpr. I1. Tr. Cs. Akad.): p. 9, rel. 1,2,
Malé Karpaty Mtns., Cachtické kopee Flills; 1 — Eligs et al. 2002 (Rosalia): p. 32, rel. 1, Strizovské vrchy
Muns.; 1 - Frafio 1971 (Acta Fac. Rer. Natur., Univ. Comen.): p. 27, rel. 11, V§chodoslovenskd rovina
Lowland; 5 - Futik 1947 (Sp. Sv. Vojtecha): Tab. 1, rel. 35, 36, p. 86, rel. 7, p. 88, rel. 13, p. 128, rel. 3,
Strizovské vrchy Mtns., Knazi stol Mt; 1 — Futdk 1960 (PhD. thesis, mscr.): rel. 13, Strdzovské vrchy
Mtns,; 9 — Haberovd et al. 1985 (Final report, mscr.): Tab. 3, rel. 16-24, Slovensky kras Karst; 11 —
Chytry et al. 1997 (Dissert. Bot,, J.Cramer Verl.): Tab. 6, rel. 56 (Borski nizina Lowland), Tab. 6, rel. 1-
8, 10-12 (Malé Karpaty Mtns.); 2 - Chytrf ined.: Biele Karpaty Mans. (1), Povazsk§ Inovec Mans. (1); 3 —
Jarolimek ined.: Borski nizina Lowland (1), Malé Karpaty Mtns. (2); 1 - Jarolimek & Kliment 2000 (In:
Kliment ., ed., SOP SR): Tab. 4, rel. 1, Reviicka vrchovina Hills, Driencansky kras Karst; 4 - Jurko 1951
(SAV): p. 29, rel. 1-3, Tab. 1, rel. 6, Gierna hora Mtns:; 2 — Jurko 1958 (Acta Fac. Rer. Natur. Univ.
Comen.): p. 317, rel. 2 (Cerovd vrchovina Hills), p. 318, rel. 1 (Rimavsk kotlina Basin); 11 - Klika 1930
(Prif. Spol. v M. Ostraveé): p. 54, rel. 2, p. 59, rel. 1, p. 60, rel. 1, Tab. 1, rel. 1, Tab. 2, rel. 7-13, Strazovské
vrchy Muns., Sil'ovské vrchy Hills; 21 - Klika 1929 (Preslia): p. 42, rel.1, p. 45, rel. 9-18, p. 48, rel. 19-
28, Turcianska kotlina Basin; 5 - Klika 1931 (Beih. Bot. Centralbl): p. 378, rel. 36, 38, p. 384, rel. 48-50
(Tribez Mns., Zobor Hills), Tab. 5, rel. 38 (Malé Karpaty Mns.); 5 - Klika 1937 (Beih. Bot. Cenuralbl.):
Tab. 1, rel. 2, 9, Tab. 2, rel. 1-3, Malé Karpaty Mtns., Brezovské kopce Hills; 12 - Klika 1938 (Beih. Bot.
Centralbl.): Tab. 2, rel. 1-12, Burda Hills; 1 — Kliment 1998 (Bull. Slov. Bot. Spolocn.): p. 153, rel. 1,
Reviicka vrchovina Hills, Driencansky kras Karst; 11 — Kliment & Berndtov4 2000 (Kmetianum): Tab. 1,
rel. 1-11, Turcianska kotlina Basin; 32 — Kliment et al. 2000 (SOP SR): Tab. 3, rel. 2-23, Tab. 4, rel. 1-10,
Reviicka vrchovina Hills, Driencansky kras Karst; 7 - Krippel 1954 (Biologia): p. 253, rel. 1, 2 (Poduna-
jski rovina Lowland), p. 257, rel. 1-5 (Vychodoslovenska rovina Lowland); 30 — Krippelovi 1967 (Biol.
Pr): Tab. 8, rel. 1-21, Tab. 10, rel. 1-8, p. 40, rel. 1, Podunajskd rovina Lowland; 38 — Maglocky 1979
(Biol. Pr.): Tab. 26, rel. 11, 12, 16,17, Tab. 27, rel. 1-34, Povazsky Inovec Mtns.; 1 — Maglocky 1982 (Acta
Bot. Slov. ser. A): p. 166, rel. 1, Zemplinske vrchy Hills; 17 — Maglocky ined.: Burda Hills (2), Cierna
hora Muns, (1), Hronskd pahorkatina Hills (3), Malé Karpaty Mars. (4), Podunajskd rovina Lowland (3),
Strizovské vrchy Mns. (1), Tribec Mns., Zobor Hills (2), Vichodoslovenskd rovina Lowland (2); 2
Mijovsky 1958 (Acta Fac. Rer. Natur. Univ. Comen.): p. 370, rel. 1, 2, Podunajsk rovina Lowland; 4 —
Mijovsky & Jurko 1958 (Acta Fac. Rer. Natur. Univ. Comen.): p. 300, rel. 1, 2 (Kremnické vrchy Mrns.),
p. 298, rel. 1 (Stiavnické vrchy Mens.), p. 306, rel. 1 (Veporské vrchy Mins.); 18 ~ Miadok 1987 (Acta
Fac. Rer. Nat. Univ. Comen.): Tab. 3, rel. 1-18, Slovensky kras Karst; 1 - Michalko 1957 (SAV): p. 49,
rel. 1, Vihorlatské vrchy Mtns; 1 — Michalko & Dzatko 1965 (Biol. Pr.): p. 80, rel.1, Nitrianska
pahorkatina Hills; 1 = Mriz ined.: Slovensky kras Karst, Zddielska dolina Valley; 2 — Mucina ine
Chotské vrchy Mins. (1), Nizke Tatry Mns. (1); 13 — Nehiusl & Neuhauslovi-Novotni 1964 (Biol.
Pr.): Tab. 7, rel. 68-80, Ipel'skd pahorkatina; 5 — Neuhauslovi-Novotnd 1968 (Biol. Pr.): Tab. 4, rel. 14
{Cerovi vrchovina Hills), Tab. 4, rel. 13, 15, 17 (Luceneckd kotlina Basin), Tab. 4, rel. 16 (Veporské
vrchy Mins.); 11 — Removéikovi 1981 (Master thesis, mscr.): Tzb. 4, Slovensky kras Karst; 1 - Ripka
ined.: Ipel'skd kotlina Basin; 1 - Skovirova 1993 (Bull. Slov. Bot. Spologn.): p. 59, rel. 1, Turcianskd
kotlina Basin; 3 - Uhlifovd & Bernitova 2002 (Zb. Slov. Nir. Miz. Prir. Vedy): p. 46, rel. 1-3, Turcians-
ka kotlina Basin; 33 — Valachovi¢ ined.: Biele Karpaty Mns. (3), Cerovi vrchovina Hills (5), Ipel’skd
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plinske vrchy Hills); 5 - Ripka ined.: Burda Hills (2), Pohoronsky Inovec Hills (3); 1 - SitdSovi 1999
(Natura Carpatica): p. 81, rel. 6, Slanské vrchy Mtns.; 2 - SitiSov 2000 (Natura Carpatica): p. 138, rel.
10, p. 139, rel. 11, Cierna hora Mtns.; 1 — Smarda 1961 (SAV): p. 45, rel. 1, Spissskd kotlina Basin; 10 —
Valachovi¢ ined.: Kremnické vrchy Mns. (1), Krupinskd planina Plateau (3), Mitra Hills (2),
Pohoronsky Inovec Hills (1), Stiavnické vrchy Mtns. (2), Visegridi-hegység Hills (1); 24 — Vozirovi
1990 (Zb. Slov. Nir. Mz Prir. Vedy): Tab. 1: Hronskd pahorkatina Hills (9), Ipel’skd pahorkatina Hills
(5), Stiavnické vrchy Mens. (10).
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