Phytocoenologia 36 (2) 247-279 Berlin—Stuttgart, June 14, 2006

Beech forest communities in Bulgaria

by Rossen TzoNEv, Marius DiMmrTrOV, Sofia, Milan CHYTRY, Brno,
Veska Roussakova, Dobromira Dimova, Chavdar Gusskv,

Dimitar Paviov, Vladimir VuLcHEV, Antonina VITKOVA, Sofia,

Georgi GOGOUSHEY, Petrich, Ivajlo NikorLov, Trojan, Daniela Borisova,
Vratza, and Anna GANEVA, Sofia

with 3 figures and 1 table

Abstract. Beech forests occupy considerable areas in the Bulgarian mountains. They are
represented by communities of Fagus sylvatica (incl. F. moesiaca) and F. orientalis, and
also by mixed stands of beech with Abies alba, Carpinus betulus, Quercus cerris, Q.
dalechampii and Q. polycarpa. 494 relevés sampled across the country were analysed by
numerical methods. They were classified into 12 groups of Fagus sylvatica forests and 3
groups of Fagus orientalis forests. The analysis of Bulgarian Fagus sylvatica communities
did not show a distinct pattern of geographic differentiation and did not support the
concept of the alliance Fagion moesiacum, as accepted by many earlier authors. The
differentiation patterns in the Bulgarian Fagus sylvatica forests mainly follow the gradi-
ents in soils and climate, and are similar to those in the Central European beech forests.
Therefore we accept a syntaxonomical scheme, which emphasizes variation due to edaphic
and local topoclimatic factors rather than due to large-scale geographical differentiation.
This scheme is very close to that proposed by WiLLNER (2002) for the southern Central
European beech forests, and includes the alliances Luzulo-Fagion (acidophilous beech
forests), Asperulo-Fagion (nutrient-rich beech forests), and Cephalanthero-Fag-
ion (thermophilous beech forests). The communities of Fagus orientalis are markedly
different from the communities of Fagus sylvatica, have a distinct floristic composition,
and belong to the Euxinian alliance Fagion orientalis.

Keywords: Fagion moesiacum, Fagion orientalis, Fagion sylvaticae, acidophi-
lous beech forests, nutrient-rich beech forests, thermophilous beech forests, numerical
methods, phytosociology, vegetation survey.

Introduction

Beech forests have a great importance in the vegetation cover of Europe,
but their diversity in the south-eastern part of the continent has not been
sufficiently investigated so far. Already Apamovi¢ (1907) noted that in the
territory of the former Roman provinces of Illyria and Moesia these forests
are remarkably rich in southern European, Balkanic, Carpatho-Dacian,
Pontic, and other southern species, which may reflect the specific history
of this vegetation and also some distinct features of the local climate. For

DOI: 10.1127/0340-269X/2006/0036-0247 0340-269X/06/0036-0247 $ 8.25
© 2006 Gebrider Borntraeger, D-14129 Berlin - D-70176 Stuttgart



248 R. Tzonev et al.

this reason, some authors distinguished regional alliances of Fagus sylvatica
forests in the comparatively well investigated northern and western parts
of the Balkan Peninsula. These included Fagion illyricum in the area
from the south-eastern Alps to Albania and Greece (Horvar 1938, So6
1964), and Fagion dacicum in the Carpathian Mts. of Romania (BorHIDI
1963, 1965, S06 1964). The less well-known beech forests in the central
and eastern part of the Balkan Peninsula have mainly been included in these
alliances later, but most authors considered these assignments as prelimi-
nary. HORvAT (1963) assigned the beech forests from Serbia and Macedonia
to Fagion illyricum, but pointed out their different floristic composition
and the smaller number of Illyrian elements than in the beech forests in
Slovenia and especially in Croatia. S06 (1963, 1964) assigned the beech
forests in south-eastern Serbia, Bulgaria and northern Greece to Fagion
dacicum, in spite of the fact that many of the diagnostic species of this
alliance are not present in these territories. He called them Moesian beech
forests (Moesische Fagion-Wilder) and treated them as a separate vegetation
type, with Fagus moesiaca as the differential species. The same author dis-
tinguished the alliance Fagion orientalis, which included the communi-
ties of Fagus orientalis. After the analysis of some new data and the exten-
sion of the study area, HORvAT et al. (1974) described the alliance Fagion
moesiacum, distributed in the area of a more continental climate in the
eastern Balkans. They assumed a negative floristic differentiation of this
alliance against Fagion illyricum and Fagion dacicum. They delimited
the geographical range of the Fagion moesiacum alliance according to
the tentative range of Fagus moesiaca, a taxon, which includes transitional
populations between Fagus sylvatica and F. orientalis. The forests of Fagus
orientalis were included in the alliance Fagion orientalis by HORvAT et
al. (1974), which was validated later by QuEzeL et al. (1992). So6 (1963)
supposed that Fagion orientalis occurs throughout the south-eastern
part of the Balkan Peninsula, Anatolian plateau and the Caucasus. After the
more precise investigations of the forests of Anatolian mountains, QUEZEL
et al. (1980, 1992) concluded that Fagion orientalis is restricted only to
the Balkan Peninsula, and includes forests that are poorer in Euxinian spe-
cies. For the typical oriental beech forests QUEZEL et al. (1980, 1992) cre-
ated a new order, Rhododendro-Fagetalia, while the forests on the
Balkan Peninsula they assigned to the order Fagetalia sylvaticae.
Several regional classifications of the south-eastern European beech for-
ests have been proposed in the past two decades. Inside the alliance Sym-
phyto-Fagion (the correct name of Fagion dacicum) several suballian-
ces were distinguished (Boscaru et al. 1982, CoLpea 1991, SaNDA et al.
1999), and this splitting process resulted in TAUBER’s (1987) proposal of
raising this alliance to the status of suborder Symphyto-Fagenalia.
TOROK et al. (1989) replaced the illegitimate name Fagion illyricum with
anew name, Aremonio-Fagion. They supposed that two of the analyzed
associations, described from Serbia, belong to Fagion moesiacum. MAR-
INCEK et al. (1992) made a nomenclatural revision of the associations within
Aremonio-Fagion. M1S1¢ (1997) accepted the name Fagion moesia-
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cae Bleti¢ et Lakusi¢ 1972 for beech forests of Serbia, distinguished several
suballiances at different altitudes, and created a new suborder, Fagenalia
moesiacae Misi¢ 1997.

Modern broad-scale analyses of floristic differentiation within the south-
ern Balkan beech forests were so far made only for the Former Yugoslav
Republic (FY.R.) of Macedonia (Dzwonko et al. 1999, Dzwonko & Lo-
STER 2000) and Greece (Dzwonko & LosTER 2000, BERGMEIER & Dimo-
pouLos 2001). DzwoNko & LosTER (2000) revealed a strong geographic
gradient in the floristic composition of beech forests from SE Serbia
through EY.R. of Macedonia to central Greece. They assigned the northern
communities (Serbia and EY.R. of Macedonia) to the suballiance Doron-
ico columnae-Fagenion moesiacae Dzwonko et al. 1999 and the cen-
tral Greek communities to the suballiance Doronico orientalis-Fagen-
ion moesiacae Raus 1980. BERGMEIER & Dimorouros (2001) found a
more complex pattern in Greek Fagus communities, which reflected both
ecological and geographical variation, but ecological factors were dominant.
They assigned most of the Fagus sylwztzca communities of warm and dry
habitats to the regional suballiances Geranio versicoloris-Fagenion
(Gentile 1969) Bergmeier et Dimopoulos 2001 of western-central Greece
and Doronico orientalis-Fagenion moesiacae Raus 1980 of eastern-
central Greece. They suggested that the former suballiance extended its
range from western-central Greece to southern Italy, as was also accepted
in the Map of Natural Vegetation of Europe (Boun & NeuHAUSL 2000—
2003, BERGMEIER et al. 2004, DierscHKE & BouHN 2004). Vegetation of
Fagus sylvatica in cooler areas of northern Greece or at higher altitudes
was classified to the suballiance Doronico columnae-Fagenion moe-
siacae by BERGMEIER & Dimorouros (2001), which included forests on
different soils ranging from acidic through mesotrophic to calcareous.

Forests dominated by the Fagus sylvatica and F. orientalis are widespread
in Bulgaria, occupying nearly 17 % of the total forested area of the country,
i.e. approximately 600 000 ha (GarELKOV & StipTsov 1995). Despite this
fact, their diversity has not been sufficiently described so far. The existing
studies have a local i importance and most of them have been made according
to the methodology of the Russian school of vegetation classification ac-
cording to dominant species (STEFANOV 1924, 1927, JorDANOV 1939a, b,
Ruskov 1942, VULEv 1955, SToYaNOV 1956, PENEV 1960, GANCHEV 1961,
GARELKOV 1967, KocHEV 1969, VELCHEV 1971, Roussakova 1973, PavLov
1978, BoNDEV & Lazarov 1995). Stoyanov (1941), BonpEev (1991), and
Paviov (1998) made attempts at a comprehensive phytosociological classi-
fication of the Bulgarian beech forests. Similar results were obtained in
the forest-typological classifications (Rapkov 1963, PeNEv et al. 1969,
GARELKOV & StIPTsOV 1995). The investigations following the Braun-Blan-
quet phytosociological method have only been made locally in recent years
(MicHALIK 1990, 1992, 1993, KurzyKskr 1993, Paviov & Dimrrrov 2003,
Divrtrov & Grogov 2003).

In spite of the absence of a hierarchical classification of the beech forests
for the whole of Bulgaria, some of the syntaxa published until now provide
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some information on the existing syntaxonomical and habitat diversity in
Bulgaria. Commonly, beech forests are divided into three main types: for-
ests with Fagus moesiaca (mainly distributed at altitudes below 1000 m),
forests with Fagus sylvatica (mostly at higher altitudes, extending to the
coniferous forests belt), and forests with Fagus orientalis (only occurring in
the eastern Stara Planina and Strandzha Mts.) (Stovanov 1941, BONDEV
1991, GARELKOV et al. 1995). Within the forests dominated by Fagus sylvat-
ica, mesic and hygro-mesic forests were distinguished on rich soils, and
xeric and meso-xeric forests on poor soils and rocky terrains. The beech
forests in the Stara Planina Mts. have been classified as mesophilous, ther-
mophilous, and acidophilous (MicrALIK 1990, KurzyNsk1 1993).

The beech forests in Bulgaria have been very strongly exploited in the
past. In recent decades, in accordance with the principles of sustainable use
and reforestation, they restored their distribution range and also the natural
structure and floristic composition. As a result of the political and socio-
economical changes of the recent years, however, the degree of their exploi-
tation for timber extraction has increased again.

The purpose of this study is to outline a phytosociological classification
of the Bulgarian beech forests, using the original vegetation-plot data (re-
levés) sampled recently across the country. This study will provide a scien-
tific background for habitat classification in the Bulgarian project of NAT-
URA 2000.

Materials and methods

Vegetation sampling was performed in 1999-2004 in all areas of Bulgaria,
where beech forest forms an important proportion of local land cover ac-
cording to the vegetation map of Bulgaria (BonNpEV 1991). In the selected
areas, relevé sites were selected subjectively in order to represent the maxi-
mum diversity of beech forest in the given region (Fig. 1). Plots of 200-
500 m? were usually located in places that appeared to be representative of
larger stands with homogeneous beech-forest vegetation. Besides pure
beech forests of Fagus sylvatica (incl. F. moesiaca) and F. orientalis, also
mixed stands with Abies alba, Carpinus betulus, Quercus cerris, Q. dale-
champii and Q. polycarpa were sampled, provided that beech covered more
than 60% of the plot area. In each plot, a list of all vascular plants and
bryophytes was made and each species was assigned a cover value according
to the nine-degree Braun-Blanquet scale (WESTHOFF & VAN DER MAAREL
1978).

The relevés were computerized using the Turboveg data base manage-
ment program (HENNEKENS & ScHAMINEE 2001) with an electronic species
list of Bulgarian vascular plants (according to KozruHAROV 1992) and bry-
ophytes (according to PETrROV 1975), which was prepared by Iva Arosto-
LovA in the Institute of Botany, Bulgarian Academy of Sciences in Sofia.
The soil types follow FAO classification (NINov 1998). Fagus moesiaca was
not distinguished during the sampling, because recent studies consider it to
be only a morphotype within F sylvatica (AXErOID in TUTIN et al. 1993,
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DEenk 1999, GOMORY et al. 1999). Cover values of Braun-Blanquet scale
were replaced by mid percentage cover values for each degree and square-
root transformed. Classification of the data set was performed with cluster
analysis in the program PC-ORD 4 (McCune & MEFFORD 1999), using
the relative Euclidean (chord) distance as a resemblance measure and the
beta-flexible algorithm with f = —0.25 for dendrogram construction. As
the classification sharply separated relevés with Fagus orientalis from those
with F. sylvatica, the data set was divided into two, according to the domi-
nant beech species, and each of the subsets was classified separately with
the same methods and options as given above. The clusters accepted in the
final classifications were selected subjectively from the resulting dendro-
gram so that they had a clear ecological and/or phytogeographical interpre-
tation, and the ecological range they covered roughly corresponded to
beech-forest associations or subassociations that are recognized in national
vegetation monographs or regional studies from central and south-eastern
Europe. Two clusters from the dendrogram were not interpreted because
of their strictly local meaning.

Relationships between clusters of the final classification were visualised
by ordination of a matrix of species by cluster centroids, in which square-
root transformed percentage frequencies were used as the input data. Prin-
cipal components analysis (PCA) on covariance matrix was run with the
CANOCO 4.5 package (TER BrRaak & SmiLauer 2002). This ordination
method, assuming a linear response of species to environment, was pre-
ferred to methods assuming a unimodal response, because of the relatively
low heterogeneity in the matrix of species by cluster centroids.

Diagnostic species of each of the accepted clusters were determined in
the JUICE 6.2 program (Ticuy 2002) on the presence/absence basis by
calculating the fidelity of each species to each cluster, using the phi coeffi-
cient of association (SOKAL & RoHLF 1995, CHYTRY et al. 2002b). In these
calculations, each cluster was compared with the rest of the relevés in the
data set, which were taken as a single undivided group. In this way, divi-
sions of relevés in the rest of the data set did not influence the fidelity of
species to the target cluster. As the unequal relevé numbers in individual
clusters would generally result in higher @ values yielded for larger clusters,
each cluster was virtually adjusted to the size of 10% of the entire data set,
while holding the percentage occurrence frequencies of the species within
and outside the target cluster the same as in the original data set. The
threshold @ value for a species to be considered as diagnostic was set to
0.30. As the virtual adjustment of the cluster sizes could result in high @
values, even for some rare species occurring in small clusters mainly by
chance, the statistical significance of concentration of each species in each
cluster was measured by Fisher’s exact test (CHYTRY et al. 2002b). Species
whose occurrence in a cluster was not significantly different from random
at P < 0.001, were removed from the groups of diagnostic species. When
diagnostic species were defined in this way, one species could be diagnostic
for more than one cluster. The results of the classification were summarised
in a synoptic table of percentage species frequencies (constancies) in which
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diagnostic species were ranked by decreasing fidelity, i.e. by a decreasing
@ value (CHYTRY et al. 2002b).

Constant species presented in the text are those with an occurrence fre-
quency exceeding 50 % for the given community. Dominant species were de-
fined as those attaining a cover higher than 50 % in more than 50 % of relevés.

The species composition of each cluster was compared with major vege-
tation studies of beech forests from the Balkan Peninsula (e.g. T('jRC')K et
al. 1989, Dzwonko et al. 1999, DzwoNko & LOSTER, 2000, BERGMEIER &
Dmvmorouros 2001, 2004), Central Europe (WiLLNER 2002, DIERSCHKE
1997, DierscHKE & BonN 2004) and Romanian Carpathians (CoLDEA
1991). On the basis of this comparison, a scheme of syntaxonomic classifi-
cation of the Bulgarian beech forests was proposed, which tries to reflect
local patterns of species composition, and at the same time to fit to the
classification schemes already established in other countries. The new
names of syntaxa were described according to the rules of International
Code of Phytosociological Nomenclature (WEBER et al. 2000).

Results

Classification and ordination

The dendrogram of cluster analysis was used to distinguish 15 plant com-
munities (Fig. 2), which are presented in the synoptic table (Table 1).

The ordination reflects the ecological and geographical continuum of the
studied plant communities (Fig.3). The order of communities (Fig. 3a)
along axis 1 reflects the geographically structured effects of ecological fac-
tors, which are changing both from the west to east and from the west
to north-east. Fagus orientalis communities of eastern Bulgaria (13, 14 —
Strandzha Mts. and 15 — eastern Stara Planina Mts.) are located in the right-
hand part of the scatter plot, Fagus sylvatica communities from the north-
eastern part of the country (3 — Shumensko Plateau) in the central part,
and Fagus sylvatica communities from southwestern, western and central
Bulgaria in the left-hand part. The order along axis 2 follows the gradients
of moisture and pH. In the ordination diagram of species (Fig. 3b) species
of coniferous forests and cool acidophilous beech forests (Luzulo-Fag-
ion) are on the left. From these follow, in a clockwise direction, the neu-
trophilous beech forest species (Asperulo-Fagion), thermophilous beech
forest species (Cephalanthero-Fagion) and finally the species of the
Euxinian beech forests of Fagion orientalis on the right.

Based on the results of the numerical analyses, we propose the following
syntaxonomic scheme of the Bulgarian beech forests:

Querco-Fagetea Br.-Bl. et Vlieger in Vlieger 1937
Fagetalia sylvaticae Pawlowski et al. 1928
Luzulo-Fagion sylvaticae Lohmeyer et Tiixen 1954
1. Luzulo luzuloidis-Fagetum sylvaticae Meusel 1937
2. Geranium macrorrhizum-Fagus sylvatica community
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-Fagion
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-Fagion
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Fig. 2. Dendrograms from two separate cluster analyses of Fagus sylvatica and F. orientalis
relevés. See Table 1 for the explanation of association/community numbers; clusters
marked by letter X were not interpreted because of their strictly local meaning.

Cephalanthero-Fagion sylvaticae Tiixen 1955
3. Tilio tomentosae-Fagetum sylvaticae ass. nova
4. Galio pseudaristati-Fagetum sylvaticae ass. nova
Asperulo-Fagion sylvaticae Tiixen 1955
5. Festuco drymejae-Fagetum sylvaticae Resmeritd 1977
(syn: Festuco drymejae-Fagetum carpaticum Morariu et al. 1968
nom. illeg.)
. Luzula sylvatica-Fagus sylvatica community
. Abies alba-Fagus sylvatica community
. Asperulo odoratae-Fagetum sylvaticae Sougnez et Thill 1959
9-10. Umbilico erecti- -Fagetum sylvaticae ass. nova
9. Umbilico erecti-Fagetum sylvaticae typicum subass. nova
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Fig. 3. PCA ordination of syntaxa (a) and species (b). See Table 1 for the explanation of
association/community numbers.
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Table 1. Synoptic table of the Bulgarian beech forests. Diagnostic species of individual
communities are shaded and ranked by decreasing fidelity; only species with @ > 0.30
are included among diagnostic species. Species with less than 3 % frequency are omitted.
A - Luzulo-Fagion, B — Cephalanthero-Fagion, C - Asperulo-Fagion, D — Fagion
orientalis. 1 — Luzulo luzuloidis-Fagetum sylvaticae, 2 — Geranium macrorrhizum-Fagus
sylvatica comm., 3 — Tilio tomentosae-Fagetum sylvaticae, 4 — Galio pseudaristati-Fage-
tum sylvaticae, 5 — Festuco drymejae-Fagetum sylvaticae, 6 — Luzula sylvatica—Fagus
sylvatica comm., 7 — Abies alba-Fagus sylvatica comm., 8 — Asperulo odoratae-Fagetum
sylvaticae, 9 — Umbilico erecti-Fagetum sylvaticae typicum, 10 — Umbilico erecti-Fage-
tum sylvaticae laurocerasetosum officinalis, 11 — Aremonio agrimonoidis-Fagetum sylv-
aticae violetosum reichenbachianae, 12 — Aremonio agrimonoidis-Fagetum sylvaticae alli-
etosum ursini, 13 — Rhododendro pontici-Fagetum orientalis, 14 — Cyclamini coum-
Fagetum orientalis, 15 — Primulo rubrae-Fagetum orientalis.

[a 8B ] C [ D
Group no. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
No. of relevés 60 20 37 46 23 20 25 11229 7 42 18 25 15 9

No. of species with less than 3% occurrence 98 80 86 129 104 84 121 154127 79 118 76 45 53 81

Luzulo luzuloidis-Fagetum sylvaticae

Luzula luzuloides 100 5 . 24 30 40 48 33 21 . 29 17 4 . 33
Geranium macrorrhizum-Fagus sylvatica community

Geranium macrorrhizum 79 . . . 25 . 9 1014 5 . . . .
Isothecium alopecuroides 265 35 4 132012 6 3 14 5 6 . . 11
Oxalis acetosella 2060 . . 9 5 8 21 24 43 14 17 . . .
Plagiomnium affine .05 0. 13 02 012 011
Vaccinium myrtillus 38 . . 4 10122 1 . . . .

Lerchenfeldia flexuosa 54 . 2 2230 4 2 3 14 . 6 . . .
Homalothecium lutescens .03 3 . . . 4 1 3 . . 6 . . 1
Festuca gigantea .30 3 7 .. 4 .10

Polytrichum formosum 302 . . . 5 1 14

Tilio tomentosae-Fagetum sylvaticae

Acer campestre 2 .76 43 9 . 4 4 3 . 2111 . . 22
Glechoma hederacea 2 2073 . 4 . . 6 3 43

Bromus ramosus Lo 5T
Tamus communis . .57 35 . . . o4 0 14 0 407 22
Cornus mas .5 5424 . 5 8 1 17 5 11
Crataegus monogyna 3 . 51 46 4 . 8 2 7 14 48 11 . . 33
Lathyrus laxiflorus 2 . 426 9 5 201 . . S5 . 4 7 .
Ruscus aculeatus P e L O |
Tilia tomentosa .oo.032 4 0 0 01 .7

Muscari botryoides .. 032 7 13 . 16 5 . 43 . . . . .
Polygonatum odoratum .. 32 119 . 241 10 . 12 . . . 11
Polygonatum latifolium .o.030 2 . . 8 1 FE
Milium effusum 2 .27 9 4 . . 3 w . . .11
Dactylorhiza cordigera .. 24 2 17 . 8 . .

Rosa canina 2 .24 11 . 5 12 . 7

Glechoma hirsuta .5.19 9 . . .

Arctium lappa .. 14 0 0 . 4

Piptatherum virescens A |

Galio pseudaristati-Fagetum sylvaticae

Quercus cerris L2228 00 0 00012 0 0T 1
Festuco drymejae-Fagetum sylvaticae

Prenanthes purpurea 35 20 . 1365 50 28 15 45 43 21 22

Luzula sylvatica-Fagus sylvatica community

Polypodium vulgare 220 . 4 .5 4 5 1714 . . 4 . 11
Hieracium sabaudum gr. 35 . 4 4 352 7 10 43

Amblystegium serpens ... . 4 15
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Table 1. (cont.)
Group no. 1 2 3 4 5

Abies alba-Fagus sylvatica community
Abies alba ssp. alba

Picea abies

Pinus sylvestris

Moehringia pendula

Castanea sativa

[\SIN NSREN o)

Umbilico erecti-Fagetum sylvaticae typicum

Mercurialis perennis 5 57 26 9
Circaea lutetiana .. 14 4 9
Carex remota .10 029
Umbilicus erectus .5

Lunaria rediviva
Petasites albus .
Cardamine pectinata 3 5
Senecio vulgaris

Phyllitis scolopendrium

Chrysosplenium alternifolium

Hypericum umbellatum

[

Umbilico erecti-Fagetum sylvaticae laurocerasetosum officinalis

Euonymus latifolius ... 41T
Daphne mezereun .. .2 4
Taxus baccata 2 . . 2 4

Aremonio agrimonoidis-Fagetum violetosum reichenbachianae

Aremonia agrimonoides 15 10 24 26 30
Lamiastrum galeobdolon .25 . 41 43
Viola reichenbachiana 2 10 . 37 17
Rosa arvensis A

Aremonio agrimonoidis-Fagetum allietosum ursini

Allium ursinum L2
Symphytum tuberosum 5 5 . 13 4
Geranium robertianum 5 2527 4 13
Arum maculatum .. 38 11 4
Impatiens noli-tangere 0w 5 . . .
Geum urbanum 2 . 49 28 13
Corydalis bulbosa L
Rubus idaeus 5 . 5 2
Veratrum lobelianum .
Scrophularia scopolii L. 2

Rhododendro pontici-Fagetum orientalis
Rhododendron ponticum
llex colchica

Cyclamini coum-Fagetum orientalis
Cyclamen coum .. 3

Primulo rubri-Fagetum orientalis
Tilia platyphyllos . 22

~
w

20
5

Acer pseudoplatanus 7 5 22 2 9 15 16

Lathyrus hirsutus

Dactylis glomerata ssp. lobata . .
Lapsana communis .5 .. 4
Campanula persicifolia 2

Acer hyrcanum .5
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Table 1. (cont.)
Group no.

Lathyrus aureus
Doronicum orientale
Dicranella heteromalla
Smyrnium perfoliatum

Species diagnostic for more than one community

Rubus hirtus

Luzula sylvatica

Viola riviniana

Hedera helix

Ruscus hypoglossum
Carpinus betulus

Tilia cordata
Helleborus odorus
Festuca drymeja

Salvia glutinosa
Laurocerasus officinalis
Trachystemon orientalis
Hypnum cupressiforme
Quercus polycarpa
Quercus frainetto
Daphne pontica

Primula acaulis ssp. rubra

Fagus orientalis

Other species with high frequency

Fagus sylvatica
Dryopteris filix-mas
Melica uniflora
Sanicula europaea
Mycelis muralis
Galium odoratum
Euphorbia amygdaloides
Cardamine bulbifera
Poa nemoralis
Epilobium montanum
Fragaria vesca
Hieracium murorum gr.
Corylus avellana
Galium pseudaristatum
Viola odorata

Galium aparine
Cephalanthera rubra
Pteridium aquilinum
Athyrium filix-femina
Potentilla micrantha
Fraxinus ornus

Acer platanoides
Festuca heterophylla
Dicranum scoparium
Veronica officinalis
Veronica chamaedrys
Brachythecium velutinum
Sorbus aucuparia
Cruciata glabra
Stachys sylvatica
Moehringia trinervia
Lathyrus vernus
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Table 1. (cont.)
Group no.

Aegopodium podagraria
Myrrhoides nodosa
Sorbus torminalis
Pulmonaria rubra
Veronica montana

Ajuga reptans

Senecio nemorensis
Lilium martagon

Dactylis glomerata ssp. glomerata
Populus tremula

Quercus dalechampii
Lathyrus niger
Polystichum setiferum
Brachypodium sylvaticum
Pulmonaria officinalis
Polygonatum verticillatum
Prunus avium

Sambucus nigra

Alliaria petiolata

Rubus rivularis

Myosotis sylvatica
Asplenium trichomanes
Neottia nidus-avis

Carex sylvatica
Hordelymus europaeus
Doronicum columnae
Calamagrostis arundinacea
Galeopsis speciosa

Urtica dioica

Saxifraga rotundifolia
Cystopteris fragilis
Primula veris

Anthriscus sylvestris
Physospermum cornubiense
Cephalanthera longifolia
Clematis vitalba

Orchis pallens

Orthilia secunda
Euonymus verrucosus
Lathyrus venetus
Isopyrum thalictroides
Galium rotundifolium
Hepatica nobilis

Actaea spicata

Carpinus orientalis
Campanula rapunculoides
Cephalanthera damasonium
Ostrya carpinifolia
Asarum europaeum

Luzula forsteri

Salix caprea

Erythronium dens-canis
Bromus benekenii
Campanula rotundifolia
Anemone ranunculoides
Lamium garganicum ssp. garganicum
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10. Umbilico erecti-Fagetum sylvaticae laurocerasetosum officinalis
subass. nova

11-12. Aremonio agrimonoidis-Fagetum sylvaticae Boscaiu in Res-

meritd 1972

11. Aremonio agrimonoidis-Fagetum sylvaticae violetosum reichen-
bachianae subass. nova

12. Aremonio agrimonoidis-Fagetum sylvaticae allietosum ursini
subass. nova

Fagion orientalis Quézel et al. 1992

13. Rhododendro pontici-Fagetum orientalis Stefanov ex Tzonev et
al. ass. nova

14. Cyclamini coum-Fagetum orientalis ass. nova

15. Primulo rubrae-Fagetum orientalis ass. nova

The type relevés of the new associations are presented in Appendix I. The
full relevé tables (electronic appendix) can be found on the internet web
site www.natura2000bg.org/natura/eng/docs_disc.php

1. Luzulo luzuloidis-Fagetum sylvaticae

Diagnostic species: Luzula luzuloides

Constant species: Fagus sylvatica, Mycelis muralis, Luzula luzuloides and
Poa nemoralis

Dominant species: Fagus sylvatica and Luzula luzuloides

Distribution: Stara Planina Mts., Sredna Gora Mts., Ossogovska Mts.,
Western Rhodopi Mts., Vrachanska Planina Mts., Vassilyovska Mts. and
Belassitsa Mts.

This is the largest group of acidophilous beech forests, which are wide-
spread across the country. They occur at altitudes mostly between 1200-
1400 m and occupy gentle slopes of different aspects. The relevés were
mainly made on acidic soils, such as dystric cambisols (CMd), umbric lep-
tosols (LPu), and some of them also on eutric cambisols (CMe) such as in
the calcareous area of the Vrachanska Planina Mts. Their low species rich-
ness and specific habitats make them very close to the Central European
acidophilous beech forests; therefore we suggest including them in the alli-
ance Luzulo-Fagion and the association Luzulo-Fagetum, which
were originally described from Central Europe. There is a small regional
variability, but it is not sufficient to distinguish subassociations.

Several authors (ZOLLER et al. 1977, MicHALIK 1990, Dzwonko & Lo-
STER 2000) supposed an occurrence of a syntaxon in the Balkans that is
closely related to the central European acidophilous beech forests of the
Luzulo-Fagion. There is the acidophilous association Orthilio secun-
dae-Fagetum sylvaticae (Barbero et Quézel 1976) Bergmeier 1990, de-
scribed by BErRGMEIER & Dimororous (2001) from Greece, but it is the
southernmost variant of the acidophilous beech forests and has some spe-
cific features, which are not found in the Luzulo-Fagion type forests in
Bulgaria.
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2. Geranium macrorrhizum-Fagus sylvatica community

Diagnostic species: Festuca gigantea, Geranium macrorrhizum, Homalothe-
cium lutescens, Isothecium alopecuroides, Lerchenfeldia (= Avenella) flexu-
osa, Luzula sylvatica, Oxalis acetosella, Plagiomnium affine, Polytrichum
formosum, Rubus hirtus and Vaccinium myrtillus

Constant species: Dryopteris filix-mas, Fagus sylvatica, Galium odoratum,
Geranium macrorrhizum, Isothecium alopecurozdes, Luzula sylvatica, Ox.
alis acetosella, Plagiomnium affine, Rubus hirtus and Vaccinium myrtillus
Dominant species: Fagus sylvatica, Geranium macrorrhizum, Luzula syl-
vatica and Rubus hirtus

Distribution: Ossogovska Mts., Vassilyovska Mts., Eastern Rhodopi Mts.,
Northern Pirin Mts., Belassitsa Mts., Rui Mts and Rila Mts.

This group includes beech forests on rock outcrops and screes. They are
distributed at altitudes of 1100—1600 m on slopes of different, but mostly
eastern, aspects. The herb layer is patchily distributed among stones, where
some soil, mainly dystric cambisol (CMd), is developed. A typical species
is Geranium macrorrhizum, which has a wide geographical distribution in
south-eastern Europe. This community is divided into two groups — a
group rich in bryophytes (in places with well-developed screes) and a group
with a predominance of Geranium macrorrbizum. The former is restricted
only to the Ossogovska and Vassilyovska Mts., while the latter is more
common. A high frequency of some species typical of Asperulo-Fag-
ion such as Galium odoratum, Geranium robertianum and Lamiastrum
galeobdolon indicates the transitional character of this community between
the alliances Luzulo-Fagion and Asperulo-Fagion.

BereMEIER & Dimorouros (2001) described a Geranium macrorrhi-
zum-Fagus sylvatica community from crystalline limestone at high altitudes
in Greece. By contrast, the Bulgarian community occurs mostly on acidic
rocks (granite, gneiss) at comparatively low altitudes. However, 1t is impos-
sible to compare the Bulgarian and Greek communities in more detail be-
cause BERGMEIER & Dimororous (2001) did not analyse the moss layer,
which is an important feature of the Bulgarian community.

3. Tilio tomentosae-Fagetum sylvaticae

Diagnostic species: Acer campestre, Arctium lappa, Bromus ramosus, Carpi-
nus betulus, Cornus mas, Dactylorbiza cordigera, Glechoma hederacea,
Hedera helix, Lathyrus laxiflorus, Melissa officinalis, Mercurialis perennis,
Milium effusum, Muscari botryoides, Piptatherum virescens, Polygonatum
latifolium, P. odoratum, Ruscus aculeatus, R. hypoglossum, Tamus commu-
nis, Tilia cordam, T. tomentosa and Viola riviniana

Constant species: Acer campestre, Bromus ramosus, Carpinus betulus, Cor-
nus mas, Crataegus monogyna, Fagus sylvatica, Glechoma hederacea, Hed-
era belzx, Mercurialis perennis, Mycelis muralis, Viola riviniana and Tamus
communis

Dominant species: Fagus sylvatica and Rubus hirtus

Distribution: Shumensko Plateau and Dragoevska Mts.
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This association is only found in north-eastern Bulgaria near the towns
of Shumen and Preslav. Beech forests occur patchily there, in a landscape
dominated by forests and bushes of deciduous Quercus species, Carpinus
orientalis and Tilia tomentosa, at altitudes of 150—500 m. They occur on
north-facing slopes or in small wet valleys. The soil type is luvic phaeozem
(PHI) or rendzic leptosol (LPk). The foothill region of north-eastern Bul-
garia has preserved many relicts and endemics, including the last remnants
of natural communities of Aesculus hippocastanum and Cercis siliqguastrum
in the eastern part of the Balkan Peninsula, which occur in the region of
Shumen. It determines the high specificity of the local beech forests. They
belong to the thermophilous group, are similar in their species composition
to the Doronico orientalis-Fagenion and Ostryo-Fagenion subal-
liances, but their affinity to the Cephalanthero-Fagion alliance is obvi-
ous. They are closely related to the next association.

4. Galio pseudaristati-Fagetum sylvaticae

Diagnostic species: Helleborus odorus, Quercus cerris and Tilia cordata
Constant species: Cardamine bulbifera, Carpinus betulus, Euphorbia
amygdaloides, Fagus sylvatica, Mycelis muralis, Sanicula enropaea and Viola
odorata

Dominant species: Fagus sylvatica

Distribution: Stara Planina Mts., Vitosha Mts., Golo Burdo Mts., Lyulin
Mts., Rui Mts., Dragoevska Mts., Mikrenski Hills, Lozenska Mts., Sredna
Gora Mts., Eastern Rhodopi Mts. and Momino Plateau.

This thermophilous association is widespread across the country. The re-
levés are mostly from lower altitudinal belts of higher mountain ranges or
from lower mountain ranges (350—1250 m), such as the Golo Burdo, Rui,
Mikrenski Hills, Lyulin and many others. These forests occur commonly
on shaded slopes on eutric cambisols (CMe) and rendzic leptosols (LPk).
A remarkable feature is the presence of species typical of the Quercion
frainetto forests (e.g. Quercus cerris, Q. frainetto, Helleborus odorus,
Lathyrus niger and Physospermum cornubiense) and the presence of com-
paratively well-developed shrub layer with Acer campestre, Corylus avel-
lana, Crataegus monogyna and Fraxinus ornus. Both groups of Bulgarian
thermophilous beech forests are more closely related to the surrounding
oak forests than to other beech forests.

5. Festuco drymejae-Fagetum sylvaticae

Diagnostic species: Festuca drymeja, Prenanthes purpurea and Rubus hirtus
Constant species: Fagus sylvatica, Festuca drymeja, Galium odoratum, Pre-
nanthes purpurea and Rubus hirtus

Dominant species: Fagus sylvatica and Festuca drymeja

Distribution: Ossogovska Mts., Stara Planina Mts., Rui Mts., Rhodopi Mts.,
Sredna Gora Mis. and Mikrenski Hills.

This association includes forests on nutrient-poor to moderately rich soils
(dystric and eutric cambisols; CMd, e), which are well supplied with water



Beech forest communities in Bulgaria 263

due to their occurrence on shaded slopes at altitudes of 600—-1450 m. Wet
soils are indicated by meso-hygrophilous species such as Eupatorium can-
nabinum and Prunella vulgaris. Festuca drymeja has a broad habitat range
in Bulgaria, but it was designated by Dzwonko et al. (1999) as a diagnostic
species of the alliance Aremonio-Fagion and suballiance Doronico
columnae-Fagenion. Festuca drymeja is a frequent species in the neu-
trophilous Bulgarian beech forests but rarely becomes a dominant species
of the herb layer. It is confined to the areas of warmer climate; it is rare in
Central Europe but tends to be increasingly frequent in beech forests of the
Balkan Peninsula. Rather high frequencies of Carpinus betulus and Quercus
petraea s. lat. reflect the position of these forests at the lower part of the
beech belt, at altitudes of approximately 1000 m, in the transitional zone
between the Asperulo-Fagion and Carpinion forests. Festuca drymeja
is also often found in the thermophilous and wet communities of Fagus
orientalis.

The floristic composition of the Bulgarian stands is very similar to the
stands described from Romania (MORARIU et al. 1968, REsMERITA 1977,
CoLDEA 1991) as an association Festuco drymejae-Fagetum. There-
fore, we assign them to this association, in spite of the fact that it was
included in the suballiance Symphyto-Fagenion by CoLpea (1991).

6. Luzula sylvatica-Fagus sylvatica community

Diagnostic species: Amblystegium serpens, Hieracium sabandum s. lat.,
Luzula sylvatica and Polypodium vulgare

Constant species: Fagus sylvatica, Luzula sylvatica, Mycelis muralis and Poa
nemoralis

Dominant species: Fagus sylvatica

Distribution: Central Stara Planina Mts., Belassitsa Mts., IThtimanska Sredna
Gora Mts., Rila Mts., Vrachanska Planina Mts. and Western Rhodopi Mts.

This community occurs on very steep slopes at altitudes of 850-1500 m,
on dystric cambisols (CMd). It is transitional between the Luzulo-Fag-
ion and Asperulo-Fagion, containing many common species of Luz-
ulo-Fagion, such as Luzula sylvatica, Lerchenfeldia (= Avenella) flexuosa
and Calamagrostis arundinacea. It occurs only in western Bulgaria and
most relevés are from the Belassitsa Mts. and the Western Rhodopi Mts. It
reaches its north-western distribution limits in the Vitinja Pass in the west-
ern part of the Central Stara Planina. It is similar to the Central European
subassociation Asperulo-Fagetum luzuletosum luzuloidis, which is
a transitional type between Asperulo-Fagetum typicum and acidophi-
lous beech forests. However, these forests contain some Balkan endemics or
eastern sub-mediterranean species such as Clematis viticella, Genista lydia,
Hypericum rumeliacum and Senecio papposus ssp. wagneri, which occur
scarcely and are not very specific to the beech forests. Rather, they occur
there due to propagule immigration from the surrounding open oak forests
or grasslands, which is facilitated by the open canopy of many of these
beech forests. Pinus nigra also represents a sub-mediterranean influence in
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this vegetation type and indicates the position of this habitat at the ecologi-
cal limit of Fagus sylvatica. Similar beech forests with Pinus nigra were
documented in Greece, but not considered at the association level by BErRG-
MEIER & Dimorouros (2001). Many sub-mediterranean, thermophilous
and heliophilous species, including some endemics of the central Balkan
Peninsula, occur there, but with a low constancy. It is similar to the suballi-
ance Doronico columnae-Fagion, described by Dzwonko et al.
(1999), which contains both neutrophilous and acidophilous species, but
also to some subtypes of the Central European association Asperulo-
Fagetum.

7. Abies alba-Fagus sylvatica community

Diagnostic species: Abies alba ssp. alba, Castanea sativa, Melampyrum
sylvaticum, Moebringia pendula, Picea abies and Pinus sylvestris

Constant species: Abies alba ssp. alba, Aremonia agrimonoides, Dryopteris
filix-mas, Euphorbia amygdaloides, Fagus sylvatica, Mycelis muralis and
Poa nemoralis

Dominant species: Fagus sylvatica

Distribution: Stara Planina Mts., Western Rhodopi Mts., Rila Mts., Vitosha
Mts., Rui Mts. and Belassitsa Mts.

This group represents mixed forests with Fagus sylvatica and Abies alba.
Their stands occur in patches inside different types of coniferous forests of
Pinus sylvestris or Picea abies, mostly at altitudes of 1000—1400 m. The
soils are different types of cambisols (eutric, dystric and humic, CMe, d,
u). These forests mostly occur in the Rhodopi Mts., the region of the largest
coniferous forests in the Balkan Peninsula. Their intrazonal character im-
plies the occurrence of coniferous forest species (e.g. Melampyrum sylvati-
cum, Moehringia pendula and Picea abies) as well as of some endemic or
sub-mediterranean species (e.g. Castanea sativa, Coronilla emerus, Fritilla-
ria pontica and Ostrya carpinifolia). The presence of fir indicates less ex-
treme climatic conditions. This tree reached its largest distribution in Bul-
garia during the Atlantic period (8000-4800 yrs BP), when the climate
was more favourable than nowadays (BOZHILOVA 1986). ThlS group is very
similar to the association Abieti-Fagetum “moesiacum” of HORVAT et
al. (1974; accepted also by Dzwonko et al. 1999). At the same time, it is
not very different from the Soldanello rhodopeae-Fagetum, described
by BERGMEIER & Dimorouros (2001) from the southern slopes of the
Rhodopi Mts., in spite of the fact that Abies alba is replaced by Abies
borisii-regis there. The group of sub-mediterranean species reflects the posi-
tion of these forests at the southernmost limit of spruce distribution in
Europe.

8. Asperulo odoratae-Fagetum sylvaticae

Diagnostic species: none

Constant species: Cardamine bulbifera, Fagus sylvatica, Galium odoratum
and Mycelis muralis
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Dominant species: Fagus sylvatica

Distribution: Stara Planina Mts., Sredna Gora Mts., Ossogovska Mts., Be-
lassitsa Mts., Rhodopi Mts., Rila Mts., Pirin Mts., Rui Mts., Vlahina Mts.,
Konyavska Mts., Vassilyovska Mts. and Mikrenski Hills.

This is a group of neutrophilous and species-poor beech forests with a
small cover of herb layer. It is the most widespread type of beech forests
in the mountain areas of Bulgaria, occupying mostly the middle part of the
beech belt at altitudes of 1000-1400 m. The soils are different types of
cambisols (eutric, dystric and humic; CMe, d, u). These forests have no
diagnostic species and are very similar to the community of Fagus sylvatica
and Galium odoratum described by BErGMEIER & Dimoroutros (2001)
from Greece. They reported this beech forest type to be the most common
in Greece on deep brown soils. We suppose this community to belong to
the Asperulo-Fagetum association, provided it is understood in a
broader sense, according to WILLNER (2002).

9. Umbilico erecti-Fagetum sylvaticae typicum

Diagnostic species: Cardamine pectinata, Carex remota, Chrysosplenium
alternifolium, Circaea lutetiana, Hypericum umbellatum, Lunaria rediviva,
Mercurialis perennis, Petasites albus Phyllitis scolopendrium, Salvia gluti-
nosa, Senecio vulgaris and Umbilicus erectus

Constant species: Aremonia agrimonoides, Cardamine bulbifera, Carpinus
betulus, Circaea lutetiana, Dryopteris filix-mas, Fagus sylvatica, Galium
odoratum, Lamiastrum galeobdolon, Mercurialis perennis, Mycelis muralis,
Salvia glutmosa and Sanicula europaea

Dominant species: Fagus sylvatica, Galium psendaristatum, Lunaria redi-
viva and Sanicula enropaea

Distribution: Central Stara Planina Mts., Sredna Gora Mts., Lozenska Mts.
and Vassilyovska Mts.

This community is the wettest beech forest in Bulgaria. It occurs along the
riverbanks and on the slopes of shady valleys within the altitudinal range
of 750-1550 m. The soil type is eutric cambisol (CMe) and colluviosol
(CL). The herb layer has low cover. Among many meso-hygrophilous
plants within this community, there are Balkanic and eastern sub-mediterra-
nean endemics such as Angelica pancici, Daphne blagayana and Umbilicus
erectus. This association is geographically vicarious to the Central European
Tilio-Acerion communities, or some specific Central European beech
forests that occur in wet and shady valleys, as indicated by a group of
hygrophilous species such as Carex remota, Chrysospleninm alternifolinm
and Circaea lutetiana. The Romanian association Phyllitido-Fagetum
Vida (1959) 1963 is also similar, but it contains several Carpathian species,
such as Aconitum moldﬂwcum, Hieracium rotundatum and Symphytum
cordatum (CoLpEea 1991). In Bulgaria this association occurs only in the
mountains in habitats with high air humidity and rainfall. It occurs mostly
in the lower part of the beech belt because in such locally cold places at
higher altitudes beech probably cannot survive winters and late frosts in



266 R. Tzonev et al.

spring. Most relevés are from the Central Balkan, an area with numerous
rivers on the northern slopes, and the surrounding regions of Sredna Gora,
Rui and Vassilyovska Mts. They are identical to the provisional subassocia-
tion described by MicHALIK (1990) from Boatin Reserve (Central Balkan
National Park) as Asperulo-Fagetum lunarietosum redivivae.

This association is related to the beech forests of wet places in Greece,
notably Lamiastro montani-Fagetum and Geranium versicolor-Urtica
dioica-Fagus sylvatica community (BERGMEIER & Dimorourus 2001), but
the species composition of both reflects the drier conditions typical of the
Greek climate. In this respect, both Greek communities are more similar to
Bulgarian groups 11 and 12, which are also wet, but less so than group 9.

10. Umbilico erecti-Fagetum sylvaticae laurocerasetosum officinalis
Diagnostic species: Daphne mezereum, Euonymus latifolius, Laurocerasus
officinalis and Taxus baccata

Constant species: Acer psendoplatanus, Aremonia agrimonoides, Daphne
mezereum, Enonymus latifolius, Fagus sylvatica, Galium odoratum, Lauro-
cerasus officinalis, Mycelis muralis and Sanicula enropaea

Dominant species: Fagus sylvatica and Lanrocerasus officinalis
Distribution: Stara Planina Mts.

This is a small but very specific group of beech forests, closely related to
the community described by Jovanovi¢ (1973) from the Ostrozub Mts. in
south-eastern Serbia, near the Bulgarian border, which is the westernmost
locality of Laurocerasus officinalis in the Balkans. The Ostrozub Mts. is a
continuation of the Stara Planina Mts. in Serbia. The Stara Planina, along
with the Strandzha Mts. in the Bulgarian-Turkish border area, has pre-
served a relict Tertiary flora of Euxinian type. The subassociation Umbil-
ico erecti-Fagetum laurocerasetosum, exclusively found in the Cen-
tral Stara Planina Mts. at altitudes of 950—1400 m, is very probably a vege-
tation type of relict beech forests, perhaps closely related to the Balkan Ice
Age refugia of beech (BozniLova 1986). This relict character is indicated
by the Euxinian species such as Laurocerasus officinalis, Periploca graeca
and Trachystemon orientalis, as well as by the sub-atlantic/sub-mediterra-
nean Taxus baccata. Through their floristic composition, these forests of
Fagus sylvatica are related to the Fagus orientalis forests, which occur in
the eastern Stara Planina Mts., and are most widespread in the Strandzha
Mts.

11. Aremonio agrimonoidis-Fagetum sylvaticae violetosum reichenba-
chianae

Diagnostic species: Aremonia agrimonoides, Helleborus odorus, Lamias-
trum galeobdolon, Rosa arvensis and Viola reichenbachiana

Constant species: Aremonia agrimonoides, Cardamine bulbifera, Dryopteris
filix-mas, Fagus sylvatica, Galium odoratum, Lamiastrum galeobdolon,
Melica uniflora, Mycelis muralis, Sanicula europaea and Viola reichenbachi-
ana
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Dominant species: Fagus sylvatica and Melica uniflora

Distribution: Stara Planina Mts., Vassilyovska Mts., Belassitsa Mts., Vlahina
Mts., Konyavska Mts., Sredna Gora Mts., Pirin Mts., Eastern Rhodopi
Mts., Rui Mts., Vitosha Mts., Mikrenski Hills.

This group is transitional between the typical Asperulo-Fagion forests
and more thermophilous forests at lower altitudes (400—1100 m), and is
similar to the previous one. These forests harbour many neutrophilous spe-
cies typical of the Asperulo-Fagion alliance, such as Cardamine bulbif-
era, Lamiastrum galeobdolon, Sanicula enropaea and Viola reichenbachi-
ana, but the number of more thermophilous species is also high, including
Crataegus monogyna, Helleborus odorus, Potentilla micrantha, Pyrus pyras-
ter and Rosa arvensis. These forests are the richest and the most thermophi-
lous group of Asperulo-Fagion in Bulgaria. A high abundance of Allium
ursinum in some places indicates a high air and soil humidity and nutrient-
rich soils, as well as relationships to the Central European beech forests.
These Bulgarian forests are very similar to the association Aremonio-
Fagetum described from Romania. CoLbEa (1991) noted that this associa-
tion lacks some typical species of Symphyto-Fagion, but contains sev-
eral thermophilous species. The Bulgarian and Romanian forests mainly
differ in the presence of a few species of Carpathian flora, such as Dentaria
glandulosa and Helleborus purpurascens, and are also similar in their abiotic
environment, including high humidity, typical altitudes and slope aspects,
and occurrence on nutrient-rich soils. Therefore we suggest assigning Bul-
garian stands in the association described from Romania, but as geographi-
cally delimited subassociations.

12. Aremonio agrimonoidis-Fagetum sylvaticae allietosum ursini
Diagnostic species: Allium wrsinum, Aremonia agrimonoides, Arum macu-
latum, Corydalis bulbosa, Geranium robertianum, Geum wrbanum, Impati-
ens noli- tangere, Salvia glutmosa Scrophularia scopolzz Symphytum tubero-
sum, Rubus ldaeus, Veratrum lobelianum and Viola riviniana

Constant species: Allium ursinum, Arum maculatum, Cardamine bulbifera,
Dryopteris filix-mas, Euphorbia amygdaloides, Fagus sylvatica, Galium
odoratum, Geranium robertianum, Geum wrbanum, Impatiens noli-tan-
gere, Lamiastrum galeobdolon, Mycelis muralis, Sanicula ewropaea, Sym-
phytum tuberosum and Viola riviniana

Dominant species: Fagus sylvatica and Impatiens noli-tangere
Distribution: Vrachanska Planina Mts., Sredna Gora Mts. and Stara Planina
Mts.

This subassociation is distributed mainly in the Vrachanska Planina Mts.,
where it occupies nutrient-rich and wet soils (eutric cambisols; CMe) and
frequntly contains the Central European species Allium ursinum, which is
rare in the Greek and Macedonian beech forests. The presence of Rubus
idaeus, Scrophularia scopolii and Urtica dioica indicates human impact, bet-
ter light conditions, or a naturally high nutrient supply.
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13. Rhododendro pontici-Fagetum orientalis

Diagnostic species: Fagus orientalis, Hedera helix, Hypnum cupressiforme,
Ilex colchica, Laurocerasus offzcmahs, Rhododendron ponticum and Tra-
chystemon orientalis

Constant species: Fagus orientalis, Festuca drymeja, Hedera helix, Hypnum
cupressiforme, Quercus polycarpa, Rhododendron ponticum and Trachyste-
mon orientalis

Dominant species: Fagus orientalis and Rhododendron ponticum
Distribution: Strandzha Mts.

This group includes the communities of Fagus orientalis in the Strandzha
Mts. that occur in the valleys and places with high air humidity, on soils
belonging to the types of cambisols (CM), alisols (AL), and planosols (PL).
The altitude is low, ranging from 200 to 250 m. Within the shrub layer,
Rhododendron ponticum is the dominant species and in places it attains a
cover of 80—-90%. Its leaf litter is poisonous and a small number of other
species can survive in the herb layer (Corak 1997). These forests have a
similar floristic composition to the communities of Fagus orientalis in
northern Turkey, with some evergreen Euxinian shrubs occurring besides
Rhododendron ponticum, in particular Daphne pontica, Ilex colchica and
Laurocerasus officinalis. However, they differ from the beech forests of
northern Turkey in the higher representation of European and Balkanic
elements. A similar association Ilici colchici-Fagetum orientalis, de-
scribed by QUEzEL et al. (1980, 1992) from the north-eastern part of the
Anatolian plateau, has many species that do not occur in the Strandzha
Mts., including Abies bornmuelleriana, Digitalis orientalis, Ranunculus bru-
tins and Rhododendron flavum. We suggest that the association Rhodo-
dendro-Fagetum occurs in Bulgaria and very probably also in the Turk-
ish part of the Strandzha Mts., but not on the Anatolian plateau, which is an
area of distribution of its geographic vicariant, association Ilici colchici-
Fagetum.

14. Cyclamini coum-Fagetum orientalis

Diagnostic species: Cyclamen coum, Daphne pontica, Fagus orientalis, Fes-
tuca drymeja, Quercus frainetto, Q. polycarpa and Ruscus hypoglossum
Constant species: Daphne pontica, Fagus orientalis, Festuca drymeja, Hy-
pnum cupressiforme, Quercus frainetto, Q. polycarpa, Ruscus hypoglossum
and Trachystemon orientalis

Dominant species: Fagus orientalis, Festuca drymeja and Trachystemon ori-
entalis

Distribution: Strandzha Mts.

This association has the widest distribution of all Fagus orientalis forest
types in the Strandzha Mts. It is a transitional community between the open
thermophilous forests of Quercus polycarpa and Q. frainetto (Quercion
frainetto alliance) on the ridges, and the dark and wet Rhododendro
pontici-Fagetum orientalis forests on the slopes of small valleys.
Cyclamini coum-Fagetum occurs on more flat landforms, mainly on
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the ridges. The Strandzha Mountains are the westernmost locality of the
typical Euxinian beech forests, which are widely distributed along the
southern coast of the Black Sea and in Georgia. Despite its transitional
character, this community is a specific component of the Strandzha forests,
which deserves a status of separate, endemic association.

15. Primulo rubrae-Fagetum orientalis

Diagnostic species: Acer hyrcanum, A. pseudoplatanus, Campanula persici-
folia, Carpinus betulus, Dactylis glomerata ssp. lobata, Dicranella heterom-
alla, Doronicum orientale, Euphorbia amygdaloides, Fagus orientalis, Laps-
ana communis, Lathyrus hirsutus, Primula acaulis ssp. rubra, Smyrnium
perfoliatum and Tilia platyphyllos

Constant species: Acer psendoplatanus, Carpinus betulus, Dactylis glomer-
ata ssp. lobata, Fagus orientalis, Galium odoratum, Lamiastrum galeobdo-
lon, Lapsana communis, Lathyrus hirsutus, Melica uniflora, Mercurialis per-
ennis, Mycelis muralis, Poa nemoralis, Primula acaulis ssp. rubra, Sanicula
europaea and Tilia platyphyllos

Dominant species: Carex sylvatica, Fagus orientalis, Galium odoratum and
Melica uniflora

Distribution: Eastern Stara Planina Mts.

These are the north-westernmost communities of Fagus orientalis in Bul-
garia, distributed at low altitudes (between 100-500 m) in the eastern Stara
Planina Mts. near the Black Sea coast. In the local maritime climate there
is high air humidity and winter is not so cold. The soil is mostly dystric or
chromic cambisol (CMd, x). These forests are transitional between Fagion
orientalis and Cephalanthero-Fagion and contain many species that
are more characteristic of the latter alliance. As the first division of the
cluster analysis (Fig. 2), as well as PCA ordination (Fig. 3), demonstrated a
closer similarity to the other Fagus orientalis forests than to the thermophi-
lous forests of Fagus sylvatica, we assign them to the alliance Fagion ori-
entalis. However, as they occur within a contact zone between Fagus syl-
vatica and F. orientalis communities, they share some characteristics of both
alliances, including a mixture of species with different phytogeographical
affinities.

Discussion

Fagus sylvatica communities

There are several issues concerning the classification of the south-eastern
European beech forests, of which perhaps the most controversial concern
the Bulgarian thermophilous beech forests. Relationships between the low-
altitudinal Bulgarian and Greek beech forests were emphasized by Stoy-
ANOV (1941; see also BonDEV 1991) and reflected in the term “Moesian
beech forests”, which was commonly used in Bulgaria, but had originally
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more ecological than geographical meaning. These authors considered the
low-altitudinal beech forests as “Moesian”, as opposed to the high-altitudi-
nal beech forests, which are more similar to the Central European forests
of the Asperulo-Fagion and Luzulo-Fagion. They also hypothesized
that the low-altitudinal beech forests are dominated by Fagus sylvatica
subsp. moesiaca, while the high-altitudinal ones are composed of Fagus
sylvatica subsp. sylvatica (BONDEV 1966).

Later on, Moesian beech forests were considered to be a more geographi-
cal than ecological term, and geographical approach to the Balkan beech
forest classification was followed by several authors, including those who
proposed broad-scale divisons of European beech forests into regional alli-
ances (HORVAT et al. 1974, D1ErscHKE 1997, DIERSCHKE & BoHN 2004).

The present analysis of Bulgarian Fagus sylvatica communities does not
show any distinct pattern of geographic differentiation. The differentiation
of the Bulgarian beech forests follows edaphic and local topoclimatic gradi-
ents and is similar to that of the Central European beech forests, although
there are some small differences in the species composition due to propa-
gule pressure from the surrounding oak forests. These conclusions agree
with those of ZoLLER et al. (1977), who revealed clear parallels in edaphic
differentiation between the northern Greek and Central European beech
forests. Therefore we accept a syntaxonomical scheme with edaphic and
local topoclimatic rather than geographical emphasis, which is very close
to that offered by WILLNER (2002) for the southern Central European beech
forests; it includes the alliances Luzulo-Fagion (acidophilous beech for-
ests), Asperulo-Fagion (nutrient-rich beech forests), and Cephalan-
thero-Fagion (thermophilous beech forests). We suggest that these allian-
ces occupy the putative geographic range of Fagion moesiacum as out-
lined by HorvaT et al. (1974). Luzulo-Fagion and Asperulo-Fagion -
correspond to the ecologically heterogeneous suballiance Doronico
columnae-Fagenion moesicae as delimited by Dzwonko & LOSTER
(2000) and BerGMEIER & Dimorouros (2001), while Cephalanthero-
Fagion is close to their concept of Doronico orientalis-Fagenion
moesiacae suballiance and to the Greek communities of Fagus orientalis
that they assigned to the order of thermophilous oak forests of Querceta-
lia pubescenti-petraeae.

Generally, it is to be noted that floristic differentiation patterns in vegeta-
tion are usually too complex to be simplified in either strictly geographical
differentiation, emphasizing the evolutionary and migration history of re-
gional floras, such as that developed for European beech forests (D1erscH-
KE 1997, DIERSCHKE & BOHN 2004), or in a strictly edaphic or local topocli-
matic differentiation. Often these patterns are scale-dependent, showing
stronger edaphic effects at finer scales and stronger geographic distinctions
on broader scales (CHYTRY et al. 2002a, KuZeLovA & CHYTRY 2004). For
many broad-scale data sets, however, edaphic, local topoclimatic and geo-
graphical factors can be of comparable importance and interact in complex
ways to form vegetation pattern (BERGMEIER & Dimorouros 2001,
KnorrLovA & CHYTRY 2004).
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Fagus orientalis communities

Communities of Fagus orientalis are clearly distinguished from F. sylvatica
communities through their specific floristic composition. Although Bul-
garia is situated at the westernmost distribution limit of Fagus orientalis,
these communities possess a distinct group of diagnostic species, which
underlines the specificity of the new associations described by us for the
first time from Bulgaria. The only typical Euxinian association, Rhodo-
dendro pontici-Fagetum orientalis, occurs in Bulgaria as a vicariant
of the association Ilici colchici- Fagetum orientalis from northern
Turkey. It has a poorer species composition than Turkish stands, but still
harbours an important group of diagnostic species including Ilex colchica,
Laurocerasus officinalis and Rhododendron ponticum.

The communities of Fagus orientalis that were described by BEerc-
MEIER & DiMmorouLos (2001) from north-eastern Greece are very different
from the Bulgarian ones. Although the beech populations with transitional
characters between Fagus sylvatica and F. orientalis have a wider distribu-
tion in the Balkan Peninsula (GOMORY et al. 1999), the vegetation of Fag-
ion orientalis is confined to south-eastern Bulgaria and the European
part of Turkey. The species composition of the Primulo rubrae-Fage-
tum orientalis association from the eastern Stara Planina Mts. is transi-
tional between Fagus orientalis forests from the Strandzha Mts. and those
from Greece. Like the Greek communities, it is very similar to the neigh-
bouring oak forests of the Quercetalia pubescenti-petraeae order,
particularly of the Quercion frainetto alliance. Bulgarian Cephalan—
thero-Fagion forests, which include Fagus sylvatica communities on the
plains and foothills, are also closely related by their floristic composition
to the Greek communities of Fagus orientalis. It should be noted that BErG-
MEIER & Dimorouros (2001) refer to “true” Fagus sylvatica subsp. orien-
talis and “spatulolepis” form of Moesian beech, which often grow together.
These beech populations may be very close to Bulgarian populations that
have been usually determined in Bulgaria (BoNDEV 1966) as “typical” Fagus
sylvatica subsp. moesiaca, and are treated as Fagus sylvatica in the present
study.

Nature conservation

The Bulgarian beech forests are threatened communities. In the recent years
they have suffered from an intense human impact, mainly clear-cutting.
They need special activities for their preservation. Their inclusion in the
European network of protected areas NATURA 2000 will be the first im-
portant step in this direction. Results of the present study show that the
Bulgarian beech forests closely fit the main habitat types in Annex I of the
Habitats Directive 92/43/EEC, including 9110 Luzulo-Fagetum beech
forests, 9130 Asperulo-Fagetum beech forests and 9150 Medio-Euro-
pean limestone beech forests of the Cephalanthero-Fagion. The Fagus
orientalis forests will be included in this network under a new code, 91S0
Stranja Oriental beech forests.
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Appendix I. Nomenclature type relevés of the newly described
syntaxa

3. Tilio tomentosae-Fagetum sylvaticae ass. nov.

Relevé 486 (Electronic appendix, Table 3), author: A. ViTkova; 8 July 2004;
plot size: 200 m?; alt. 250 m; slope: 25° W; Shumensko plateau, north from
the road above the village of Troitza; cover tree layer: 80 %, shrub layer:
10 %, herb layer: 60 %, moss layer: < 1%.

Tree layer: 3: Carpinus orientalis, Fagus sylvatica; 1: Acer campestre; r:
Fraxinus excelsior, Tilia cordata.

Shrub layer: 2: Tilia tomentosa; +: Cornus mas; r: Fraxinus excelsior, Juglans
regia.

Herb layer: 2: Bromus ramosus, Fagus sylvatica juv., Glechoma hederacea,
Hedera helix, Viola odorata; 1: Carpinus orientalis juv., Cornus mas juv.,
Lathyrus laxiflorus, Milium effusum, Polygonatum latifolium, Quercus cer-
ris juv., Ruscus aculeatus; +: Acer campestre juv., Cardamine bulbifera, Car-
pinus betulus juv., Dactylis glomerata ssp. glomemm Euphorbia amygda-
loides, Glecboma lozrmm, Melica uniflora; r: Alliaria petiolata, Aremonia
agrimonoides, Cephalanthera longifolia, Dactylorhiza cordigera, Fraxinus
excelsior juv., Rosa canina juv.

Moss layer: r: Paraleucobryum longifolium.

4. Galio pseudaristati-Fagetum sylvaticae ass. nov.

Relevé 191 (Electronic appendix, Table 4), author: R. TzoNEv; 24 May 2004;
plot size: 200 m?; alt. 450 m; slope: 45° W; Mikrenski Hills, village of Golec;
cover tree layer: 95 %, shrub layer: 20 %, herb layer: 25 %, moss layer: 1 %.
Tree layer: 4: Fagus sylvatica; 2: Quercus cerris; +: Acer campestre.

Shrub layer: 2: Acer campestre, Crataegus monogyna, Fagus sylvatica; +
Cornus mas, Quercus cerris.

Herb layer: 2: Melica uniflora, Poa nemoralis; 1: Campanula rapunculoides,
Carex sylvatica, Clematis vitalba, Eup/oorbm amygdaloides, Fagus sylvatica
juv., Galium pseudaristatum, Lathyrus vernus, Sanicula ewropaea, Sorbus
torminalis juv., Viola odorata, V. reichenbachiana; +: Acer campestre juv.,
Aremonia_agrimonoides, Carex remota, Carpinus betulus juv., Helleborus
odorus, Hieracium murorum s. lat., Lathyms niger, Luzula luzuloides, My—
celis muralis, Quercus frainetto juv., Stachys sylvatica, Tamus communis; r
Platanthera bifolia.

Moss layer: +: Atrichum undulatum.
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9. Umbilico erecti-Fagetum sylvaticae ass. nov. typicum subass. nov.
(Nomenclatural type of the association and of subassociation typicum)
Relevé 432 (Electronic appendix, Table 9); author: I. Nikorov; 3 July 2004;
plot size: 300 m?; alt. 1100 m; slope: 10° W; Central Balkan, Apriltsi, “Prus-
kalska reka”; cover tree layer: 80 %, shrub layer: 0%, herb layer: 90 %,
moss layer: 0%.

Tree layer: 5: Fagus sylvatica.

Herb layer: 5: Lunaria rediviva; 2: Carex remota, Dryopteris filix-mas; 1:
Circaea lutetiana, Geranium robertianum, Mercurialis perennis, Umbilicus
erectus, Viola odorata; +: Cardamine bulbifera, Mycelis muralis, Sambucus
nigra juv., Sanicula enropaea, Valeriana tripteris; r: Acer pseudoplatanm juv.,
Salvia glutinosa, Senecio nemorensis.

10. Umbilico erecti-Fagetum sylvaticae laurocerasetosum officinalis sub-
ass. nov.
Relevé 395 (Electronic appendix, Table 10); author: V. Roussakova; 22 June
2004; plot size: 400 m?; alt. 950 m; slope: 40° N'Wj; Central Balkan, Bulgarka
Nature Park; cover tree layer: 100 %, shrub layer: 50 %, herb layer: 85 %,
moss layer: 15 %.
Tree layer: 5: Fagus sylvatica; +: Abies alba ssp. alba, Acer psendoplatanus,
Taxus baccata.
Shrub layer: 3: Laurocerasus officinalis; 1: Abies alba ssp. alba, Fagus sylv-
atica, Taxus baccata; +: Clematis vitalba, Corylus avellana, Crataegus mon-
ogyna, Daphne mezereum, Enonymus latzfolms, Hedera helix, Rubus rivu-
laris.
Herb layer: 3: Festuca drymeja; 1: Fagus sylvatica juv., Polystichum setife-
rum, Taxus baccata juv.; +: Abies alba ssp. alba juv., Achillea grandifolia,
Actaea spicata, Aremonia agrimonoides, Campanula rapunculoides, Cepha-
lanthera longifolia, C. rubra, Doronicum austriacum, Euphorbia amygda-
loides, Fragaria vesca, Galium odoratum, G. psendaristatum, Glechoma
hederacea, Hepatica nobilis, Hieracium sabaudum s. lat., Melica uniflora,
Mercurialis perennis, Mycelis muralis, Myrrhoides nodosa, Oxalis acetosella,
Poa nemoralis, Polygonatum verticillatum, Prenanthes purpurea, Pulmo-
naria rubra, Pyrola chlorantha, Salvia glutinosa, Sanicula europaea, Sorbus
aucuparia juv., Viola reichenbachiana.
Moss layer: +: Bryum pallescens, Dicranum tawricum, Didymodon fallax,
Diphyscium foliosum, Eurbynchium crassinervium, Fissidens taxifolins, Hy-
pnum cupressiforme, Isothecium alopecuroides, Leucobryum glancum, Pla-
giochila porelloides, Polytrichum formosum, Rhynchostegium murale, Tor-
tella tortuosa, Tortula subulata.

11. Aremonio agrimonoidis-Fagetum sylvaticae violetosum reichenba-
chianae subass. nov.

Relevé 148 (Electronic appendix, Table 11); author: R. TzoNEv; 24 May

2004; plot size: 500 m?; alt. 650 m; slope: 15° N; Mikrenski Hills, village of

Leshnitsa; cover tree layer: 80 %, shrub layer: 10 %, herb layer: 70 %, moss

layer: 0%.
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Tree layer: 5: Fagus sylvatica; +: Acer campestre, Pyrus pyraster.

Shrub layer: 1: Fagus sylvatica; +: Crataegus monogyna, Rosa arvensis.
Herb layer: 3: Viola reichenbachiana; 2: Allium wursinum, Fagus sylvatica
juv., Melica uniflora, Mercurialis perennis, Sanicula europaea; 1: Cardamine
bulbifera, Dryopteris filix-mas, Galium odoratum; +: Acer campestre juv.,
A. pseudoplatanus juv., Aremonia agrimonoides, Arum maculatum, Carex
sylvatica, Carpinus betulus juv., Cephalanthera damasoninm, Galium pseu-
daristatum, Lamiastrum galeobdolon, Lathyrus vernus, Neottia nidus-avis,
Poa nemoralis, Stachys sylvatica.

12. Aremonio agrimonoidis-Fagetum sylvaticae allietosum ursini subass.
nov.

Relevé 121 (Electronic appendix, Table 12); author: V. VuLcHEV; 23 June;

plot size: 200 m?; alt. 1250 m; slope: 15° N; Vrachanska Planina Mts.; cover

tree layer: 95 %, shrub layer: 10 %, herb layer: 30 %, moss layer: 5%.

Tree layer: 5: Fagus sylvatica.

Shrub layer: 2: Fagus sylvatica; +: Acer pseudoplatanus.

Herb layer: 2: Allium wursinum; 1: Aremonia agrimonoides, Arum macula-

tum, Cardamine bulbifera, Carex sylvatica, Cephalanthera rubra, Cory-

dalis bulbosa, Euphorbia amygdaloides, Fagus sylvatica juv., Galium odora-

tum, Geranium robertianum, Lamiastrum galeobdolon, Mycelis muralis,

Poa nemoralis, Prenanthes purpurea, Sanicula europaea, Viola riviniana, +:

Dactylis glomerata, Epilobium montanum, Festuca drymeja, Geum urba-

num, Impatiens noli-tangere, Mercurialis perennis, Salvia glutinosa, Stachys

sylvatica, Symphytum tuberosum, Veronica chamaedrys.

Moss layer: +: Plagiothecium nemorale, Polytrichum formosum, Pterigy-

nandrum filiforme.

13. Rhododendro pontici-Fagetum orientalis ass. nov.

Relevé 44 (Electronic appendix, Table 13); authors: CH. Gussev and R.
TzonNEv; 28 July 2004; plot size: 300 m?; alt. 200 m; slope: 20° E; Strandzha
Mts., “Marina rjaka” Protected area; cover tree layer 90 %, shrub layer:
80 % herb layer 5%, moss layer: 5 %.

Tree layer: 5: Fagus orientalis.

Shrub layer: 3: Rhododendron ponticum; 2: Laurocerasus officinalis; 1: Co-
rylus avellana, Ilex colchica.

Herb layer: 1: Ruscus hypoglossum; +: Brachypodium pinnatum, Hedera
helix, Trachystemon orientalis.

Moss layer: 1: Hypnum cupressiforme.

14. Cyclamini coum-Fagetum orientalis ass. nov.

Relevé 23 (Electronic appendix, Table 14); authors: CH. Gussev and R.
TzonNEev; 28 July 2004; plot size: 400 m?; alt. 200 m; slope: 20° N Strandzha
Mts., village of Kondolovo; cover tree layer: 90 %, shrub layer: 10 %, herb
layer: 20, moss layer: 1 %.

Tree layer: 5: Fagus orientalis; +: Quercus polycarpa.
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Shrub layer: 2: Fagus orientalis; 1: Daphne pontica.

Herb layer: 2: Festuca drymeja, Trachystemon orientalis; 1: Poa nemoralis,
Primula acaulis ssp. rubra, Sorbus torminalis, Viola odorata; +: Acer platan-
oides juv., Aremonia agrimonoides, Asplenium adiantum-nigrum, Brachypo-
dium pinnatum, Calamintha sylvatica, Campanula grossekii, C. persicifolia,
Cyclamen coum, Dactylis glomerata ssp. lobata, Euphorbia amygdaloides,
Fraxinus ornus juv., Galium pseudaristatum, Geum urbanum, Lapsana com-
munis, Lathyrus aureus, L. laxiflorus, Melica uniflora, Mycelis muralis, Pol-
ystichum setiferum, Potentilla micrantha, Quercus frainetto juv., Symphy-
tum tanricum, Veronica chamaedrys ssp. vindobonensis.

Moss layer: +: Hypnum cupressiforme; r: Lencobryum glancum.

15. Primulo rubrae-Fagetum orientalis ass. nov.

Relevé 7 (Electronic appendix, Table 15), author: Cx. GussEv; 10 June 2004;
plot size: 300 m?; alt. 350 m; slope: 20° NNE; Eastern Balkan, Eminska
Mts.; cover tree layer: 85 %, shrub layer: 40 %, herb layer: 30 %, moss layer:
1%.

Tree layer: 5: Fagus orientalis; 1: Tilia platyphyllos; +: Acer platanoides, A
pseundoplatanus, Fraxinus ornus.

Shrub layer: 3: Fagus orientalis.

Herb layer: 2: Bromus benekenii, Fagus orientalis juv.; 1: Dactylis glomer-
ata ssp. lobata, Hedera helix, Melica uniflora, Mercurialis perennis, Poa
nemoralis, Primula acaulis ssp. rubra, Sanicula europaea; +: Acer campestre
juv., Aremonia_agrimonoides, Brachypodium sylvaticum, Euphorbia amyg-
daloides, Fritillaria pontica, Lapsana communis, Lathyrus awreus, L. hir-
sutus, Luzula Iuzuloides, Mycelis muralis, Viola odomm

Moss layer: +: Brachythecium rutabulum, B. velutinum, Dicranella heter-
omalla.



