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Abstract

Thermophilous deciduous forests of Quercetalia pubescentis are widespread in Bosnia and Herze-
govina (B&H), where they occupy about 11% of the national territory and account for about 20% of the
total forest area. This paper provides their formalized classification and nomenclatural revision, based
on 274 relevés from the literature and 399 relevés collected during intensive field research. The Cock-
tail method was used for supervised classification, which resulted in 17 associations recognized for
B&H. Additionally, one new association emerged after semi-supervised classification of relevés not
classified by Cocktail. The following associations were recognized, and characterized by species com-
position, ecology and distribution: 1. Querco pubescenti-Carpinetum orientalis; 2. Rusco aculeati-
Carpinetum orientalis; 3. Carici hallerianae-Quercetum pubescentis; 4. Cruciato glabrae-Carpinetum
orientalis; 5. Seslerio autumnalis-Quercetum pubescentis; 6. Aristolochio luteae-Quercetum pubescen-
tis; 7. Asparago tenuifolii-Quercetum pubescentis; 8. Seslerio autumnalis-Ostryetum carpinifoliae;
9. Rusco aculeati-Ostryetum carpinifoliae; 10. Querco pubescenti-Ostryetum carpinifoliae; 11. Querce-
tum frainetto-cerridis; 12. Fraxino orni-Quercetum cerridis; 13. Lathyro nigri-Quercetum petraeae;
14. Aceri obtusati-Quercetum petraeae; 15. Cytiso hirsuti-Quercetum petraeae; 16. Festuco drymejae-
Quercetum petraeae; 17. Potentillo micranthae-Quercetum petraeae; 18. Seslerio autumnalis-
Quercetum petraeae. The validity and legitimacy of associations were checked and they were validated
and corrected as needed, strictly following the rules of the International Code of Phytosociological
Nomenclature. A complete list of synonyms has been given for every association, with an indication of
the article of the Code according to which the name must be rejected. The associations were assembled
into four groups, following the criterion of dominant species in a tree layer, in order to present differ-
ences and similarities in floristic composition between associations of the same type, i.e., dominated by
the same tree species. An ecogram was drawn displaying the relative ecological range of each associa-
tion along soil pH and moisture gradients. The largest number of associations (13) occurs in the Medi-
terranean region; the Dinaric and Pre-Pannonian regions each harbour ten associations, while there are
only five associations in the Transitional Illyrian-Moesian region. Seven syntaxa previously reported
for thermophilous deciduous forests of B&H were not recognized during the analysis. A list is given of
all nomina nuda that could not be resolved and ascribed to synonymy with accepted associations.
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Erweiterte deutsche Zusammenfassung am Ende des Artikels

1. Introduction

Thermophilous deciduous forests of the order Quercetalia pubescentis (Querco-Fagetea)
occupy about one fifth of the forest area of Bosnia and Herzegovina (B&H) (STEFANOVIC et
al. 1983). In southern B&H, they are represented by zonal communities dominated by Quer-
cus pubescens and Carpinus orientalis (STEFANOVIC et al. 1977b). Similar communities are
developed extrazonally in other parts of the country, mainly along river canyons (FUKAREK
1975, STEFANOVIC 1979a, 1989). Ostrya carpinifolia takes a dominant role at higher alti-
tudes in southern B&H, in moister and cooler limestone canyons in central B&H and on
steep southern exposure limestone and dolomite outcrops of central and northern B&H (FA-
BIJANIC et al. 1967, STEFANOVIC 1979a, LAKUSIC et al. 1982b). Azonal Quercus cerris for-
ests are the main type of forest vegetation in dry karst fields of western and southern parts of
the country (STEFANOVIC 1968), while Quercus frainetto is the main species in zonal forest
vegetation in eastern B&H in the zone of biogeographical and climatic transition towards the
dryer Central Balkans (FUKAREK et al. 1974, HORVAT et al. 1974, STEFANOVIC 1988). Aci-
do-thermophilous Quercus petraea forests are a particular type of thermophilous deciduous
forests in B&H, which are found on warmer habitats over acidic bedrock throughout eastern,
central and northern B&H.

Although phytosociological studies of the vegetation have a relatively long tradition in
B&H (HORVAT 1933, 1941, HORVAT & PAWLOWSKI 1939, TREGUBOV 1941), there are clear-
ly many problems related to the classification and nomenclature of thermophilous deciduous
forests (LAKUSIC et al. 1982b, REDZIC 2007, 2011). These problems can mainly be related to
the large diversity of this vegetation type and poor coverage by phytosociological relevés
(only 274 have been published for the whole country). Research in the past was mainly
restricted to canyon systems and Carpinus orientalis scrub (LAKUSIC et al. 1987, LAKUSIC &
REDZIC 1989, 1991, STEFANOVIC 1989, MURATSPAHIC et al. 1991) (Fig. 1). Studies of other
types were conducted at a limited number of localities, resulting with only a modest number
of relevés (FABIJANIC et al. 1963, STEFANOVIC 1964b, 1968, FUKAREK et al. 1974, BUCALO
1999, REDZIC & BARUDANOVIC 2010, BRUJIC 2013), while some types were not recorded at
all. Additionally, the nomenclature is far from being settled. Original literature is over-
crowded with pseudonyms, invalidly published names, new names for already validly pub-
lished syntaxa and a plethora of nomina nuda. Some syntaxa from neigbouring regions have
been uncritically included in B&H syntaxonomical overviews. This can be illustrated by the
fact that in the first overview of this type of vegetation in B&H, the number of different
associations was 14 (LAKUSIC et al. 1978), while in the last, in which the author listed all
names that occurred in published or unpublished sources, the number of associations was 44
(REDZIC 2011). Finally, there is a problem with the syntaxonomical position of acido-
thermophilous Quercus petraea forests. These forests are easily distinguished from acido-
mesophilous Quercion roboris by the number of thermophilous and xerophilous species and
the absence of strong acidophytes. While such forests in Serbia were classified into Quer-
cetalia pubescentis (JOVANOVIC et al. 1986, TOMIC et al. 2006, TOMIC & RAKONJAC 2013),
in B&H and Croatia they have mainly been treated as part of Quercion roboris (STEFANOVIC
et al. 1977a, STEFANOVIC 1984, VUKELIC 2012). However, bearing in mind their ecological
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and floristical features and knowing that such misclassifications have also been reported for
Central Europe (CHYTRY 1997, KAsSPROWICZ 2010, INDREICA 2012), we included them in
thermophilous deciduous forests.

There are several national classifications of thermophilous deciduous forests in neigh-
bouring regions made using the traditional expert method (SARIC 1997, SKORIC 2006,
BERGMEIER & DIMOPOULOS 2008, KEVEY 2008, VUKELIC 2012). A formalized classification
method (i.e., the Cocktail method) was used for classification of thermophilous deciduous
forests in the Czech Republic (ROLECEK 2007, CHYTRY 2013), and is used increasingly for
classification of other vegetation types on the national level (KOCi et al. 2003, SILC & CARNI
2007, CHYTRY 2013, RODRIGUEZ-ROJO et al. 2014). This method appears to be the most
suitable for producing a stable and formally defined classification system for the vegetation
of large areas (CHYTRY 2007). Although it has been tested and applied mainly on large na-
tional data sets that, beside relevés of analyzed vegetation types, consist of relevés of all
other vegetation types of the research area (typically a national territory), some works have
been published that demonstrate its usability on data sets consisting of only one vegetation
type, e.g., mesic grasslands (RODRIGUEZ-ROJO et al. 2014).

The aim of this work was to fill the gap in available data about thermophilous deciduous
forests in the B&H by intensive field research, to formally classify thermophilous deciduous
forests in B&H, to check the validity and legitimacy of the existing nomenclature and to
correct and typify syntaxa according to the ICPN (International Code of Phytosociological
Nomenclature).

2. Study area

Bosnia and Herzegovina is located in south-eastern Europe, in the western Balkan Penin-
sula. Biogeographically, it is divided into four regions (STEFANOVIC et al. 1983) (Fig. 1):
Pre-Pannonian (continental, northern B&H), Dinaric (mountainous, central B&H), Mediter-
ranean (southern and south-western B&H), and Transitional Illyrian-Moesian (eastern
B&H). Northern B&H embraces the southern outcrops of the Pannonian Plain and the north-
ern foothills of the Dinaric Alps and is an area of predominantly low mountains, hills and the
alluvial plains of the Sava River and lower reaches of the rivers Una, Vrbas, Bosna and
Drina. Dominant forest vegetation is represented by meso-neutrophilous forests of beech
(Fagus sylvatica), common hornbeam (Carpinus betulus) and sessile oak (Quercus petraea).
The major part of the central (Dinaric) region is mountainous, with the high Dinaric Alps
spreading in a NW-SE direction. Forest vegetation is for the most part represented by mesic
forests of beech, fir (4bies alba) and spruce (Picea abies). Deep limestone river canyons and
valleys, which generally have a north-south direction, are a prominent feature of this moun-
tainous region. The southern, Mediterranean part of the country is highly influenced by the
Mediterranean climate and mainly belongs to the sub-Mediterranean zone, while the Eu-
Mediterranean zone occupies only a narrow belt around the short Adriatic coastline. This
part of the country consists of limestone mountains and hills intersected by numerous karstic
fields (Livanjsko polje, Duvanjsko polje, Posusko polje, Mostarsko blato, Popovo polje,
Nevesinjsko polje, Gatacko polje, Dabarsko polje etc.) with the large alluvial plain of the
Mediterranean River Neretva in the south. Zonal vegetation of this region is represented by
downy oak/oriental hornbeam (Quercus pubescens, Carpinus orientalis) forests. The eastern,
Transitional Illyrian-Moesian biogeographical region comprises a relatively narrow belt
along the River Drina at the border with Serbia. It is a biogeographical and climatic transi-
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Fig. 1. Location of the study area. The biogeographical division of B&H is indicated. Dots represent
localities of 673 relevés used in this study (black - literature, red - field research).

Abb. 1. Lage des Untersuchungsgebiets mit der biogeographischen Gliederung von B&H. Punkte
geben die Orte der 673 Vegetationsaufnahmen dieser Studie an (schwarz — Literatur, rot: eigene Feldar-
beit).

tion between the western more humid Illyrian zone and the eastern, dryer Central Balkans.
The zonal community is Central Balkans hungarian oak/turkey oak (Quercus frainetto,
Q. cerris) forest. Carbonate bedrock (limestone and dolomite) predominates in the southern
and western parts of the country, while the northern and eastern parts are composed of car-
bonate, siliceous and ultramafic rocks (VELIC & VELIC 1983). The climate is also very di-
verse, since two major climatic zones overlap here: central European from the north and
Mediterranean from the south. The transitional zone is highly modified by the influence of
mountain massifs (DELUANIC et al. 1964). River valleys and canyons, with their south-north
direction, play a significant role in this climate modification, since, through them, the Medi-
terranean climate penetrates deep into the central and northern parts of the country. This part
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of Europe has been under intensive anthropogenic influence since the Early Neolithic, espe-
cially the Submediterranean and Pannonian regions. Large portions of this land were altered,
mainly deforested, quite early because of the spread of agriculture (HORVAT et al. 1974).
Bearing in mind this great diversity of abiotic features in B&H, it is not surprising that it
harbors great diversity of vascular plants, with a large number of endemics (LUBARDA et al.
2014) and, consequently, great diversity of vegetation types (LAKUSIC et al. 1978, JOVANOV-
IC et al. 1986, REDZIC 2007). Forests cover around 54% of the country’s area and thermophi-
lous deciduous forests occupy ca. 5800 km>, which is around 11% of the country’s territory
(STEFANOVIC et al. 1983).

3. Methods

3.1 Collection and sampling of data

All relevés used in this study are stored in, and available from, the Oak Forests Vegetation Data-
base of Bosnia and Herzegovina, with the ID EU-BA-001 in the Global Index of Vegetation-Plot Data-
bases (DENGLER et al. 2011). This database consists of all 1,195 published and available unpublished
relevés of oak-dominated forests in B&H. All relevés assigned by their authors to Quercetalia pubes-
centis, as well as those of acido-thermophilous Quercus petraea forests, were selected for the analysis.
Four relevés of pure Castanea sativa woods from the sub-Mediterranean region of B&H, designated
Castanetum sativae hercegovinum (WRABER 1958), were omitted. Although this association has been
classified by some authors within Quercetalia pubescentis (LAKUSIC et al. 1978, REDZIC 2011), after
inspection of those relevés, it was determined that they are floristically very close to continental aci-
dophilous Castanea sativa forests. In addition to the relevés collected from the literature, 399 relevés
were collected in the field by the authors, in different types of thermophilous deciduous forests, mainly
in areas that had previously been overall very poorly sampled. All relevés were made using the standard
Central European phytosociological method (BRAUN-BLANQUET 1964) with Braun-Blanquet scale
cover-abundance estimates of each species. The size of most relevé plots was 225-400 m”. The mini-
mum distance between relevé plots was 100 m. The minimum canopy cover was 50%, although for the
majority it was 70% and higher. Only relevés of stands with more than 5 m in height were considered.
Relevés from the literature were taken into consideration only when they could be georeferenced rela-
tively precisely, and when they contained complete species records. A total of 673 relevés was collected
and entered into the Turboveg database (HENNEKENS & SCHAMINEE 2001). The relevés covered most
of the territory of B&H in wich thermophilous deciduous forests occur (see Fig. 1 for their geographical
distribution). Some larger gaps occur in areas that are mine contaminated (mainly the central parts of
the Dinaric and Mediterranean regions). Relevés from the literature, due to the mainly local character of
older vegetation studies, were clustered over a few localities: river canyons (mid-stream Neretva River
(MURATSPAHIC et al. 1991), upper-stream Drina River (STEFANOVIC 1964a, STEFANOVIC &
MANUSEVA 1966) mid-stream Bosna River (around Zenica) (FUKAREK et al. 1974, FUKAREK 1975),
mid-stream Vrbas River) (STEFANOVIC 1989), OsjeCenica and Jadovnik Mts area in western B&H
(STEFANOVIC 1968, BUCALO 1999), Lepenica area (FABUANIC et al. 1963) and Trebevi¢ Mt in central
B&H (STEFANOVIC 1964b) and NP “Sutjeska“ in eastern B&H (FUKAREK 1970b). These nine locali-
ties account for over 90% of relevés from the literature. With field research conducted over the last
several years, we tried to fill the gaps in the available data, sampling mostly in the northern and south-
ern regions of B&H since they were totally uncovered by relevés. In northern B&H this included the
areas of the mountains Crni Vrh, Kozara, Ljubi¢, Majevica, Motajica, Ozren, Pastirevo, Planinica and
Trebava. Most relevés from southern B&H were made in the area of Popovo Polje, Orjen Mt and the
large limestone plateau between Trebinje and Gacko. On the west side of the Neretva River we record-
ed over a large area between Ljubuski, Grude and Posus§je. A considarable number of relevés was made
on western B&H carbonate mountains (Cemernica, Grmeg, Manjaca, Osmaca, Staréevica, Sisa) that are
under certain influence of the Mediterranean climate. Central parts of B&H were not sampled due to the
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already mentioned mine contamination, but also because apart from river canyons, this is a region of
predominantly mesic forests of beech, fir and spruce. In the overall very well covered, but also mine
contaminated, region of eastern B&H we made only a few relevés in order to test some established
concepts and revise some doubtful taxonomic identifications. We also tried to collect at least 10 relevés
from every type, over as large area as possible.

Since many authors did not record mosses, we excluded them from the data set before numerical
analysis. Taxa recorded for more than one layer were merged into a single layer to take account of
inconsistent sampling. Records of species determined to the genus level were deleted. Plant nomencla-
ture followed Flora Europaea (TUTIN et al. 1968—1993). Species not included in this reference but
mentioned in this paper have been listed in the Supplement E1. Species from taxonomically critical
groups that were not always recognized by the relevé authors were combined into aggregates (agg.) and
species that included several subspecies that were not always recorded or recognized by authors were
combined under the abbreviation 's.1.' (sensu lato) and also listed in the Supplement E1. Aristolochia
pallida has been considered to be A. lutea (NARDI 1984) and Teucrium polium to be T. polium subsp.
capitatum (HADZIABLAHOVIC 2010). The dubious taxon Quercus dalechampii was treated as part of
Quercus petraea agg. following DI PIETRO et al. (2012). Woody species recorded for more than one
layer were merged into one layer. Taxa occurring in three or fewer relevés were omitted from the anal-
ysis in order to reduce noise (TSIRIPIDIS et al. 2007).

3.2 Classification

Formalized classification of thermophilous deciduous forests in B&H was performed using the
Cocktail method (BRUELHEIDE 2000). This supervised classification method using sociological species
groups for the construction of formal definitions was applied in JUICE software (TICHY 2002) to the
original set of all 673 relevés, because we were unable to perform stratified resampling of the original
data.

We tried to perform geographical stratification but, since the majority of relevés from the literature
were clustered over nine localities, the stratification resulted in a fairly small number of relevés
resampled. In addition, since the majority of relevés were not assigned to a specific association, geo-
graphical stratification often completely discarded some types, especially those with a smaller number
of relevés. Finally, we decided that stratification based on unsupervised classification methods applied
prior to the supervised classification would not be appropriate. The methods we used to create sociolog-
ical groups and formal definitions followed KOCI et al. (2003). Sociological groups are groups of spe-
cies that tend to occur together in relevés of a large database. If a database covers a broad spectrum of
different habitats and a large geographical area, the species groups obtained are of more general validi-
ty. In our case, since the database only covers one vegetation type, i.e., thermophilous deciduous for-
ests, the validity of species groups is restricted to thermophilous deciduous forests of B&H. We started
the extraction of each group by preselecting one species. After selecting a starting species, we calculat-
ed the phi coefficient (CHYTRY et al. 2002) of the association between each species in the data set and
the group of relevés that contained the starting species. Of the species not belonging to the species
group, we usually chose one with the highest phi value and included it in the group as its next member.
In some cases, a species with second or third highest phi value was included as the next member, par-
ticularly if the species with the highest phi value was already included in another species group or had
several times more or fewer occurrences in the data set than the species already included in the species
group. After including the new species in the species group, the group of relevés was redefined, and the
phi coefficient for all species in the data set and the new group of relevés was recalculated. If the spe-
cies group disintegrated after this step, i.e. some of the species not included in the species group had
a higher phi value than some of the species included, the group was rejected. If the species belonging to
the group had the highest phi values, the group was either accepted or further optimized by including
additional species. The optimization process was stopped if any of the candidate species for addition in
the next step either caused group disintegration or substantially changed the ecological coherence of the
group, or if the number of species in the group reached its maximum (we set it at four). Following
ROLECEK (2007), this rather low number of species was used to receive groups that are ecologically
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homogenous. We thus made 22 species groups, which, together with expert knowledge and the tradi-
tional circumscriptions of target associations, were used for the creation of the formal definitions.
Formal definitions are a set of rules that a particular relevé should fulfil to enter the scope of a particu-
lar association defined by that formal definition. They are basically combinations of occurrences of
sociological species groups and single species dominance values connected by the logical operators
AND, OR and NOT. If the relevé contained at least half of the species from the group, the group was
considered to be contained in a relevé. After several trials and errors, we finally managed to produce 17
formal definitions of traditionally accepted target associations using only 18 out of the initial 22 socio-
logical species groups (Table 1). After formulating all the definitions, we attempted classification of all
673 relevés from the original dataset. Relevés that remained unclassified after Cocktail classification, or
were assigned to two associations due to marginal overlapping of some Cocktail definitions, were
subjected to semi-supervised classification (TICHY et al. 2014). We used a K-means algorithm with 17
a priori defined groups (all groups produced by the Cocktail method) and 18 output groups in case
there was another possible unrecognized association within the group of unclassified relevés. All the
relevés that were classified by the semi-supervised classification were taken into account for the ran-
dom selection of the initial centroids of each a priori defined vegetation type (five relevés to define the
starting centroids and 20 algorithm starts for each type). The Cocktail definition for the new association
that emerged after semi-supervised classification was made a posteriori.

Our decision to accept 18 associations is mainly based on our expert judgement and could undoubt-
edly be argued. The concept of an association in the Central European phytosociological school has
changed over time, from relatively large and broadly defined associations to more narrow units that
were able to provide a more suitable description of the many variations in habitat and geographic loca-
tions (MUELLER-DOMBOIS & ELLENBERG 1974). One possible way of classifying our relevés could
have been lumping into eight to ten broader groups, which would be interpretable using large-scale
ecological (macroclimatic) parameters. However, in that way we would lose a lot of information that
differentiates communities on a more local scale (topographical and geological patterns, management
type etc.), which are very useful on a national scale, e.g., in forest management or nature conservation.
On the other hand, we could have continued splitting some of the vegetation units, using their local
peculiarities (often of a methodological origin) but, at this level of knowledge and available data, it
would probably have led us to associations (or sub-associations) that are poorly defined and hard to
interpret, making them useless in a broader scope. Following BERGMEIER & DIMOPOULOS (2001), we
made what we believe to be a well-founded compromise that provides manageable units for national
and supra-national surveys. Additionally, we tried not to create more confusion in an already tangled
situation in the syntaxonomy of thermophilous deciduous forests in the region, so we made definitions
of associations to be as close to the traditionally accepted vegetation concepts as possible (in B&H and
neighbouring countries) (HORVAT 1938, LAKUSIC et al. 1978, 1982b, LAKUSIC & REDZIC 1991, MU-
RATSPAHIC et al. 1991, SARIC 1997, SKORIC 2006, TRINAJSTIC 2008, REDZIC 2011, VUKELIC 2012,
ToMIC & RAKONJAC 2013), and we disregarded only associations that could not be defined by means
of their own diagnostic species or where no sociological species group or dominant species could be
found to create a formal definition.

For assessment of the quality of the definition of individual associations, we used diagnostic spe-
cies determined by calculating the species' fidelity measure (CHYTRY et al. 2002), for which we used
the phi coefficient in the JUICE 7 program (TICHY 2002). For this purpose we classified associations
into four groups. For each group, relevés that belong to the same association were compared with the
remaining relevés in the group, which were taken as a single undivided group. Each association was
virtually adjusted to 1/(number of associations in the group) of the size of the entire group, while hold-
ing the percentage occurrences of a species within and outside a target association the same as in the
original data set (TICHY & CHYTRY 2006). We also calculated Fischer's exact test and gave a zero
fidelity value to a species with p > 0.001. The threshold phi value for the species to be considered as
diagnostic was set at 0.25.
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Table 1. Sociological groups of species used for the Cocktail definitions of B&H thermophilous decid-

uous forests.

Tabelle 1. Fiir die Cocktail-Definitionen verwendete soziologische Artengruppen der thermophilen

Laubwilder in B&H.

Group

Species

Group Aremonia agrimonoides

Group Asparagus acutifolius

Group Carex pilosa

Group Chamaecytisus austriacus

Group Clematis flammula

Group Cnidium silaifolium

Group Cornus mas

Group Festuca drymeja

Group Galium pseudaristatum

Group Geranium robertianum

Group Geranium sanguineum

Group Hieracium racemosum

Group Luzula luzuloides

Group Lychnis coronaria

Group Melittis melissophyllum

Group Prunus spinosa

Group Teucrium chamaedrys

Group Veronica officinalis

Aremonia agrimonioides, Primula vulgaris, Sanicula
europaea

Asparagus acutifolius, Juniperus oxycedrus, Paliurus
spina-christi, Ruscus aculeatus

Acer tataricum, Carex pilosa, Epimedium alpinum,
Tilia tomentosa

Chamaecytisus austriacus, Chamaespartium sagittale,
Hieracium praealtum subsp. bauhinii, Poa nemoralis

Clematis flammula, Phillyrea latifolia, Pistacia
terebinthus, Rubus ulmifolius

Bunium alpinum subsp. montanum, Carex humilis,
Cnidium silaifolium, Thymus longicaulis

Buglossoides purpurocaerulea, Cornus mas, Euonymus
verrucosus, Viburnum lantana

Festuca drymeja, Galium schultesii, Lathyrus vernus,
Symphytum tuberosum

Physospermum cornubiense, Galium pseudaristatum,
Agrimonia eupatoria

Arabis turrita, Asarum europaeum, Asplenium
trichomanes, Geranium robertianum

Betonica officinalis, Filipendula vulgaris, Geranium
sanguineum, Trifolium alpestre

Cephalanthera longifolia, Chamaecytisus hirsutus agg.,
Hieracium racemosum, Silene nutans

Genista tinctoria, Hieracium murorum, Luzula luzuloides,
Pteridium aquilinum

Aira elegantissima, Genista pilosa, Lychnis coronaria,
Vulpia myuros

Lathyrus niger, Melittis melissophyllum, Sorbus
torminalis, Tanacetum corymbosum

Acer campestre, Crataegus monogyna, Ligustrum vulgare,
Prunus spinosa

Bromus erectus agg., Dorycnium pentaphyllum subsp.
germanicum, Teucrium chamaedrys

Avenella flexuosa, Hieracium pilosella, Hieracium
sabaudum, Veronica officinalis

92



3.3 Nomenclature of syntaxa

Syntaxonomical nomenclature, as well as descriptions of new syntaxa, strictly followed the rules of
ICPN (WEBER et al. 2000). The correct name was determined for every association in their orthograph-
ically correct form according to ICPN Art. 41. The accepted names of associations that contained only
the genus name(s) in the original diagnosis were supplemented with species epithets in accordance with
Recommendation 10c of the Code. All synonyms older than the respective accepted name include a
reference to the article and paragraph of the Code according to which the name must be rejected. This
was not done in case of synonyms that were younger than the accepted names because such names were
not candidates for the correct name due to the priority principle. Lists of synonyms also included fre-
quently used pseudonyms, i.e., names of syntaxa used with the original author citation, but misinter-
preted by later authors. Pseudonyms were cited with the name of the misinterpreting author, preceded
by the word sensu, and followed by the name of the author of the original description after the word
non. For every accepted correct name, the original name as given in the original diagnosis was provid-
ed. The dates of effective publication of syntaxa were taken from the papers in which they were validly
published, regardless of possible different indications reported by the authors in the papers. Doctoral or
master theses that were not available in libraries were not considered to be effective publications. Lec-
totypes and neotypes were chosen for syntaxa not yet typified. For invalidly published syntaxa accord-
ing to Article 5, holotypes were indicated. When the name of a syntaxon was published by an author
without a sufficient original diagnosis, that syntaxon was considered to be nomen nudum. A modified
form of the name, i.e., nomen mutatum, was used as a replacement for a syntaxon name that was origi-
nally formed from the names of taxa not used in recent taxonomic and floristic literature, with syntaxon
names that include the names of taxa that are in accordance with contemporary taxonomic literature.
Diagnoses of new associations were accompanied by a description of the association and a phytosocio-
logical table with holotype indicated. Assignment of the species to syntaxonomic groups in phytosocio-
logical tables was done according to POLDINI (1989) and VUKELIC (2012).

Abbreviations: Art. = article of ICPN; ass. nov. = associatio nova; Bas. = basionym; nom. illeg. =
nomen illegitimum; nom. ined. = nomen ineditum; nom. inval. = nomen invalidum; nom. nud. = nomen
nudum; nom. superf. = nomen superfluum; nom. mut. = nomen mutatum; Orig. = original form of the
valid syntaxon name; rel. = relevé; Syn. = synonym; Tab. = phytocoenological table in the publication.

4. Results

Thermophilous deciduous forests of B&H were formally classified by Cocktail defini-
tions into 17 target associations, to which 483 relevés of the original data set were classified.
Semi-supervised classification classified the remaining 190 unclassified relevés into 17
target associations, and additionally yielded one more ecologically and floristically well
defined group, which was recognized as a new association, and described as Aceri obtusati-
Quercetum petraeae. Because the primary aim of this paper was formally to classify ther-
mophilous deciduous forests in B&H at the association level, we did not consider their as-
signment to alliances, which would require a broader regional survey that exceeds the scope
of this study. The associations were rather grouped following the criterion of dominant spe-
cies in a tree layer, in order to present differences in floristic composition between associa-
tions of the same type, i.e., dominated by the same tree species. All associations were sepa-
rated into four groups: (i) group of associations dominated by Quercus pubescens and/or
Carpinus orientalis, (ii) group of associations dominated by Ostrya carpinifolia, (iii) group
of associations dominated by Quercus frainetto and/or Quercus cerris and (iv) group of
associations dominated by Quercus petraea agg. Apart from the brief description of each
association given below, synoptic tables (Tables 2-5) show floristic differences and similari-
ties between associations within different groups. The distribution of the relevés of the dif-
ferent associations is given in a map (Fig. 2). Altitudinal zonation and distribution of associ-
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ations across the biogeographical regions in B&H is given in Figure 3. The largest number
of associations (13) occurs in the Mediterranean region; the Dinaric and Pre-Pannonian
regions harbour ten associations each, while there are only five associations in the Transi-
tional Illyrian-Moesian region. The biggest altitudinal range, with the highest altitudes of
relevés, occurs in the Mediterranean region (130-1030 m), followed by the Dinaric
(310-1000 m), Transitional Illyrian-Moesian (190-880 m) and Pre-Pannonian (250-780 m).
An ecogram displaying the relative ecological range of each association along soil pH and
moisture gradients is shown in Figure 4.

4.1 Group of associations dominated by Quercus pubescens and/or Carpinus orientalis
(Table 2)

4.1.1 Querco pubescenti-Carpinetum orientalis Horvati¢ 1939 (Table 2, column 1)

Orig. (HORVATIC 1939): Asocijacija Quercus lanuginosa-Carpinus orientalis

Syn.: Carpinetum orientalis croaticum Horvatic 1939 nom. illeg. [Art. 34a], Carpinetum orientalis
adriaticum Horvat et al. 1974 nom. illeg. [Art. 34a]

Neotypus hoc loco: tree layer: Quercus pubescens 4; upper shrub layer: Carpinus orientalis 5, Fraxinus
ornus 1, Cornus mas 1, Pistacia terebinthus +; lower shrub layer: Ruscus aculeatus 2, Asparagus acuti-
folius 1, Carpinus orientalis 1, Hedera helix 1, Cornus mas 1, Fraxinus ornus 1, Quercus pubescens 1,
Sorbus torminalis 1, Frangula rupestris +, Clematis flammula r, Crataegus monogyna t, Juniperus
oxycedrus t, Celtis australis t, Paliurus spina-christi r; herb layer: Brachypodium sylvaticum +, Carex
halleriana +, Dictamnus albus +, Viola hirta +, Sesleria autumnalis +, Oenanthe pimpinelloides +,
Acanthus spinosus t, Salvia pratensis t.

Relevé details: B&H, southern Herzegovina, between Ljubuski and Citluk, date 2014/07/23, author
Vladimir Stupar, relevé area 400 mz, altitude 180 m, slope 0°, limestone, deeper calcocambisol, 5%
bare rock, cover tree layer 70%, cover upper shrub layer 90%, cover lower shrub layer 30%, cover herb
layer 5%, lat. 43.199475, lon. 17.603471, GIVD EU-BA-001 (Global Index of Vegetation-Plot Data-
bases) relevé number 323.

Note: This association was published with a synoptic table (HORVATIC 1939). Since there were no
representative relevés of this association in published sources to which to refer, we selected a repre-
sentative unpublished relevé.

Cocktail definition: Quercus pubescens >25% AND (Group Asparagus acutifolius OR Group Clematis
flammula)

This is a zonal association of the submediterranean region of B&H, Montenegro and
Croatia (Fig. 2a). In B&H it occurs in southernmost parts of the Mediterranean region
(Bile¢a, Citluk, Hamzi¢i, Klobuk, Kravice, Ljubinje, Ljubuski, Medugorje, Popovo Polje,
Prapratnica, Trebinje etc.). Typical stands are of closed canopy, dominated by Quercus
pubescens in the tree layer, often with an admixture of Carpinus orientalis, sometimes with
Quercus cerris and rarely Quercus frainetto, while in the understory, Carpinus orientalis
and Fraxinus ornus dominate over Acer monspessulanum, Cornus mas, Paliurus spina-
christi, Frangula rupestris and Pistacia terebinthus. The lower shrub layer is abundant with
Mediterranean evergreen elements, such as: Asparagus acutifolius, Juniperus oxycedrus,
Phillyrea latifolia, Ruscus aculeatus and deciduous Clematis flammula and Rubus ulmifoli-
us. Hedera helix is very frequent in these stands, which indicates increased humidity. The
herb layer is typically of low coverage (5-20%) due to the poor light conditions. The most
abundant are thermophilous nemoral species: Carex halleriana, Carex flacca s.l., Potentilla
micrantha, Ptilostemon strictus, Sesleria autumnalis, Tamus communis and Viola hirta agg.,
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but there are also some mesophilous species with a high frequency, e.g.,: Brachypodium
sylvaticum, Dactylis glomerata s.1. and Veronica chamaedrys. It occupies all aspects at alti-
tudes between 100 and 600 m, on flat to moderate slopes, over limestone and dolomite with
typically deeper but always rocky soils. In B&H, this type of forest has only been studied
once from the aspect of forest typology (STEFANOVIC et al. 1977b) and no phytosociological
relevés were provided. They are frequently degraded high forests, much less coppices, some-
times used as wood pasture.

4.1.2 Rusco aculeati-Carpinetum orientalis Blecié¢ et Lakusi¢ 1967 (Table 2, column 2)

Orig. (BLECIC & LAKUSIC 1967): Rusco-Carpinetum orientalis
non: Rusco aculeati-Carpinetum orientalis Quézel, Barbéro and Akman 1980 nom. illeg. [Art 31]
Typus: BLECIC & LAKUSIC 1967, Table on page 95, rel. 32 — lectotypus hoc loco

Cocktail definition: Carpinus orientalis >10% NOT (Quercus pubescens >10% OR Quercus cerris
>10% OR Quercus frainetto >10% OR Ostrya carpinifolia >10%) AND (Group Asparagus acutifolius
OR Group Clematis flammula)

This association consists of closed to semi-open scrub that is the secondary succession
stage of Querco-Carpinetum orientalis. It is widely distributed in southern B&H (Fig. 2b;
the Neretva River canyon, Grude, Hamzi¢i, Kravice, Popovo Polje, Posusje etc.). It occurs
on limestone or dolomite, in an altitudinal range from 100-400 m, regardless of aspect, on
flat to moderate slopes. It completely lacks a tree layer and Quercus pubescens is found only
occasionally in the shrub layer as the remnant of the original forest. The upper shrub layer is
absolutely dominated by Carpinus orientalis accompanied by Fraxinus ornus. The high
abundance of Paliurus spina-christi and Petteria ramentacea indicates its syngenetical con-
nection to submediterranean Sibl/jak vegetation. Another difference with Querco-Carpinetum
orientalis is that it completely lacks mesophilous forest species. It is formed by the initial
cutting of Quercus pubescens from the tree layer and later coppicing of Carpinus orientalis
scrub which, because of the great sprouting capacity of this species, hampers progressive
succession towards Querco-Carpinetum orientalis. Another path of establishment of this
association is progressive succession of vegetation after fires or clear cuts. This community
therefore harbours a number of species of open rocky habitats, such as: Aethionema saxatile,
Asperula purpurea, Bupleurum baldense subsp. gussonei, Melica ciliata, Satureja mon-
tana s.1. It is degraded coppice, with intensive use as wood pasture.

4.1.3 Carici hallerianae-Quercetum pubescentis ass. nov. hoc loco (Table 2, column 3)

Syn.: Orno-Quercetum pubescentis Lakusi¢ et al. 1991 nom. nud. [Art. 2b]
Typus: Supplement S1, rel. 4 — holotypus hoc loco
Cocktail definition: ((Quercus pubescens >25% AND Carpinus orientalis >5%) NOT Ostrya carpini-

folia >5%) NOT (Group Asparagus acutifolius OR Group Clematis flammula OR Group Cnidium
silaifolium)

This is an extrazonal, continental type of Quercus pubescens and Carpinus orientalis
forests. It develops in central B&H, in the zone in which Continental and Mediterranean
climates overlap, in the southern foothills of the Dinaric Alps or in the proximity of river
canyons (Fig. 2c; River Ribnik valley, River Unac valley, River Vrbas mid-stream valley,
Grme¢ Mt, Manjaca Mt, Mesihovina, Posusje etc.). It develops at altitudes of 300-900 m, on
moderate slopes (15-20°) and mainly southern and western aspects. The bedrock is lime-
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stone or dolomite and soils are of moderate depth. The tree layer is dominated by Quercus
pubescens, sometimes accompanied by Quercus cerris or Quercus petraea. Carpinus orien-
talis dominates the shrub layer, always accompanied by Fraxinus ornus. Other important
shrub species are mainly of thermophilous character: Acer monspessulanum, Coronilla
emerus s.1, Cornus mas, Crataegus monogyna, Euonymus verrucosus, Ligustrum vulgare,
Lonicera etrusca, Rosa arvensis and Sorbus torminalis. Average coverage of the herb layer
is more than 50%, and Sesleria autumnalis is most abundant. Other important species of the
herb layer are thermophilous: Asperula cynanchica, Brachypodium pinnatum s.l., Bromus
erectus agg., Campanula persicifolia, Carex halleriana, Festuca pseudovina agg., Teucrium
chamaedrys, Viola hirta agg. etc. Mesophilous species are rare and with low cover: Brachy-
podium sylvaticum, Cruciata glabra, Dactylis glomerata s.l. and Veronica chamaedrys.
Although this association is relatively common, it had only previously been mentioned once,
as "continental Orno-Quercetum pubescentis" (MURATSPAHIC et al. 1991). The reason for
the neglect of this type of forest in the past may be its low economic value and relatively
modest area of recent distribution (owing to the high degree of anthropogenic degradation).
They are mainly degraded high forests and coppices, frequently used as wood pasture. The
floristic composition of this association is shown in Supplement S1.

4.1.4 Cruciato glabrae-Carpinetum orientalis Sugar et Trinajsti¢ ex Stupar et al. ass.
nov. hoc loco (Table 2, column 4)

Syn.: Carpinetum orientalis illyricum Fabijani¢ 1960 nom. ined. [Art. 1], Carpinetum orientalis illyri-
cum Stefanovi¢ 1961 nom. ined. [Art. 1], Orno-Carpinetum orientalis Fabijani¢ et al. 1963 nom. inval.
[Art. 3b], Carpinetum orientalis illyricum Stefanovi¢ 1977 nom. illeg. [Art. 34a], Carpinetum betuli-
orientalis Lakusi¢, Pavlovi¢, Abadzi¢, et al. 1982 nom. inval. [Art. 5], Cruciato glabrae-Carpinetum
orientalis Sugar et Trinajsti¢ 1982 nom. nud. [Art. 2b], Cruciato glabrae-Carpinetum orientalis Sugar
et Trinajstic 1988 nom. inval. [Art. 5], Fraxino orni-Carpinetum orientalis (Fabijani¢ et al. 1963)
Stefanovi¢ 1988 [recte 1989] nom. inval [Art. 5], Rusco aculeati-Carpinetum orientalis continentale
Lakusi¢ et Redzi¢ 1991 nom. nud.

Typus: SUGAR & TRINAJSTIC 1988, Tab. 1, rel. 6 - holotypus hoc loco

Cocktail definition: Carpinus orientalis >25% NOT (Quercus cerris >10% OR Quercus petraea agg.
>10% OR Quercus pubescens >10% OR Quercus frainetto >10% OR Ostrya carpinifolia >10% OR
Group Asparagus acutifolius OR Group Clematis flammula)

This association is widespread in the central belt of B&H (Dinaric and Transitional Illyr-
ian-Moesian regions) under similar conditions as Carici hallerianae-Quercetum pubescentis
(Fig. 2d). It is largely a secondary succession stage of the former association, but can also
appear on sites of Quercetum frainetto-cerris carpinetosum orientalis, Fraxino orni-
Quercetum cerridis carpinetosum orientalis, Lathyro nigri-Quercetum petraeae or Aceri
obtusati-Quercetum petraeae. It is also known from Croatia (Lika) (SUGAR & TRINAISTIC
1988). The altitudinal range is from 300-900 m, on primarily south and west facing mild to
steep slopes. The bedrock is mainly limestone and dolomite, with the exception of several
stands from E. B&H, which are found on siliceous sandstone. Oaks are found only in the
juvenile form in the understory. The herb layer consists of thermophilous species such as:
Buglossoides purpurocaerulea, Campanula persicifolia, Carex halleriana, Festuca hetero-
phylla, Lathyrus niger, Lathyrus venetus, Melittis melissophyllum, Potentilla micrantha,
Sesleria autumnalis, Tamus communis, Tanacetum corymbosum and Viola hirta agg., but
also mesophilous: Aremonia agrimonoides, Brachypodium sylvaticum, Cruciata glabra,
Dactylis glomerata s.l., Helleborus odorus, Primula vulgaris and Veronica chamaedrys.
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However, cover of the herb layer is fairly low; in some stands it does not exceed 5%. This is
largely due to the closed canopy formed by Carpinus orientalis, which does not allow much
light to get to the ground. Stands are in the form of degraded coppice, frequently used as
wood pastures.

4.1.5 Seslerio autumnalis-Quercetum pubescentis Zupancic 1999 (Table 2, column 5)

Orig. (ZUPANCIC 1999): Seslerio autumnalis-Quercetum pubescentis ass. nova
Syn.: Quercetum montanum submediterraneum Fukarek 1970 p.p. nom. nud. [Art. 2b]
non: Seslerio autumnalis-Quercetum pubescentis Trinajsti¢ 2008 nom. illeg. [Art. 31]

Cocktail definition: (Quercus pubescens >25% NOT (Carpinus orientalis >5% OR Quercus cerris
>50%)) AND Sesleria autumnalis >1%) AND (Group Cnidium silaifolium OR Group Geranium san-
guineum)

This submediterranean association is known from SW Slovenia (Kras) (ZUPANCIC 1999),
where it is found on flysch. While there it is found at lower altitudes (50-300 m) and is
considered to be a secondary succession stage, in Herzegovina (the mountains Bijela Gora,
Cincar, and Orjen; around Bile¢a, Gacko, Grude, Posusje, Siroki Brijeg etc.) it occurs at
much higher elevations (700-1000 m), where it forms an altitudinal belt between Querco-
Carpinetum orientalis and beech forests (Fig. 2e). It can be found on moderate slopes of all
aspects, where it is bound to deeper soil on limestone or dolomite. This Quercus pubescens
forest is often accompanied by Quercus cerris. The main feature in the shrub layer is the
absence of Carpinus orientalis, which appears only sporadically in the lower shrub layer,
with low cover. The shrub layer is dominated by Fraxinus ornus and Acer obtusatum and
much less by Acer monspessulanum. The herb layer is very abundant (over 75% of cover),
with a dominance of Sesleria autumnalis, accompanied by submediterranean species: Buni-
um alpinum subsp. montanum, Cnidium silaifolium, Thymus longicaulis and some endemics,
such as Genista sylvestris subsp. dalmatica and Helleborus multifidus. Other important
species include those of forest fringes and more open habitats, such as: Betonica officinalis,
Brachypodium pinnatum s.1., Carex humilis, Filipendula vulgaris, Geranium sanguineum,
Trifolium alpestre etc. and also thermophilous nemoral species: Clinopodium vulgare,
Lathyrus niger, Tanacetum corymbosum, Teucrium chamaedrys, Viola hirta agg. etc. Some-
times degraded high forests or coppice, very often used as wood pasture.

4.1.6 Aristolochio luteae-Quercetum pubescentis (Horvat 1959) Poldini 2008
(Table 2, column 6)

Orig. (POLDINI 2008): Aristolochio luteae-Quercetum pubescentis (Horvat 1959) Poldini, nom. nov.
hoc loco

Bas.: Seslerio autumnalis-Ostryetum carpinifoliae quercetosum pubescentis Horvat et Horvati¢ in
Horvat 1950 ex Horvat 1959

Syn.: Ostryo-Quercetum pubescentis (Horvat 1959) Trinajstic 1977 nom. illeg. [Art. 32d], Seslerio
autumnalis-Quercetum pubescentis Trinajstic 2008 non Zupanci¢ 1999 nom. illeg. [Art. 31], Fraxino
orni-Ostryetum carpinifoliae Braun-Blanquet 1961 nom. illeg. [Art. 31]

Cocktail definition: Ostrya carpinifolia >5% AND Quercus pubescens >5% AND Group Cnidium
silaifolium

This association was described from Croatia under the name of Ostryo-Quercetum pu-
bescentis (TRINAJSTIC 1977), and considered to be transitional association between Querco
pubescenti-Carpinetum orientalis and Seslerio-Ostryetum. We encountered only six relevés
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Table 2. Synoptic table for the group of associations dominated by Quercus pubescens and/or Carpinus
orientalis: QpC, Querco pubescenti-Carpinetum orientalis; RuC, Rusco aculeati-Carpinetum oriental-
is; CaQ, Carici hallerianae-Quercetum pubescentis; CrC, Cruciato glabrae-Carpinetum orientalis;
SeQ, Seslerio autumnalis-Quercetum pubescentis; ArQ, Aristolochio luteae-Quercetum pubescentis;
AsQ, Asparago tenuifolii-Quercetum pubescentis. Frequency values of species are shown; species
diagnostic for the association (phi values > 0.25) are shaded. Only ten diagnostic species with the
highest fidelity and more than 20% frequency are shown for each association. Woody species that
occurred in more than one layer were merged into one line.

Tabelle 2. Ubersichtstabelle fiir die Gruppe der von Quercus pubescens und/oder Carpinus orientalis
dominierten Assoziationen. Abkiirzungen der Assoziationen s. o. Angegeben sind die Stetgkeiten der
Arten (in %); diagnostische Arten fiir die jeweilige Assoziation (phi-Werte > 0,25) sind durch einen
grauen Hintergrund markiert. Nur die zehn diagnostischen Arten mit der hchsten Treue und mehr als
20 % Stetigkeit sind fiir jede Assoziation aufgefiihrt. Gehdlze, die in mehr als einer Schicht vorkamen,
wurden in einer Zeile zusammengefasst.

Association QpC RuC CaQ CrC SeQ ArQ AsQ
Number of relevés 28 21 25 118 35 6 23
Cornus mas 82 38 56 59 31 33 48
Juniperus oxycedrus 68 14 . 2 9

Carex halleriana 64 . 36 8 23 .
Frangula rupestris 50 24 20 6 23 17 .
Acer monspessulanum 54 81 32 27 40 33 4
Petteria ramentacea 29 62 4 2 20

Viola reichenbachiana 4 38 4 14 3 . .
Melica ciliata 14 33 4 7 3 . 4
Bupleurum baldense subsp. gussonei . 24 . 5

Cyclamen repandum 7 24 . . . .
Acer campestre 14 10 60 40 6 . 52
Festuca heterophylla 14 10 52 25 20 . 43
Euonymus verrucosus 11 5 48 42 9 17 9
Lonicera etrusca 11 10 40 1 20 33 .
Campanula persicifolia . . 40 13 17 . 17
Veratrum nigrum . . 28 8 . 17 4
Asperula cynanchica 11 . 24 2 3

Serratula tinctoria . . 24 3 9 . 4
Ligustrum vulgare 7 24 44 67 . 33 39
Thymus pulegioides . 19 16 52 6 17 22
Glechoma hirsuta . 5 24 47 . . 17
Viburnum lantana . . 24 37 . . 13
Cyclamen purpurascens . . 4 36 . . 4
Trifolium alpestre 7 . 28 10 77 33 22
Quercus cerris 46 . 44 26 74 33 30
Betonica officinalis 32 24 24 17 71 33 26
Filipendula vulgaris 18 19 16 19 63 33 39
Helleborus multifidus 25 5 24 6 49 . 17
Luzula multiflora . . . . 31 17 4
Inula salicina 7 . . 3 26 . 4
Ostrya carpinifolia 4 19 24 41 17 100 17
Acer obtusatum 4 5 52 47 54 83 17
Hieracium tommasinianum 25 10 20 . 43 83
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Association

QpC RuC CaQ CrC SeQ ArQ AsQ

Number of relevés 28 21 25 118 35 6 23
Bunium alpinum subsp. montanum 18 4 43 67 4
Asperula scutellaris 7 . . 17 67
Cotoneaster nebrodensis 4 1 3 50
Serratula cetinjensis 14 50

Scilla lakusicii . 9 33 .
Rosa tomentosa 4 . 3 33 4
Centaurea triumfettii . . . 3 11 33 .
Brachypodium sylvaticum 57 19 52 30 20 91
Prunus spinosa 7 19 16 29 6 65
Carex flacca s.l. 39 10 16 3 11 61
Fragaria moschata 7 12 2 6 48
Rubus canescens 4 . 4 5 3 43
Pteridium aquilinum 5 8 15 39
Carpinus betulus 20 15 35
Tilia tomentosa 8 . . 30
Carex montana . 1 6 22
Astragalus glycyphyllos . . 8 4 . 22
Asparagus acutifolius 79 67 . 2 3

Ruscus aculeatus 64 71 12 17

Paliurus spina-christi 46 81 2 .

Rubus ulmifolius 46 76 . 2 6 .
Clematis flammula 39 38 8 6 17
Phillyrea latifolia 36 29 . .

Pistacia terebinthus 32 43 . 2 3 .

Sesleria autumnalis 75 100 72 67 97 67 .
Cruciata glabra 4 5 72 42 14 61
Sorbus torminalis 14 5 72 32 20 . 57
Rosa arvensis 14 68 42 29 17 74
Prunus avium . 32 9 3 35
Helleborus odorus 5 44 56 . . 70
Geranium sanguineum . 5 16 16 71 83 9
Cnidium silaifolium 7 . 4 . 69 83 4
Carex humilis 32 14 20 14 66 83 9
Thymus longicaulis 7 5 8 3 46 67 4
Carpinus orientalis 79 100 100 100 29 . .
Quercus pubescens agg. 100 62 100 55 100 100 100
Fraxinus ornus 100 86 96 95 94 100 91
Viola hirta agg. 93 57 60 50 71 50 26
Brachypodium pinnatum s.1. 54 71 48 10 83 67 70
Dactylis glomerata s.1. 50 43 52 30 40 33 43
Hedera helix 50 52 24 36 3 . 35
Bromus erectus agg. 46 14 40 31 46 33 13
Tamus communis 46 52 60 27 20 17 61
Crataegus monogyna 43 71 88 73 51 50 83
Teucrium chamaedrys 39 67 48 61 63 83 70
Festuca pseudovina agg. 36 10 28 9 51 50 9
Asperula purpurea 36 38 16 26 29 17 13
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Association QpC RuC CaQ CrC SeQ ArQ AsQ

Number of relevés 28 21 25 118 35 6 23
Vincetoxicum hirundinaria 36 5 8 27 26 . 43
Veronica chamaedrys 32 14 32 25 11 33 22
Thalictrum minus 29 5 16 5 43 33 4
Lathyrus venetus 29 19 36 22 29 33 35
Potentilla micrantha 25 38 40 43 26 . 26
Coronilla emerus s.1. 21 29 24 23 9 17 4
Asplenium ceterach 21 33 4 26 . .

Clematis vitalba 18 52 24 32 3 . 52
Melittis melissophyllum 14 . 40 33 23 33 30
Euphorbia cyparissias 14 . 28 34 29 17 35
Cotinus coggygria 14 . 16 32 14 . 17
Dorycnium pentaphyllum subsp. germanicum 11 . 24 19 26 33 48
Tanacetum corymbosum 11 5 48 23 34 33 35
Galium lucidum 11 . 24 40 17 17 22
Buglossoides purpurocaerulea 11 14 36 19 26 17 43
Lathyrus niger 7 . 36 11 43 17 35
Aremonia agrimonoides 4 . 48 27 20 33 30
Iris graminea . . 28 8 17 17 35
Quercus petraea agg. . . 32 36 3 17 30
Calamintha sylvatica . 38 12 31 . . 30

that fit the original diagnosis and all are from southern B&H (Orjen Mt), where this forest
alternates with Seslerio-Quercetum pubescentis, between 900 and 1000 m on rockier and
shallower soils of moderate slopes and predominantly eastern aspect (Fig. 2f). Quercus
pubescens and Ostrya carpinifolia dominate the tree layer, with an admixture of Fraxinus
ornus and Acer obtusatum. The herb layer is composed of Bunium alpinum subsp. monta-
num, Carex humilis, Cnidium silaifolium, Geranium sanguineum, Hieracium tom-
masinianum, Sesleria autumnalis, Teucrium chamaedrys etc. Degraded coppice, often used
as wood pasture.

4.1.7 Asparago tenuifolii-Quercetum pubescentis Lakusi¢ et RedZi¢ 1991
(Table 2, column 7)

Orig. (LAKUSIC & REDZIC 1991): Asparago-Quercetum pubescentis ass. nova

Cocktail definition: (Quercus pubescens >25% AND (Group Cornus mas OR Group Prunus spinosa))
NOT (Carpinus orientalis >0% OR Sesleria autumnalis >0% OR Ostrya carpinifolia >5% OR Quercus
cerris >50%)

This forest of Quercus pubescens also lacks Carpinus orientalis, but is differentiated
from the submediterranean Seslerio autumnalis-Quercetum pubescentis by the absence of
Sesleria autumnalis and all other submediterranean species. It is found in northern Bosnia,
where it is bound to several localities with southerly exposed limestone outcrops on mild to
moderate slopes and altitudes from 300-900 m (Grme¢, Kozara, Majevica, Manjaca and
Ozren Mts) (Fig. 2g). Quercus cerris and Quercus petraea agg. are sometimes admixed in
the tree layer. The understory is dominated by Fraxinus ornus, Sorbus torminalis, Acer
campestre and sometimes Carpinus betulus, Tilia tomentosa and Acer obtusatum. The shrub
layer is composed of mainly mesophilous species: Clematis vitalba, Crataegus monogyna,
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Ligustrum vulgare, Prunus spinosa, Pyrus pyraster, Rosa arvensis and, in some relevés,
thermophilous species, such as Cornus mas and Rubus canescens. The herb layer is a mix-
ture of thermophilous and mesophilous species: Brachypodium pinnatum s.1., Brachypodium
sylvaticum, Buglossoides purpurocaerulea, Carex flacca s.l., Cruciata glabra, Dactylis
glomerata s.l., Festuca heterophylla, Fragaria moschata, Helleborus odorus, Symphytum
tuberosum, Tamus communis, Teucrium chamaedrys, Vincetoxicum hirundinaria etc. There
was only one relevé previously recorded in B&H that fits the definition (LAKUSIC & REDZIC
1991). It was at that time recognized as a new association and validly named Asparago tenu-
ifolii-Quercetum pubescentis, and although it is located further to the south (near Ribnik on
the Sana River) and Asparagus tenuifolius occurs in only two relevés of this group, it other-
wise floristically matches the stands from northern B&H, so we kept this name for the asso-
ciation. They are degraded high forests or coppice, frequently used as wood pasture. The
floristic composition of this association is shown in Supplement S2.

4.2 Group of associations dominated by Ostrya carpinifolia (Table 3)

4.2.1 Seslerio autumnalis-Ostryetum carpinifoliae Horvat et Horvati¢ ex Horvat 1959
(Table 3, column 1)

Orig. (HORVAT 1959): Seslerieto-Ostryetum
Syn.: Ostryeto-Seslerietum autumnalis Horvat et Horvati¢ in Horvat 1950 nom. inval. [Art. 2b; 3b]
Typus: BUCALO 1999, Tab. 2, rel.8 - neotypus hoc loco

Note: This association was validly published with a synoptic table (HORVAT 1959), so we selected a
representative published relevé of this association as a neotype.

Cocktail definition: Ostrya carpinifolia >25% NOT (Group Geranium robertianum OR Quercus pet-
raea agg. >5% OR Quercus pubescens >5% OR Quercus cerris >10%)

This association was described from the submediterranean Dinaric Alps as an altitudinal
belt between Querco pubescenti-Carpinetum orientalis and thermophilous beech forests
(HORVAT 1950). However, in addition to the Mediterranean region (the mountains Bijela
Gora, Ilija, Orjen and Vidusa) in B&H it also occurs further inland (Dinaric and Pre-
Pannonian regions), where it is found on limestone and dolomite, on moderate to very steep
slopes and primarily southern aspects beneath thermophilous beech forests (mountains
Cemernica, Grmeg¢, Igman, Jadovnik, Kozara, Magli¢, Ozren, Trebevi¢ etc.; Fig. 2h). The
altitudinal range is between 600 and 1200 m. These are mainly low forests dominated by
Ostrya carpinifolia in the tree layer, always accompanied by Fraxinus ornus and often by
Acer obtusatum and Sorbus aria. Much rarer, but still frequent are Quercus petraea agg.,
Q. pubescens and Q. cerris. The main feature of the herb layer is Sesleria autumnalis ac-
companied by xerothermophilous species Carex humilis, Galium lucidum, Origanum vul-
gare, Polygonatum odoratum, Stachys recta, Tanacetum corymbosum, Teucrium chamae-
drys, Thymus pulegioides, Vincetoxicum hirundinaria etc. Mesophilous species are rare and
connected to two fairly mesophilous variants: subass. coryletosum colurnae and subass.
tilietosum (FUKAREK 1970b), which are probably related to thermophilous beech forests of
Seslerio-Fagetum and Tilio-Acerion ravine forests. Accessible stands are mainly used as
irregular coppices with little importance to forestry.
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Table 3. Synoptic table for the group of associations dominated by Ostrya carpinifolia: SeO, Seslerio
autumnalis-Ostryetum carpinifoliae; RuO, Rusco aculeati-Ostryetum carpinifoliae; QuO, Querco
pubescenti- Ostryetum carpinifoliae. Frequency values of species are shown; species diagnostic for the
association (phi values > 0.25) are shaded. Only ten diagnostic species with the highest fidelity and
more than 20% frequency are shown for each association. Woody species that occurred in more than
one layer were merged into one line.

Tabelle 3. Ubersichtstabelle fiir die Gruppe der von Ostrya carpinifolia dominierten Assoziationen.
Abkiirzungen der Assoziationen s.o. Angegeben sind die Stetgkeiten der Arten (in %); diagnostische
Arten fiir die jeweilige Assoziation (phi-Werte > 0,25) sind durch einen grauen Hintergrund markiert.
Nur die zehn diagnostischen Arten mit der hochsten Treue und mehr als 20 % Stetigkeit sind fiir jede
Assoziation aufgefiihrt. Geholze, die in mehr als einer Schicht vorkamen, wurden in einer Zeile zu-
sammengefasst.

Association SeO RuO QuO
Number of relevés 51 19 19
Sesleria autumnalis 94 68 16
Sorbus aria 76 63 21
Origanum vulgare 51 16 16
Quercus petraea agg. 49 21 21
Trifolium rubens 35 . 21
Thalictrum minus 31

Convallaria majalis 31 11 5
Scabiosa cinerea 29 5 5
Melica ciliata 22 5 .
Asplenium trichomanes 24 95 21
Fragaria vesca 35 79 16
Mpycelis muralis 6 74 11
Cyclamen purpurascens 20 68 16
Carex digitata 18 68 11
Valeriana officinalis 8 68 5
Geranium robertianum 4 63 21
Asplenium ruta-muraria 8 53
Lamiastrum galeobdolon s.1. 8 47 5
Moehringia muscosa 8 42 .
Quercus pubescens agg. 24 16 100
Tamus communis 18 32 63
Glechoma hirsuta 4 21 58
Anthericum ramosum 12 . 53
Dorycnium pentaphyllum subsp. germanicum 16 11 42
Coronilla varia 8 11 37
Genista tinctoria 6 . 37
Silene nemoralis 2 5 37
Clematis recta 4 32
Campanula bononiensis 4 . 26
Ostrya carpinifolia 100 100 100
Fraxinus ornus 100 100 100
Galium lucidum 75 37 79
Teucrium chamaedrys 73 21 74
Acer obtusatum 57 74 37
Tanacetum corymbosum 51 37 74
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Association SeO RuO QuO

Number of relevés 51 19 19
Vincetoxicum hirundinaria 49 37 63
Crataegus monogyna 45 47 74
Euphorbia cyparissias 45 11 58
Brachypodium pinnatum s.. 41 21 63
Euonymus verrucosus 39 68 32
Melittis melissophyllum 39 37 58
Potentilla micrantha 37 63 32
Coronilla emerus s.1. 25 58 5

Asplenium ceterach 24 53 5

Bromus erectus agg. 24 11 37
Juniperus communis 20 5 37
Clematis vitalba 18 74 53
Carpinus orientalis 18 63 16
Carex flacca s.1. 16 5 32
Primula vulgaris 14 47 16
Campanula persicifolia 14 32 53
Lonicera xylosteum 10 42 .

Melica uniflora 8 42 26
Achnatherum calamagrostis 8 42 16
Saxifraga rotundifolia 8 37 .

Hepatica nobilis 8 32 5

Arabis turrita 6 58 21
Asarum europaeum 6 58 21
Brachypodium sylvaticum 4 47 42
Digitalis grandiflora 4 21 26
Stellaria holostea 2 32 37
Campanula trachelium 2 32 32
Polypodium vulgare 2 32

4.2.2 Rusco aculeati-Ostryetum carpinifoliae Lakusi¢ et RedZi¢ ex Stupar et al.
ass. nov. hoc loco (Table 3, column 2)

Syn.: Rusco aculeati-Ostryetum carpinifoliae Lakusi¢ et Redzi¢ 1991 nom. inval. [Art. 5], Fraxino
orni-Ostryetum carpinifoliae auct. non Aichinger 1933 nom. illeg. [Art. 31]

Typus: LAKUSIC & REDZIC 1991, Tab. 6, rel. 12 - holotypus hoc loco

Cocktail definition: Ostrya carpinifolia >25% AND Group Geranium robertianum NOT Quercus
pubescens >10%

This community forms a permanent stage on shallow rocky soils over limestone in river
canyons of W. B&H (Una, Unac, Sana and Vrbas) (LAKUSIC & REDZIC 1991) (Fig. 2i). It
thrives on steep slopes (25-45°), various aspects and altitudes from 300-1000 m. The cano-
py layer is dominated by Ostrya carpinifolia, while the dominant species of the understory
are Fraxinus ornus and Acer obtusatum. Although Sesleria autumnalis still plays an im-
portant role, this association is distinguished from Seslerio autumnalis-Ostryetum by a set of
mesophilous species e.g.: Aremonia agrimonoides, Asarum europaeum, Carex digitata,
Clematis vitalba, Lamiastrum galeobdolon s.1., Stellaria holostea etc. and species of mesic
rocky habitats: Arabis turrita, Asplenium ruta-muraria, Asplenium trichomanes, Geranium
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robertianum, Moehringia muscosa, Mycelis muralis, Saxifraga rotundifolia etc. The stands
are mainly difficult of access, so there is almost no current use, but signs of coppicing in
previous times are evident.

4.2.3 Querco pubescenti-Ostryetum carpinifoliae Horvat 1938 (Table 3, column 3)

Orig. (HORVAT 1938): Querceto-Ostryetum carpinifoliae
Syn.: asocijacija Quercus pubescens-Geranium sanguineum Horvat 1937 nom. nud. [Art. 2b]
Typus: HORVAT 1938, Tab. 1, rel. 8 — lectotypus hoc loco

Cocktail definition: (Ostrya carpinifolia >5% AND Quercus pubescens >5%) NOT (Quercus cerris
>50% OR Quercus petraea agg. >10% OR Carpinus orientalis >5% OR Group Cnidium silaifolium)

This association was described from continental Croatia (HORVAT 1938), on southerly
exposed, steep limestone outcrops. HORVAT (1950, 1963) suggests that the same type must
be distributed in similar places in the mountains of northern B&H. Indeed, they have been
found on the mountains Trebevi¢ (STEFANOVIC 1964b), Majevica (FABUUANIC et al. 1967)
and, more recently, Grme¢, Kozara, Manjac¢a and Ozren, where they are often linked to
forests of Asparago tenuifolii-Quercetum pubescentis (Fig. 2j). They thrive over limestone
and dolomite, on shallow rocky soil and steep slopes. Altitudes are between 300 and 1000 m,
always on southern aspect. The canopy is codominated by Ostrya carpinifolia and Quercus
pubescens, while much less by Acer obtusatum, Acer campestre and Quercus cerris. The
main species in the understory is Fraxinus ornus, sometimes accompanied by Cotinus cog-
gygria. The shrub layer is represented by Chamaecytisus hirsutus, Cornus mas, Cornus
sanguinea, Corylus avellana, Crataegus monogyna, Euonymus verrucosus, Genista tictoria,
Juniperus communis, Prunus spinosa, Rosa arvensis, Sorbus torminalis, etc. The herb layer
is composed of the xerothermophilous species Euphorbia cyparissias, Galium lucidum,
Teucrium chamadrys, Vincetoxicum hirundinaria; thermophilous species: Campanula persi-
cifolia, Melittis melissophyllum, Tamus communis, Tanacetum corymbosum and meso-
philous ones Brachypodium sylvaticum, Clematis vitalba, Dactylis glomerata s.1., Glechoma
hirsuta, Helleborus odorus, Stelaria holostea, Symphytum tuberosum etc. Since they are
mainly found on rocky and difficult of access terrain, they have been used as irregular cop-
pices, with little importance to forestry.

4.3 Group of associations dominated by Quercus frainetto and/or Quercus cerris
(Table 4)

4.3.1 Quercetum frainetto-cerridis (Rudski 1949) Trinajsti¢ et al. 1996
(Table 4, column 1)

Orig. (TRINAJSTIC et al. 1996): Quercetum frainetto-cerris Rudski 1949

Syn.: Quercetum confertae-cerridis serbicum Rudski 1949 nom. illeg. [Art. 34a], Quercetum frainetto-
cerridis moesiacum Horvat et al. 1974 nom. illeg. [Art. 34a], Quercetum frainetto hercegovinicum
Fukarek 1966 nom. illeg. [Art. 34a]

Typus: RUDSKI 1949, Tab. 4, rel. 5 — lectotypus hoc loco

Cocktail definition: (Quercus frainetto >25% NOT Quercus petraea agg. >10%) AND (Group Melittis
melissophyllum OR Group Galium pseudaristatum OR Group Lychnis coronaria OR Group Hieracium
racemosum OR Group Chamaecytisus austriacus OR Group Veronica officinalis OR Group Carex
pilosa OR Group Teucrium chamaedrys)
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This rather heterogeneous association was first described by RUDSKI (1949) in central
Serbia. It is zonal forest of the central Balkans (HORVAT et al. 1974), with several subassoci-
ations and ecological or geographical variants described (TOMIC & RAKONJAC 2013). In
B&H it is found in the eastern part (Transitional Illyrian-Moesian region; narrow belt along
the River Drina, from Foca to Bijeljina, Majevica Mt), with exclaves in southern (lower
Herzegovina, Jablanica region), central (Zenica region) and northern B&H (Vucjak Mt)
(Fig. 2k). It occurs over deep soil, mainly on acidic substrate, on mild to moderate slopes,
predominantly southern and western aspects, with the altitudinal range of 200-500 m. The
main species in the tree layer is Quercus franetto, almost always accompanied by Quercus
cerris, but much less Quercus petraea. The understory is built of Fraxinus ornus and, in
some stands, of Carpinus orientalis, while in others of Carpinus betulus, Acer tataricum and
Acer campestre. Other frequent species of the shrub layer are Ligustrum vulgare, Prunus
spinosa, Pyrus pyraster, Sorbus torminalis etc. The herb layer is always made up of ther-
mophilous species and some that are acid tolerant: Chamaecytisus hirsutus agg., Clinopodi-
um vulgare, Dianthus armeria, Euphorbia cyparissias, Festuca heterophylla, Galium
pseudaristatum, Genista tinctoria, Hieracium pilosella, Hieracium sabaudum, Lathyrus
niger, Lychnis coronaria, Physospermum cornubiense, Potentilla micrantha, Pteridium
aquilinum, Silene viridiflora, Teucrium chamaedrys, Thymus pulegioides, Veronica offici-
nalis etc. The association Quercetum frainetto hercegovinicum that was described for south-
ern B&H (FUKAREK 1966) could not be recognized because there were no original relevés
(only a synoptic table was provided in the original diagnosis). However, our relevés from
this region fitted the scope of the traditionally accepted association. The stands are mainly
degraded high forests and coppices, often used as wood pasture.

4.3.2 Fraxino orni-Quercetum cerridis Stefanovi¢ 1968 nom. mut. propos. [Art. 45]
(Table 4, column 2)

Orig. (STEFANOVIC 1968): Orno-Quercetum cerris ass. nov.

Syn.: Quercetum cerridis hercegovinicum Fukarek 1970 nom. nud. [Art. 2b], Quercetum montanum
submediterraneum Fukarek 1970 p.p. nom. nud. [Art. 2b, 3a], Carpino orientalis-Quercetum cerridis
Lakus$i¢ 1976 nom. nud. [Art. 2b], Quercetum cerris mediterraneo-montanum Lakusi¢ et Kutlesa 1976
nom. nud. [Art. 2b], Lathyro nigri-Quercetum cerridis Redzi¢ et Barudanovi¢ 2010, Lithospermo-
Qeurcetum cerridis Redzi¢ 2011 nom. nud. [Art. 2b]

non: Fraxino orni-Quercetum cerridis Kevey & Sonnevend in Kevey 2008 nom. illeg. [Art. 31]

non: Fraxino orni-Quercetum cerridis Stefanovi¢ 1968 sensu Tomi¢ 1997

Typus: STEFANOVIC 1968, Tab. 1, rel. 6 — lectotypus hoc loco

Cocktail definition: Quercus cerris >25% NOT (Quercus frainetto >5% OR Quercus petraea agg.
>10% OR Quercus pubescens >25% OR Ostrya carpinifolia >25% OR Group Asparagus acutifolius
OR Group Luzula luzuloides)

Quercus cerris is the main species in the canopy layer, which is accompanied to a much
lesser extent by Acer obtusatum, Quercus pubescens, Quercus petraea agg. and Ostrya
carpinifolia. 1t was originally described from western B&H (STEFANOVIC 1968), with three
subassociations: carpinetosum orientalis from the southern part of the distribution area
(Arzano, Posusje, Trebinje (Lastva, Tuli), Unac River valley); quercetosum petracae from
the northern part of the distribution area, or on deeper soil and northern aspects in the south-
ern part (Grme¢ Mt, Kozara Mt, Pastirevo Mt, Petrovacko Polje, Bile¢a (Meka Gruda), Po-
susje, Trebinje (Zupci, Ubli); ostryetosum carpinifoliae, which occurs throughout the
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Table 4. Synoptic table for the group of associations dominated by Quercus frainetto and/or Quercus
cerris: Qfc, Quercetum frainetto-cerridis; FrQ, Fraxino orni-Quercetum cerridis. Frequency values of
species are shown; species diagnostic for the association (phi values > 0.25) are shaded. Only ten diag-
nostic species with the highest fidelity and more than 20% frequency are shown for each association.
Woody species that occurred in more than one layer were merged into one line.

Tabelle 4. Ubersichtstabelle fiir die Gruppe der von Quercus frainetto und/oder Quercus cerris domi-
nierten Assoziationen. Abkiirzungen der Assoziationen s.o. Angegeben sind die Stetgkeiten der Arten
(in %); diagnostische Arten fiir die jeweilige Assoziation (phi-Werte > 0,25) sind durch einen grauen
Hintergrund markiert. Nur die zehn diagnostischen Arten mit der hochsten Treue und mehr als 20 %
Stetigkeit sind fiir jede Assoziation aufgefiihrt. Geholze, die in mehr als einer Schicht vorkamen, wur-
den in einer Zeile zusammengefasst.
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Association Qfc  FrQ
Number of relevés 53 87
Quercus frainetto 100 .
Quercus petraea agg. 58 24
Acer tataricum 40 7
Juniperus communis 36 9
Helleborus odorus 36 8
Hieracium pilosella 30 3
Dianthus armeria 30 .
Lychnis coronaria 28 2
Physospermum cornubiense 28

Betula pendula 26 .
Crataegus monogyna 42 86
Festuca heterophylla 30 79
Rosa arvensis 32 70
Cruciata glabra 4 66
Betonica officinalis 11 56
Filipendula vulgaris 2 55
Helleborus multifidus . 54
Buglossoides purpurocaerulea 17 52
Symphytum tuberosum 51
Sesleria autumnalis 48
Quercus cerris 91 100
Fraxinus ornus 81 84
Dactylis glomerata s.1. 58 64
Carpinus orientalis 55 29
Lathyrus niger 55 77
Potentilla micrantha 47 52
Silene viridiflora 45 21
Pyrus pyraster 45 53
Euphorbia cyparissias 43 18
Thymus pulegioides 43 20
Genista tinctoria 43 21
Clinopodium vulgare 42 67
Carex caryophyllea 42 29
Brachypodium pinnatum s.1. 40 59
Acer campestre 40 52




Association Qfc  FrQ

Number of relevés 53 87
Carpinus betulus 40 28
Chamaecytisus hirsutus agg. 38 26
Veronica chamaedrys 36 46
Ligustrum vulgare 34 37
Fragaria vesca 34 22
Teucrium chamaedrys 32 49
Pteridium aquilinum 32 21
Veronica officinalis 32 17
Hypericum perforatum 30 9
Galium lucidum 30 32
Prunella vulgaris 30 14
Primula vulgaris 28 20
Sorbus torminalis 26 54
Prunus spinosa 26 48
Melittis melissophyllum 26 45
Tamus communis 26 40
Viola hirta agg. 25 34
Hieracium sabaudum 25 25
Cornus mas 21 47
Prunus avium 21 41
Vincetoxicum hirundinaria 17 39
Quercus pubescens agg. 17 38
Carex montana 17 32
Brachypodium sylvaticum 17 32
Corylus avellana 15 33
Dorycnium pentaphyllum subsp. germanicum 15 24
Tanacetum corymbosum 13 43
Malus sylvestris 13 39
Bromus erectus agg. 13 29
Serratula tinctoria 9 31
Verbascum nigrum s.1. 8 29
Geum urbanum 6 26
Carex flacca s.l. 6 25
Pimpinella saxifraga 6 24

association range in more humid and rocky habitats. This heliophilous association is typical
of dry karst fields of western and southern B&H, where it occupies flat terrain or mild to
moderate slopes on deep soil over carbonate bedrock (Fig. 21). The typical altitudinal range
is 600-800 m. A faithful species of the shrub layer is Fraxinus ornus together with Cornus
mas, Corylus avellana, Malus sylvestris, Prunus avium, Prunus spinosa, Pyrus pyraster,
Rosa arvensis and Sorbus torminalis. Carpinus orientalis is characteristic of subass.
carpinetosum orientalis, together with Sesleria autumnalis in the herb layer, while Carpinus
betulus and Quercus petraea agg. occur in subass. quercetosum petraeae. The herb layer of
all subassociations is composed of several sets of species (thermophilous, heliophilous,
mesophilous and slightly acidophilous): Betonica officinalis, Brachypodium pinnatum s.l1.,
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Buglossoides purpurocaerulea, Clinopodium vulgare, Cruciata glabra, Dactylis glomerata
s.l., Festuca heterophylla, Filipendula vulgaris, Helleborus multifidus, Iris graminea, Lathy-
rus niger, Melittis melissophyllum, Potentilla micrantha, Serratula tinctoria, Symphytum
tuberosum, Teucrium chamaedrys, Trifolium alpestre, Veronica chamaedrys etc. Although
these are mainly irregularly cut high forests, they are often degraded by spring forest fires
and grazing, so they form a distinctive park-forest feature. This variant is similar throughout
the distribution range of the association and is characterized by the absence of a shrub layer
and high cover of light demanding species of the forest mantle and dry grasslands: Brachy-
podium pinnatum s.1., Filipendula vulgaris, Geranium sanguineum, Trifolium montanum etc.

4.4 Group of associations dominated by Quercus petraea agg. (Table 5)

4.4.1 Lathyro nigri-Quercetum petraeae Horvat (1938) 1959 (Table S, column 1)

Orig. (HORVAT 1959): Lathyreto-Quercetum petraeae

Bas.: Querco pubescenti-Ostryetum carpinifoliae quercetosum petraeae Horvat 1938

Syn.: Serratulo tinctoriae-Quercetum petraeae Zupancic et Vre$ in Zupancic et al. 2009 nom. superf.
[Art. 29a], Quercetum petraeo-cerridis Jovanovi¢ (1960) 1979 seslerietosum autumnalis Redzi¢ et
Barudanovi¢ 2010

non: Lathyro nigri-Quercetum petraeae Horvat (1938) 1959 sensu Vukeli¢ 1990, Baric¢evi¢ 2006
Typus: HORVAT 1938, Tab. 1, rel. 12 — lectotypus hoc loco

Cocktail definition: Quercus petraea agg. >10% AND (Ostrya carpinifolia >0% OR Group Melittis
melissophyllum) NOT (Group Luzula luzuloides OR Group Carex pilosa OR Quercus pubescens agg.
>25% OR (Carpinus betulus >0% AND Carpinus orientalis >0%))

This association has been treated in an inconsistent manner (VUKELIC 1990, BARICEVIC
et al. 2006b). Here, we treat it as in the original diagnosis (HORVAT 1938), i.e., Quercus
petraea dominated forests over deep carbonate soil, with a dominance of baso-neutrophilous
species (HORVAT 1963, SUGAR 1972, REGULA-BEVILACQUA 1978, ZUPANCIC et al. 2009).
The understory is made up of Fraxinus ornus, Acer obtusatum and Ostrya carpinifolia. The
shrub layer consists of Carpinus orientalis, Corylus avellana, Crataegus monogyna, Euony-
mus verrucosus, Pyrus pyraster, Sorbus aria etc. The herb layer is mainly thermophilous:
Clinopodium vulgare, Iris graminea, Lathyrus niger, Melittis melissophyllum, Potentilla
micrantha, Sesleria autumnalis, Tanacetum corymbosum etc. Mesophilous species have
much lower frequency: Aremonia agrimonoides, Cruciata glabra and Helleborus odorus to
mention the most frequent. Pteridium aquilinum, Serratula tinctoria and Silene nutans indi-
cate slight acidity in the upper soil layer due to carbonates leaching. This forest occurs on
carbonate bedrock across B&H (the mountains Crvanj, Cemernica, Jadovnik, Kozara,
Majevica, Makljen, Manjaca, Motajica, StarCevica, Trebava, Vlasi¢; Fig. 2m), at altitudes
from 400 to 1200 m, mainly on moderate, south facing slopes. On some mountains (e.g.,
Cemernica) it forms an altitudinal belt below Dinaric thermophilous beech forests of Aceri
obtusati-Fagetum. They are degraded high forests or coppices, which are under high nega-
tive human influence. They are often used as wood pasture.

4.4.2 Aceri obtusati-Quercetum petraeae ass. nov. hoc loco (Table 5, column 2)

Typus: Supplement S3, rel. 9 — holotypus hoc loco

Cocktail definition: Quercus petraea agg. >25% AND Carpinus betulus >1% AND Carpinus orientalis
>1% AND Group Aremonia agrimonoides NOT (Quercus frainetto >0% OR Quercus pubescens
>25%)
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This interesting meso-thermophilous association, although quite common in NW B&H,
had not previously been recorded (Fig. 2n). While the tree layer is dominated almost exclu-
sively by Quercus petraea, the understory is much more diverse and consists mostly of
thermophilous species, amongst which the most abundant is Carpinus orientalis. Others
include Acer obtusatum, Cornus mas, Euonymus verrucosus, Fraxinus ornus, Quercus pu-
bescens, Sorbus torminalis and Viburnum lantana, but there are also some mesophilous
species that are present in almost every relevé: Acer campestre, Carpinus betulus, Crataegus
monogyna and Prunus avium. In contrast, the herb layer is mostly made up of mesophilous
species: Aremonia agrimonoides, Cruciata glabra, Glechoma hirsuta, Helleborus odorus,
Primula vulgaris, Sanicula europaea, Stellaria holostea, Symphytum tuberosum, Veronica
chamaedrys etc., although there are also some thermophilous species with high frequency:
Buglossoides purpurocarulea, Cyclamen purpurascens, Festuca heterophylla, Lathyrus
niger, Lathyrus venetus, Melittis melissophyllum, Potentilla micrantha, Tamus communis,
Tanacetum corymbosum, Viola hirta agg. etc. This association clearly represents the transi-
tion from thermophilous forests of Carpinion orientalis towards mesophilous forests of
Carpinion betuli. They are found in the NW B&H (the mountains Cemernica, Grme¢,
Kozara, Manjaca, StarCevica) in the zone in which mediterranean and continental climates
mix, and also Carpinus betulus and Carpinus orientalis meet and compete each other. They
occur at 300-900 m, on flat to moderate slopes on mainly warm exposures on limestone and
dolomite. This association is newly described and its floristic composition is presented in
Supplement S3. They are mainly degraded high forests or coppices, often used as wood
pasture.

4.4.3 Cytiso hirsuti-Quercetum petraeae (Stefanovi¢ 1964) Pallas in Bohn et Neuhéusl
2004 (Table 5, column 3)

Orig. (BOHN & NEUHAUSL 2004): Cytiso hirsuti-Quercetum petraeae (Stefanovic 1964) Pallas 2003
nom. nov. hoc loco pro nom. illegit. (Art. 34) Quercetum montanum illyricum Stefanovic 1964

Syn.: Quercetum montanum illyricum Stefanovi¢ 1964 nom. illeg. [Art. 34a], Luzulo nemorosae-
Quercetum petraeae Redzi¢ 2007

Cocktail definition: (Quercus petraea agg. >10% NOT (Quercus frainetto >10% OR Group Cornus
mas)) AND (Group Galium pseudaristatum OR Group Lychnis coronaria OR Group Hieracium race-
mosum OR Group Chamaecytisus austriacus OR Group Veronica officinalis) NOT (Group Festuca
drymeja OR Group Melittis melissophyllum)

These species-poor forests are found on dry, shallow and acidic soil over siliceous bed-
rock (andesite, dacite, siliceous sandstone and schists), mainly in eastern B&H (Transitional
Illyrian-Moesian region; Drina River basin (Fo¢a, Gorazde, Srebrenica, Ustikolina), but
stands are also scattered over the northern part of the country (Pre-Pannonian region; the
mountains Becanj, Kozara, Krnjin, Ljubi¢, Motajica and Trebava) when ecological condi-
tions meet the demands of the community (Fig. 20). The altitudinal range is (300)500-900 m,
on mainly south and west facing moderate to steep slopes. This community is the western-
most type of dry acidophilous forests of Quercion petraeo-cerridis, which have the centre of
their distribution in the central Balkans (CARNI et al. 2009). The tree layer is dominated by
Quercus petraea and/or Quercus cerris (sometimes accompanied by Quercus frainetto),
while the herb layer is dominated by species tolerant of soil acidity and dryness: Chamaecy-
tisus hirsutus, Chamaespartium sagittale, Genista pilosa, Genista tinctoria, Hieracium
murorum, Hieracium pilosella, Hieracium piloselloides, Hieracium praealtum subsp. bau-

109



Table 5. Synoptic table for the group of associations dominated by Quercus petraea: LaQ, Lathyro
nigri-Quercetum petraeae; AcQ, Aceri obtusati-Quercetum petraeae; CyQ, Cytiso hirsuti-Quercetum
petraeae; FeQ, Festuco drymejae-Quercetum petraeae; PoQ, Potentillo micranthae-Quercetum petrae-
ae; SaQ, Seslerio autumnalis-Quercetum petraeae. Frequency values of species are shown; species
diagnostic for the association (phi values > 0.25) are shaded. Only ten diagnostic species with the
highest fidelity and more than 20% frequency are shown for each association. Woody species that
occurred in more than one layer were merged into one line.

Tabelle 5. Ubersichtstabelle fiir die Gruppe der von Quercus petraea dominierten Assoziationen.
Abkiirzungen der Assoziationen s. 0. Angegeben sind die Stetgkeiten der Arten (in %); diagnostische
Arten fiir die jeweilige Assoziation (phi-Werte > 0,25) sind durch einen grauen Hintergrund markiert.
Nur die zehn diagnostischen Arten mit der hochsten Treue und mehr als 20 % Stetigkeit sind fiir jede
Assoziation aufgefiihrt. Geholze, die in mehr als einer Schicht vorkamen, wurden in einer Zeile zu-
sammengefasst.

Association LaQ AcQ CyQ FeQ PoQ SaQ
Number of relevés 30 30 57 24 38 9
Clinopodium vulgare 67 23 32 17 34 44
Iris graminea 47 10 . . 5 .
Ostrya carpinifolia 43 3 . . 3 11
Sorbus aria 37 . . . . 11
Veratrum nigrum 33 20

Origanum vulgare 33

Vincetoxicum hirundinaria 30 10 . 13 8
Serratula tinctoria 30 10 5 13 13
Mercurialis perennis 30 10

Peucedanum austriacum 23 . . . .

Acer campestre 33 100 16 58 18 .
Carpinus orientalis 50 97 14 8 5 22
Cornus mas 33 77 2 4 11 11
Tamus communis 30 77 11 38 24
Glechoma hirsuta 20 73 2 4 5
Ligustrum vulgare 27 70 7 25 .
Hedera helix 13 63 2 17 24
Viburnum lantana 20 53 2

Stellaria holostea 23 53

Sanicula europaea 7 50 . . 3 11
Hieracium sabaudum 3 20 74 33 34
Quercus cerris 20 13 72 8 5
Hieracium pilosella . 3 53 . 3 .
Chamaespartium sagittale . . 49 . 322
Melampyrum pratense 7 3 37 13 18
Rubus fruticosus agg. . 3 28 4 .
Luzula pilosa . 3 28 . 8
Avenella flexuosa . . 26 . 3
Prunus avium 40 70 25 83 47 .
Rubus hirtus 13 23 28 75 50 33
Carex pilosa 7 20 . 58 .
Epimedium alpinum 23 13 2 58 3

Acer tataricum 10 37 12 54 .
Ruscus hypoglossum . 7 . 25 5
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Association LaQ AcQ CyQ FeQ PoQ SaQ

Number of relevés 30 30 57 24 38 9
Genista tinctoria 13 3 68 50 79 44
Galium mollugo agg. 10 13 5 21 50 44
Carex flacca s.1. 30 20 9 42 50
Silene viridiflora 3 13 2 4 34
Hieracium racemosum 3 3 11 13 34
Hypericum montanum 17 5 4 32 .
Asplenium adiantum-nigrum 17 20 4 24 100
Sesleria autumnalis 47 17 5 100
Cardamine glauca 3 . 2 . . 89
Lychnis flos-cuculi 3 . . . 5 89
Hieracium tommasinianum . . . . . 89
Cephalanthera rubra 10 . . . . 78
Hieracium piloselloides 3 . 2 . 5 78
Trifolium rubens 17 . 5 . 78
Lychnis viscaria 3 . 4 . 5 67
Juniperus oxycedrus . . . . . 56
Helleborus odorus 53 97 16

Euonymus verrucosus 33 33

Quercus pubescens agg. 23 23 . . .
Festuca heterophylla 40 67 25 29 171 .
Veronica officinalis 7 . 67 4 5 44
Festuca drymeja 10 3 7 71 47
Galium schultesii 27 30 28 67 66

Tilia tomentosa 10 10 2 63 50 .
Fagus sylvatica 7 30 25 50 79 &9
Tanacetum corymbosum 47 33 4 17 71 78
Luzula luzuloides . . 28 17 63 67
Hieracium murorum 10 3 18 13 55 78
Quercus petraea agg. 100 97 100 100 100 100
Fraxinus ornus 87 87 93 100 95 78
Dactylis glomerata s.1. 63 50 30 38 74 89
Lathyrus niger 60 47 25 67 84 67
Crataegus monogyna 60 97 35 46 39 .
Acer obtusatum 60 73 2 13 39 &9
Rosa arvensis 57 83 26 58 39 .
Sorbus torminalis 57 97 21 79 84 56
Melittis melissophyllum 57 33 4 50 53 67
Potentilla micrantha 50 70 67 46 68 67
Cruciata glabra 50 93 35 67 45 .
Aremonia agrimonoides 50 60 . . 29 44
Fragaria vesca 50 40 56 4 42 67
Corylus avellana 50 30 14 8 24 44
Pyrus pyraster 40 73 25 46 42 .
Primula vulgaris 37 77 4 8 21 44
Veronica chamaedrys 37 53 47 21 84 100
Brachypodium sylvaticum 37 47 14 50 39

Pteridium aquilinum 33 30 81 67 68 100




Association LaQ AcQ CyQ FeQ PoQ SaQ

Number of relevés 30 30 57 24 38 9
Chamaecytisus hirsutus agg. 30 3 60 46 45 89
Viola hirta agg. 30 40 19 8 13 44
Symphytum tuberosum 30 63 5 42 66 33
Silene nutans 30 3 25 4 34 .
Cyclamen purpurascens 27 37 . . 5 11
Lathyrus vernus 27 50 2 50 37 44
Betonica officinalis 27 10 5 4 3 11
Teucrium chamaedrys 27 10 16 . . 11
Buglossoides purpurocaerulea 23 40 2 . .
Lathyrus venetus 23 40 7 8 26
Clematis vitalba 20 40 2 . 11 .
Brachypodium pinnatum s.1. 20 17 7 8 5 56
Juniperus communis 20 20 30 38 34 11
Carpinus betulus 17 83 23 58 42
Melica uniflora 17 43 5 21 8 .
Campanula persicifolia 13 23 7 29 39 78
Cephalanthera longifolia 13 27 9 42 39
Ajuga reptans 10 47 2 4 21 .
Galium lucidum 10 7 18 17 26 11
Pulmonaria officinalis 3 37 2 8 21
Luzula forsteri 327 35 33 45

hinii, Luzula luzuloides, Veronica officinalis etc. The only constant thermophilous species is
Potentilla micrantha, while Lathyrus niger and Festuca heterophylla appear with much
lower frequency. Apart from occasional dominance of Fraxinus ornus, the shrub layer is
poor in species and coverage, which can be partly attributed to regular spring fires and
browsing of domestic animals. They are frequently degraded high forests or coppices, often
used as wood pastures.

Next page (nichste Seite):

Fig. 2. Distribution of relevés of the different associations of thermophilous deciduous forests in B&H
(ordered as in the Results section): QpC, Querco pubescenti-Carpinetum orientalis; RuC, Rusco acule-
ati-Carpinetum orientalis; CaQ, Carici hallerianae-Quercetum pubescentis, CrC, Cruciato glabrae-
Carpinetum orientalis; SeQ, Seslerio autumnalis-Quercetum pubescentis, ArQ, Aristolochio luteae-
Quercetum pubescentis; AsQ, Asparago tenuifolii-Quercetum pubescentis; SeO, Seslerio autumnalis-
Ostryetum carpinifoliae; RuO, Rusco aculeati-Ostryetum carpinifoliae; QuO, Querco pubescenti-
Ostryetum carpinifoliae; Qfc, Quercetum frainetto-cerridis; FrQ, Fraxino orni-Quercetum cerridis;
LaQ, Lathyro nigri-Quercetum petraeae; AcQ, Aceri obtusati-Quercetum petraeae; CyQ, Cytiso
hirsuti-Quercetum petraeae; FeQ, Festuco drymejae-Quercetum petraeae; PoQ, Potentillo micranthae-
Quercetum petraeae; SaQ, Seslerio autumnalis-Quercetum petraeae.

Abb. 2. Verteilung der Vegetationsaufnahmen der verschiedenen Assoziationen thermophiler Laubwél-
der in B&H (geordnet wie im Abschnitt Ergebnisse). Abkiirzungen der Assoziationen s. o.
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4.4.4 Festuco drymejae-Quercetum petraeae (Jankovié¢ et Misi¢ 1960) Jankovi¢ 1968
nom. mut. propos. [Art. 45] (Table S, column 4)

Orig. (JANKOVIC 1968): Festuco-Quercetum petraeae

Bas.: Quercetum montanum festucetosum montanae Jankovi¢ et Misi¢ 1960 nom. illeg. [art. 29b]

Syn.: Lathyro nigrae-Quercetum petraeae Horvat 1959 sensu Vukeli¢ 1990, Baricevi¢ 2006

non: Festuco drymeiae-Quercetum petraeae Morariu, Ularu, Danciu et Lungescu 1970 nom. illeg.
[art. 32b]

Typus: JANKOVIC & MISIC 1960, Tab. 4, rel. 9 — lectotypus hoc loco

Cocktail definition: (Quercus petraea agg. >50% NOT (Carpinus orientalis >0% OR Sesleria autum-
nalis >0%)) AND Group Melittis melissophyllum AND Group Carex pilosa AND (Group Luzula
luzuloides OR Group Hieracium racemosum OR Group Festuca drymeja)

Originally described from Fruska Gora Mt. in Serbia (JANKOVIC & MISIC 1960), this as-
sociation combines attributes of thermophilous, acidophilous and mesophilous Quercus
petraea forests (HRUSKA-DELL’UOMO 1975). The stands are found on low mountains of
northern B&H (Becanj, Crni Vrh, Kozara, Krnjin, Ljubi¢, Majevica, Motajica, Ozren,
Trebava) on deep soil over acidic substrate (non-carbonate flysch, siliceous sandstone, dia-
base, chert etc.), on moderate slopes of primarily southerly aspects (Fig. 2p). The association
occupies the upper parts of slopes above meso-neutrophilous oak-hornbeam or beech forests
(300-500 m), which explains the high frequency of Carpinus betulus or Fagus sylvatica, but
it should be pointed out that they are of poor vitality, found only in the lower shrub layer
with very low coverage (r/+). The only species in the tree layer is Quercus petraea, accom-
panied in the shrub layer by Fraxinus ornus and Sorbus torminalis, which on some stands
can have very high abundance. Other species in the shrub layer include Acer campestre,
Acer tataricum, Chamaecytisus hirsutus, Genista tinctoria, Prunus avium, Rosa arvensis,
Rubus hirtus, Tilia tomentosa, etc. Thermophilous species are represented by: Carex flacca
s.l., Lathyrus niger, Melittis melissophyllum, Potentilla micrantha, and Tamus communis,
and acidophilous by: Genista tinctoria, Hieracium sabaudum, Luzula forsteri, Pteridium
aquilinum etc. However, several mesophilous species give this association a peculiar transi-
tional character: Carex pilosa, Epimedium alpinum, Festuca drymeja and Galium schultesii.
These are mainly high, productive forests.

4.4.5 Potentillo micranthae-Quercetum petraeae Vukelic et al. ex Vukelié, Baricevi¢ et
Sapi¢ ass. nov. hoc. loco (Table 5, column 5)

Syn.: Potentillo micranthae-Quercetum petraeae Vukeli¢, Barievi¢ et Sapié¢ 2010 nom. inval. [Art 5],
Hieracio racemosi-Quercetum petraeae Vukeli¢ 1991 nom. illeg. [Art. 31] p.p.

Typus: VUKELIC et al. 2010, Tab. 1, rel. 15 — holotypus hoc loco

Cocktail definition: (Quercus petraea agg. >50% NOT (Carpinus orientalis >0% OR Sesleria autum-
nalis >0% OR Group Carex pilosa)) AND Group Melittis melissophyllum AND (Group Luzula luzu-
loides OR Group Hieracium racemosum OR Group Festuca drymeja)

Originally described from Zrinska gora (Croatia) (VUKELIC et al. 2010), this Quercus
petraea association is a more acidophilous and less mesophilous community than Festuco
drymejae-Quercetum petraeae. It appears on the upper parts of moderate to steep slopes and
ridges, on deep soil over siliceous bedrock (diabase, chert, siliceous sandstone etc.), primari-
ly on southern aspects. It is mainly found in the low mountains of north and northwestern
B&H (Kozara, Krnjin, Ljubié¢, Motajica, Pastirevo, Planinica, Trebava) between 300 and
600 m (Fig. 2q). There is a larger number of acidophilous species, led by: Genista tinctoria,
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Fig. 3. Boxplot showing the altitudinal zonation and distribution of associations of thermophilous
deciduous forests accross the biogeographical regions in B&H. Association names abbreviated as in
Figure 2 and ordered as in the Results section; last column (total) presents altitudinal distribution of all
relevés in biogeographical region. Biogeographical regions: Med, Mediterranean; Din, Dinaric; Pan,
Pre-Pannonian; Tra, Transitional Illyrian-Moesian.

Abb. 3. Boxplotdiagramme mit der Hohenzonierung und Verbreitung von Assoziationen thermophiler
Laubwilder in den biogeographischen Regionen in B&H. Die Assoziationen sind abgekiirzt wie in
Abbildung 2 und wie im Ergebnisteil geordnet; die letzte Spalte (Total) gibt die Hohenverteilung aller
Vegetationsaufnahmen in der biogeographischen Region an. Biogeographische Regionen: Med,
Mediterran; Din, Dinarisch; Pan, Pri-Pannonisch; Tra, Ubergang Illyrisch-Moesisch.

Hieracium murorum, Hieracium racemosum, Luzula luzuloides and Pteridium aquilinum,
but the many thermophilous species with high abundance give it a distinct character: Carex
flacca s.1., Festuca heterophylla, Lathyrus niger, Melittis melissophyllum, Potentilla micran-
tha, Tanacetum corymbosum etc. Although Festuca drymeja can be important for some
relevés, it is not as frequent as in the former association and mesophilous Carex pilosa and
Epimedium alpinum are completely absent. These are mainly high, productive forests.

4.4.6 Seslerio autumnalis-Quercetum petraeae Poldini ex Poldini 1982
(Table 5, column 6)

Orig. (POLDINI 1982): Seslerio autumnalis-Quercetum petraeae

Syn.: Seslerio autumnalis-Quercetum petraeae Poldini 1964 nom. nud. [Art. 2b]

Cocktail definition: Quercus petraea agg. >25% AND Sesleria autumnalis >0% AND Group Luzula
luzuloides
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This submediterranean association of Quercus petraea has been described on flysch of
the border area of Italy and Slovenia (POLDINI 1964, 1982); it is also known from western
Istria in Croatia (TRINAJSTIC 2008). In B&H it is found in southern B&H (Mediterranean
region) on the gabbro complex near Jablanica (VOINIKOVIC 2001) (Fig. 2r) at altitudes be-
tween 400 and 700 m and very steep (35-40°) south and west facing slopes. Quercus petraea
agg. dominates the tree layer, while Sesleria autumnalis is most abundant in the herb layer.
The shrub layer is composed of thermophilous Fraxinus ornus, Acer obtusatum and Sorbus
torminalis, as well as acidophilous Genista tinctoria and Genista pilosa. The herb layer is
a mixture of thermophilous and acidophilous elements: Asplenium adiantum-nigrum, Cam-
panula persicifolia, Genista pilosa, Hieracium murorum, Lathyrus niger, Luzula luzuloides,
Lychnis viscaria, Melittis melissophyllum, Potentilla micrantha, Pteridium aquilinum,
Tanacetum corymbosum, Thymus pulegioides, Trifolium rubens etc. There are also some
meso-neutrophilous species: Dactylis glomerata s.1., Fagus sylvatica, Milium effusum, My-
celis muralis, Solidago virgaurea etc. These are mainly degraded high forests or coppices,
occasionally used as wood pasture.

5. Discussion

5.1 General overview of syntaxa

The analysis of thermophilous deciduous forests of B&H provided a syntaxonomical
scheme that ecologically and floristically depicts phytosociological relations within this
group in B&H and neighboring countries, as well as their relations with other vegetation
types in this region.

The most thermophilous association, one that is in contact with the evergreen Mediterra-
nean vegetation of Quercetea ilicis, is the Querco pubescenti-Carpinetum orientalis
(Fig. 4). It is a zonal vegetation of submediterranean Croatia, B&H and Montenegro
(HORVAT 1950, 1963). To a much lesser extent it also occurs in Slovenia (ZUPANCIC 1999).
At the present time, this association covers a relatively modest proportion of what is poten-
tially its domain, mostly because of various negative anthropogenic influences (fires, coppic-
ing, browsing etc.), but, ironically, the preserved stands are for the most part those preserved
by man (private old groves). A similar situation is reported for Croatia (VUKELIC 2012),
where the highest proportion of this association is presented by its secondary succession
stage, i.e., scrub dominated by Carpinus orientalis. As suggested by SURINA (2014), this
secondary stage does not represent zonal vegetation in the NW Adriatic, which supported
our decision to limit the understanding of Querco pubescenti-Carpinetum orientalis to old
growth stands that obviously represent climax stages, which is congruent with the original
diagnosis (HORVATIC 1939, 1963, HORVAT 1950). Additionally, it supported the acceptance
of Rusco aculeati-Carpinetum orientalis, a scrub association that results from degradation
of Querco pubescenti-Carpinetum orientalis and occupies the greater part of its potential
habitats. It was originally described from southern Montenegro (BLECIC & LAKUSIC 1967)
and later from the Neretva River canyon in southern B&H (MURATSPAHIC et al. 1991). It
was confirmed by field research from various localities in southern B&H (lower Herze-
govina). This type of vegetation alternates with Sibljak vegetation, dry grasslands and vege-
tation of rocky habitats, with which it often makes vegetation mosaics that are very hard to
circumscribe and delimit.
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Fig. 4. Ecogram of associations of thermophilous deciduous forests of B&H using unweighted average
species indicator values of the relevés for soil reaction and moisture (PIGNATTI et al. 2005). Figures for
the drawing were taken from boxplot diagrams considering the first and third quartile (BAUER &
BERGMEIER 2011). Association names abbreviated as in Figure 2.

Abb. 4. Okogramm der Assoziationen thermophiler Laubwilder von B&H auf der Grundlage
ungewichteter mittlerer Zeigerwerte von Vegetationsaufnahmen fiir Bodenreaktion und -feuchte (PIG-
NATTI et al. 2005). Die beruhen auf den ersten und dritten Quartilen von Boxplot-Diagrammen (BAUER
& BERGMEIER 2011). Die Assoziationsnamen sind abgekiirzt wie in Abbildung 2.

Deeper in the continent, on warm southerly exposed limestone and dolomite foothills, or
in river canyons of central B&H (on mild to moderate slopes with not too shallow soil), we
encountered an extrazonal variant of forest of Quercus pubescens and Carpinus orientalis
and named it Carici hallerianae-Quercetum pubescentis. Compared to Querco pubescenti-
Carpinetum orientalis this type is poor in mediterranean elements (Table 2 and Supplement
S1), but is also degraded and reduced to small patches, which was probably why it was not
recognized earlier as an independent association in B&H. The largest proportion of its poten-
tial distribution is nowadays under secondary succession stages dominated by Carpinus
orientalis i.e., Cruciato glabrae-Carpinetum orientalis, which is known from B&H mainly
as Carpinetum orientalis illyricum and Fraxino orni-Carpinetum orientalis (FABIANIC et al.
1963, STEFANOVIC 1964b, 1983, 1989). This degraded scrub has a relatively heterogenous
floristic structure, since it is represented by various development phases and forms as a
secondary succession stage on the habitats of several different forest types, i.e.: Carici hal-
lerianae-Quercetum pubescentis, Fraxino orni-Quercetum cerridis, Lathyro nigri-
Quercetum petraeae, Aceri obtusati-Quercetum petraeae and Quercetum frainetto-cerridis.
The possible diversity of this association should be investigated by further research.
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While forests of Seslerio autumnalis-Quercetum pubescentis in Slovenia occur on de-
calcified deep soil over flysch (ZUPANCIC 1999), in southern B&H they mainly form an
altitudinal belt between Querco pubescenti-Carpinetum orientalis and beech forests at high-
er altitudes (700-1000 m; Fig. 3), also on deeper soil but over limestone and dolomite.
Stands similar to these, but with significant cover of Ostrya carpinifolia in the tree layer
found on steeper rocky slopes, were classified as Aristolochio luteae-Quercetum pubescen-
tis. This association was originally described as the subassociation quercetosum pubescentis
of Seslerio autumnalis-Ostryetum carpinifoliae (HORVAT 1950) and later raised to associa-
tion level Ostryo-Quercetum pubescentis (TRINAJSTIC 1977). Similar type was described
from Italy (southern Alps) under the name Fraxino orni-Ostryetum carpinifoliae (BRAUN-
BLANQUET 1961). Although traditionally understood as a mesothermophilous submediterra-
nean association of Quercus pubescens without Carpinus orientalis and mediterranean ele-
ments, but with Ostrya carpinifolia (TRINAJSTIC 1977, ZUPANCIC 1999), there has recently
been no consensus about its circumscription. SURINA (2014) classified relevés similar to the
Querco-Carpinetum orientalis (but with Ostrya carpinifolia) from the NW Adriatic region
(W Croatia) into the Aristolochio luteae-Quercetum pubescentis and marked this ssociation
as zonal for this region. On the other hand, VUKELIC (2012) included the complete associa-
tion of Seslerio autumnalis-Ostryetum carpinifoliae (Ostrya carpinifolia dominated forests)
along with all subassociations, not just quercetosum pubescentis, in the Aristolochio luteae-
Quercetum pubescentis. While it can be argued whether typical stands of the Seslerio au-
tumnalis-Ostryetum carpinifoliae just form secondary succession stages of the Aristolochio-
Quercetum pubescentis, they are nevertheless floristically, physiognomically and ecological-
ly distinct. What is the syntaxonomical position of the Aristolochio luteae-Quercetum pu-
bescentis and its relation to the Seslerio autumnalis-Quercetum pubescentis, Seslerio autum-
nalis-Ostryetum carpinifoliae and Querco pubescenti-Carpinetum orientalis remains to be
answered by systematic and comprehensive investigation of this type of vegetation in the
whole submediterranean eastern Adriatic region.

Asparago tenuifolii-Quercetum pubescentis is a specific type of Quercus pubescens
forest without Carpinus orientalis and submediterranean elements (Table 2, column 7, Sup-
plement S2), which is found on flat to moderate slopes on limestone and dolomite of the
mountains of northern B&H (Fig. 2g). This association shows a certain similarity to Central
European Quercus pubescens forests of Quercion pubescenti-petracae (WILLNER & GRAB-
HERR 2007, CHYTRY 2013) and Fraxino orni-Quercenion pubescentis (BORHIDI et al. 2012).
A similar association was reported from Dilj Mt. (Slavonia, NE Croatia) (SKVORC 2006), so
we think that further studies of this forest type should be continued, but with greater focus on
similar communities from Hungary, Slovakia, Czech Republic and Austria.

The Asparago-Quercetum is spatially connected to the Querco pubescenti-Ostryetum
carpinifoliae, which is found on very steep, rocky southern slopes of limestone and dolomite
outcrops of the northern Bosnian mountains (Fig. 2j), and also in central B&H (STEFANOVIC
1964b, LAKUSIC et al. 1982a). HORVAT (1950, 1963) states that this association can be found
in N B&H and NW Croatia, but it is also present in Slovenia (ZUPANCIC et al. 2009) and in
NW Serbia (JOVANOVIC 1967). Stands on milder slopes with deeper soil were distinguished
as subass. quercetosum petraeae (HORVAT 1938) and later raised to the level of association,
Lathyro nigri-Quercetum petraeae (HORVAT 1959). According to the original diagnosis,
this association corresponds to mesothermophilous Quercus petraea forests on deeper soils
(Fig. 4). Thermophilous and basophilous species, including Ostrya carpinifolia are dominant
in floristic composition, but also several neutrophilous species and those that are slight acidi-
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ty indicators can occur (Table 5, column 1). Some authors (VUKELIC 1990, BARICEVIC et al.
2006b) included some stands of acido-thermophilous forests of the Festuco drymejae-
Quercetum petraeae lathyretosum nigrae within the scope of this association, which is in
opposition to the traditional concept of this syntaxon. In B&H, this type of forest often forms
an altitudinal belt beneath thermophilous beech forests (Aceri obtusati-Fagetum) (REDZIC
1986).

In NW B&H, in the zone in which continental and mediterranean climates interface, one
rather peculiar community occurs (Fig. 2n). It brings together two species that stand for two
opposing ecologies: mesophilous Carpinus betulus and xerothermophilous Carpinus orien-
talis. This newly described association, Aceri obtusati-Quercetum petraeae, is regarded as
a transitional association between thermophilous Carpinion orientalis and mesoneutro-
philous Carpinion betuli (Table 5, column 2, Supplement S3). Similar communities had not
previously been reported for B&H, probably because oak forests of this part of B&H were
poorly studied in the past.

Pure Ostrya carpinifolia forests are represented by two associations, Seslerio autum-
nalis-Ostryetum carpinifoliae and Rusco aculeati-Ostryetum carpinifoliae. The first is
mainly considered to be a secondary succession stage either of Aristolochio-Quercetum
pubescentis or Seslerio-Fagetum (TRINAISTIC 1977, TRINAJSTIC & CEROVECKI 1978,
PUNCER & ZUPANCIC 1982). Others consider it to be zonal (STEFANOVIC 1979a), or zonal
only on steep dolomite slopes, where it is competitively stronger than Quercus pubescens or
Fagus sylvatica (TRINAJSTIC 1977). Mesothermophilous Rusco aculeati-Ostryetum carpini-
foliae (Fig. 4) develops as a permanent stage in the humid conditions of the canyons of W
B&H, on very steep slopes over shallow and extremely rocky soil. It has been known from
B&H and Serbia (STEFANOVIC 1964b, 1979a, ToMIC 2000, 2006) mainly under the pseudo-
nym Fraxino orni-Ostryetum carpinifoliae. These communities are in spatial and syngenetic
connection with polydominant ravine forests (STEFANOVIC 1979b).

In E B&H, with exclaves in central and southern areas of the country, the zonal central
Balkan community of Quercetum frainetto-cerridis occurs (Fig. 2k). It can be considered to
be zonal in E Bosnia (Transitional Illyrian-Moesian region), while in other parts it is extra-
zonal. This rather heterogenous association was originally described by RUDSKI (1949) for
central Serbia, with three subassociations. Many subassociations and geographical variants
were later described for the region of Serbia (JOVANOVIC & DUNIIC 1951, JOVANOVIC 1956,
1967, VUKICEVIC 1959). Their syntaxonomical status was not resolved until the present,
since some authors gave them association status (JOVANOVIC 1997), while others only the
status of geographical variants within Quercetum frainetto-cerridis (TOMIC & RAKONJAC
2013). As B&H authors treated it in the latter manner, we also accepted that view. Several
variants have been reported in B&H (GLISIC 1956, FABUUANIC et al. 1967, STEFANOVIC &
MANUSEVA 1971, FUKAREK et al. 1974, STEFANOVIC 1988). This association was also re-
ported from Croatia by TRINAJSTIC et al. (1996), who corrected its original illegitimate name
“Quercetum confertae-cerris serbicum”. In the southern B&H, FUKAREK (1966) described
Quercetum frainetto hercegovinum, but analysis could not separate it from other Quercetum
frainetto-cerridis forests.

The association Fraxino orni-Quercetum cerridis is the main type of forest vegetation
in dry karst fields of W. and S. B&H (Fig. 21). This main area of distribution has radiations
in Croatia (TRINAJSTIC 2008, VUKELIC 2012). The association was originally described by
STEFANOVIC (1968) in western B&H but, over time, it was repeatedly described from differ-
ent localities in western and southern B&H by different names (FUKAREK 1970a, LAKUSIC et
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al. 1978, LAKUSIC & REDZIC 1989, 1991, REDZIC & BARUDANOVIC 2010, REDZIC 2011).
A similar association has been reported from Hungary, where it primarily occurs on lime-
stone and dolomite, but also on basalt (KEVEY 2008, BORHIDI et al. 2012). Forests in Serbia
that are attributed to this association (TOMIC et al. 2006, TOMIC & RAKONJAC 2013) are of
different floristic composition and ecology and represent another community, i.e., Querce-
tum cerris (VUKICEVIC 1966).

Finally, we included in the vegetation of thermophilous deciduous forests acido-
thermophilous Quercus petraea forests, for the reasons already discussed in the introduction.
They show the lowest values of the soil pH expresed through the floristic composition
(Fig. 4). Cytiso hirsuti-Quercetum petraeae, formerly known as Quercetum montanum
illyricum (STEFANOVIC 1964a, 1984, STEFANOVIC & MANUSEVA 1966, 1971, STEFANOVIC et
al. 1977a), is related to zonal dry-acidophilous Quercion petraeo-cerridis of central Balkan
(CARNI et al. 2009). It is found on shallow dry soils of silicate bedrock (andesite, dacite,
siliceous sandstone and schists) of E and C B&H, and Palaeozoic sediments (siliceous sand-
stone and schists) of N B&H (Fig. 20). The association Festuco drymejae-Quercetum pet-
raeae was originally described from Fruska gora (Serbia) (JANKOVIC & MISIC 1960,
JANKOVIC 1968) and later reported from northern Croatia (HRUSKA-DELL’UOMO 1975,
BARICEVIC et al. 2006a). Some stands from northern Croatia reported as Lathyro nigri-
Quercetum petraeae also belong to this association (VUKELIC 1990, BARICEVIC et al.
2006b). This association shows certain simmilarities to the slightly dryer and more acidophi-
lous Potentillo micranthae-Quercetum petraeae (Fig. 4). It was originally described from
Zrinska Gora (Croatia) (VUKELIC et al. 2010), but some stands from NW Croatia, of what
was formerly known as meso-acidophilous Hieracio racemosi-Quercetum petraeae sensu
Vukeli¢ 1991 (VUKELIC 2012), also enter the scope of this association. The latter two associ-
ations comprise the group of north Dinaric-south Pannonian acido-thermophilous forests,
which are widely distributed on siliceous low mountains and hills of peripannonian Croatia,
B&H and Serbia. The association Seslerio autumnalis-Quercetum petraeae is known from
only one locality in B&H (VOINIKOVIC 2001; Fig. 2r). It is interesting that it is found here on
ultrabasic gabbro bedrock, while in Croatia, Slovenia and Italy it occurs on flysch (POLDINT
1964, ZUPANCIC 1999, VUKELIC 2012). While this association has an acido-thermophilous
character, its submediterranean distribution made most authors include it in Quercion pubes-
centi-petraeae (VOINIKOVIC 2001, TRINAISTIC 2008, SiLc & CARNI 2012, VUKELIC 2012).
More work is needed in B&H, as well in Croatia, in order to reveal its correct syntaxonomi-
cal position.

5.2 Problematic syntaxa

A thorough survey of the relevant literature yielded a list of syntaxa that had been report-
ed for thermophilous deciduous forests of B&H, but could not be recognized during the
analysis, either because they were mistakenly attributed to different syntaxa, or they do not
belong to thermophilous deciduous forests, or there were no relevés in the database, or they
simply do not exist on the territory of B&H.

Aceri paradoxi-Carpinetum orientalis Bleci¢ et Lakusi¢ 1967

The association of Acer paradoxum (= Acer hyrcanum subsp. intermedium) and
Carpinus orientalis was originally described from the canyon of the Piva River in Montene-
gro (BLECIC & LAKUSIC 1967). This association has been reported from several sites in B&H
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(LAKUSIC & REDZIC 1991), where this name was mistakenly ascribed to Cruciato glabrae-
Carpinetum orientalis (Carpinetum orientalis illyricum). Field research in the area of eastern
B&H did not confirm this association but, bearing in mind that Piva canyon forms the bor-
derline between B&H and Montenegro, the existence of Aceri—Carpinetum orientalis should
not be ruled out for the territory of B&H.

Seslerio angustifoliae-Ostryetum carpinifoliae Lakusi¢ ex Lakusié¢ et Redzi¢ 1989

Syn.: Seslerio angustifoliae-Ostryetum carpinifoliae Laku$i¢ 1975 nom. ined. [Art. 1], Seslerio angusti-
foliae-Ostryetum carpinifoliae Laku$i¢ et al. 1978 nom. nud. [Art. 2b], Seslerio angustifoliae-
Ostryetum carpinifoliae Lakusi¢ et al. 1982 nom. inval. [Art. 2b]

This association was reported for the river canyons around the city of Sarajevo
(Miljacka, Zeljeznica and Pra¢a), but without phytosociological relevés (LAKUSIC et al.
1978). LAKUSIC et al. (1982b) presented a synoptic table based on five relevés from the same
localities. LAKUSIC & REDZIC (1989) eventually presented one relevé of this association, but
from Derventa River canyon in western Serbia. The existence of this association in B&H is
highly probable, but we did not conduct field research since these localities are mine con-
taminated.

Carpino betuli-Ostryetum carpinifoliae Lakusi¢ et Redzi¢ 1989

This association was classified into thermophilous deciduous forests (REDZIC 2011), but
the only published relevé, together with the description (LAKUSIC & REDZIC 1989), suggest
that this association belongs to ravine forests of Tilio-Acerion.

Melampyro doerfleri-Ostryetum carpinifoliae Lakusi¢ et RedZzi¢ 1989
Syn.: Melampyro doerfleri-Ostryetum carpinifoliae Lakusi¢ 1968 nom. ined. [Art. 1]

Although REDZIC (2011) listed this association for B&H, its occurence here is highly un-
likely. The only relevé of this association was published from Montenegro (LAKUSIC &
REDZIC 1989), and the species Melampyrum doerfleri is not reported for B&H.

Corylo colurnae-Ostryetum carpinifoliae Ble¢i¢ 1958 nom. inval. [Art. 3b]

This association could not be recognized from the data set. Some indications of its pres-
ence in B&H on Mt. Gatacka Bjelasnica (NE Herzegovina) were given by LAKUSIC et al.
(1978), but without relevés. It has been described from Montenegro, where it occurs at
1000-1200 m beneath beech-fir forests in karst sinkholes (BLECIC 1958). It was designated
as provisional, and its uncertain syntaxonomical position was pointed out. The herb layer for
the most part consists of mesophilous species of beech-fir forests, while there are 16 species
in the tree layer. It is probably connected to polydominant ravine forests of Tilio-Acerion.

Although without relevés, three associations of Quercus trojana forests were indicated
for B&H (REDZIC 2011): Quercetum macedonicae Em ex Horvat 1959, which was described
from central Macedonia, Quercetum trojanae montenegrinum Ble€i¢ et Laku$i¢ 1975 nom.
nud. [Art. 2b], from south-eastern Montenegro, and Pistacio-Quercetum trojanae Redzié
2011 nom. nud. [Art. 2b]. However, although Quercus trojana is distributed in SE B&H, we
could not confirm forests of it during the field research. It was found only as admixed spe-
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cies in other associations (Seslerio-Quercetum pubescentis, Rusco-Carpinetum orientalis,
Seslerio-Ostryetum), but this certainly does not mean that such forests should be ruled out
for B&H.

Finally, we provide a list of nomina nuda that were obtained from the literature, but
could not be ascribed to synonymy with any of the previously treated syntaxa: Rusco acule-
ati-Quercetum mixtum Stefanovi¢ 1977, Fraxino orni-Quercetum dalechampii Lakusi¢ et al.
1978, Frangulo rupestris-Ostryetum carpinifoliae Redzi¢, Barudanovi¢ et Pug in Redzi¢
2007, Coronillo-Fraxinetum orni Redzi¢, Pug et Barudanovi¢ in Redzi¢ 2007, Aceri obtusa-
ti-Ostryetum carpinifoliae Redzi¢ 2007, Aceri obtusati-Quercetum dalechampii Redzi¢
2007, Quercetum pubescentis-dalechampii Redzi¢ 2011, Asparago officinali-Quercetum
roboris Redzi¢ 2011, Seslerio autumnalis-Quercetum pubescentis Redzi¢ 2011, Carpino
orientalis-Quercetum pubescentis Redzi¢ 2011, Rusco-Quercetum pubescentis Redzi¢ 2011,
Ostryo-Quercetum petraeae Redzi¢ 2011, Melampyro trichocalycinae-Carpinetum orientalis
Redzi¢ 2011, Seslerio autumnalis-Carpinetum orientalis Redzi¢ 2011.

Erweiterte deutsche Zusammenfassung

Einleitung — Thermophile Laubwélder der Ordnung Quercetalia pubescentis nehmen etwa 20% der
Waldflache und 11 % der Landesflache von Bosnien und Herzegowina (B&H) ein. Trotz ihrer groflen
Bedeutung hinsichtlich Fliche und Diversitét gibt es zahlreiche bisher ungeldste Probleme bei der
Gliederung und Benennung dieser Wilder, hauptséchlich wegen der schlechten pflanzensoziologischen
Bearbeitung (vor dieser Studie waren aus dem ganzen Land nur 274 Vegetationsaufnahmen dieser
Ordnung publiziert worden, und einige Waldtypen waren noch nicht nachgewiesen worden) und wegen
der ungeklérten syntaxonomischen und nomenklatorischen Fragen. Die Hauptziele dieser Studie: durch
intensive Geldndearbeit Bearbeitungsliicken von thermophilen Laubwildern in B&H fiillen; die Vege-
tationsaufnahmen nach formalen Kriterien klassifizieren; die Giiltigkeit und Legitimitét der existieren-
den Namen der Pflanzengesellschaften priifen und ihre Namen gemaf der Regeln des ICPN korrigieren
und typisieren.

Methoden — Die Cocktail-Methode (BRUELHEIDE 2000) wurde verwendet, um alle 673 Vegetati-
onsaufnahmen der Quercetalia pubescentis aus B&H nach formalen Kriterien zu klassifizieren. Auf der
Basis von Expertenwissen stellten wir 18 soziologische Artengruppen zusammen, die in Kombination
mit den Deckungsanteilen einiger Arten und verkniipft mit den logischen Operatoren Und, Oder und
Nicht formale Definitionen von 17 Zielassoziationen ergaben. Zu ihnen gehorten 483 Vegetationsauf-
nahmen des Ausgangsdatensatzes. Um auch die iibrigen Aufnahmen, die durch Cocktail nicht oder
nicht eindeutig klassifiziert werden konnten, zuordnen zu koénnen, benutzten wir das Prinzip einer
teilkontrollierten Klassifikation (,,semi-supervised classification®, TICHY et al. 2014). Treuemalfle der
Arten — dafiir verwendeten wir den phi-Koeffizienten (CHYTRY et al. 2002) — waren die Berechnungs-
grundlage fiir die diagnostischen Arten, die zur Qualitétsbeurteilung der formalen Definitionen benutzt
wurden.

Bei der Nomenklatur der Pflanzengesellschaften wie auch bei der Beschreibung neuer Syntaxa fol-
gen wir strikt den Regeln des ICPN (WEBER et al. 2000). Der korrekte Name jeder Assoziation wurde
ermittelt und die gesamte Synonymie verzeichnet. Fiir noch nicht typisierte Syntaxa wurden Lektotyp-
ten beziehungsweise Neotypen ausgewdhlt. Fiir nach Art. 5 ICPN ungiiltige Syntaxonnamen wurden
Holotypen bezeichnet. Eine modifizierte Namensform — z. B. nomen mutatum — wurde anstelle eines
Syntaxonnamens verwendet, der urspriinglich nach Taxonnamen gebildet worden war, die nicht mehr
im Einklang mit der gegenwértigen taxonomischen und floristischen Literatur sind. Die Diagnosen der
neuen Assoziationen werden begleitet von Beschreibungen und pflanzensoziologischen Tabellen mit
Angabe des Holotypus.
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Ergebnisse und Diskussion — Mittels der Cocktail-Methode lie3en sich die thermophilen Laubwil-
der von B&H in 17 Zielassoziationen klassifizieren. Der ,,teilkontrollierte” Ansatz erbrachte zusétzlich
eine weitere dkologisch und floristisch klar definierte Assoziation, welche als neu erkannt und als Aceri
obtusati-Quercetum petraeae beschrieben wurde. Da es das Hauptziel dieser Arbeit war, die thermophi-
len Laubwilder von B&H formal zu klassifizieren, sind wir den Verbandszugehorigkeiten der Assozia-
tionen nicht nachgegangen; dies bleibt einer geographisch breiter angelegten Studie jenseits unserer
Fragestellung vorbehalten. Wir haben die Assoziationen stattdessen auf der Basis der dominierenden
Baumarten gruppiert, um so Unterschiede in der Artenzusammensetzung von Assoziationen mit glei-
cher Hauptbaumart aufzuzeigen. Die Assoziationen gehoren vier Gruppen an: (i) Assoziationsgruppe
dominiert von Quercus pubescens und/oder Carpinus orientalis, (if) Assoziationsgruppe dominiert von
Ostrya carpinifolia, (iii) Assoziationsgruppe dominiert von Quercus frainetto und/oder Quercus cerris
and (iv) Assoziationsgruppe dominiert von Quercus petraea agg.

Zusitzlich zu einer kurzen Beschreibung jeder Assoziation verdeutlichen Ubersichtstabellen (Tabel-
len 2-5) die floristischen Unterschiede und Ahnlichkeiten zwischen den Assoziationen und Gruppen.
Die Verteilung der Vegetationsaufnahmen der einzelnen Assoziationen zeigt eine Karte (Fig. 2). Die
Hoéhenzonierung und die Verbreitung der Assoziationen in den biogeographischen Regionen von B&H
wird in Figure 3 veranschaulicht. Die grofite Zahl an Assoziationen (13) gibt es in der mediterranen
Region; die dinarische und die pra-pannonische Region weisen jeweils 10 Assoziationen auf, wahrend
es in der illyrisch-moesischen Ubergangsregion nur 5 Assoziationen sind. Die groBte Hohenspanne —
sie schlieit die hochstgelegenen thermophilen Laubwilder ein — hat die mediterrane Region (130—
1030 m), gefolgt von der dinarischen (310-1000 m), illyrisch-moesischen (190-880 m) und der pré-
pannonischen Region (250—780 m). Figure 4 zeigt ein Okogramm mit der relativen 6kologischen Einni-
schung jeder Assoziation entlang von Bodenaziditit und -feuchte. Gruppe i umfasst thermophil-
basiphytische Wilder, Gruppe ii ist mesophil-basiphytisch, Gruppe iii intermediér, und Gruppe iv
mesophil und tendenziell azidophytisch.

Syntaxonomische Synopsis:
Assoziationen dominiert von Quercus pubescens und/oder Carpinus orientalis

. Querco pubescenti-Carpinetum orientalis Horvati¢ 1939

. Rusco aculeati-Carpinetum orientalis Ble¢i¢ et Lakusi¢ 1967

. Carici hallerianae-Quercetum pubescentis ass. nov. hoc loco

. Cruciato glabrae-Carpinetum orientalis Sugar et Trinajsti¢ ex Stupar et al. ass. nov. hoc loco
. Seslerio autumnalis-Quercetum pubescentis Zupan¢i¢ 1999

. Aristolochio luteae-Quercetum pubescentis (Horvat 1959) Poldini 2008

. Asparago tenuifolii-Quercetum pubescentis Lakusi¢ et Redzi¢ 1991

~N N bW =

Assoziationen dominiert von Ostrya carpinifolia

8. Seslerio autumnalis-Ostryetum carpinifoliae Horvat et Horvati¢ ex Horvat 1959
9. Rusco aculeati-Ostryetum carpinifoliae Lakusi¢ et Redzi¢ ex Stupar et al. ass. nov. hoc loco
10. Querco pubescenti-Ostryetum carpinifoliae Horvat 1938

Assoziationen dominiert von Quercus frainetto und/oder Quercus cerris

11. Quercetum frainetto-cerridis (Rudski 1949) Trinajsti¢ et al. 1996
12. Fraxino orni-Quercetum cerridis Stefanovi¢ 1968

Assoziationen dominiert von Quercus petraea agg.

13. Lathyro nigri-Quercetum petraeae Horvat (1938) 1959

14. Aceri obtusati-Quercetum petraeae ass. nov. hoc loco

15.Cytiso hirsuti-Quercetum petraeae (Stefanovi¢ 1964) Pallas in Bohn et Neuhdusl 2004

16. Festuco drymejae-Quercetum petraeae (Jankovi¢ et Misi¢ 1960) Jankovi¢ 1968

17. Potentillo micranthae-Quercetum petraeae Vukeli¢ et al. ex Vukeli¢, Baridevi¢ et Sapi¢ ass. nov.
hoc loco

18.Seslerio autumnalis-Quercetum petraeae Poldini ex Poldini 1982
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Obwohl diese Studie der thermophilen Laubwilder von B&H ein Schema ergeben hat, bei dem die
Syntaxa in dkologischer und floristischer Hinsicht die pflanzensoziologischen Beziehungen innerhalb
von B&H wie auch zu benachbarten Landern widerspiegeln, bleiben eine Reihe von Problemen, denen
man sich zuwenden sollte. Weitere Forschung ist insbesondere nétig, um die Diversititsmuster der eher
heterogenen Assoziationen Quercetum frainetto-cerridis und Cruciato glabrae-Carpinetum orientalis
zu erhellen. Der syntaxonomische Status und die Umschreibung des Aristolochio luteae-Quercetum
pubescentis bediirfen der Neubewertung.
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Stupar et al.: Thermophilous deciduous forests (Quercetalia pubescentis ) of Bosnia and Herzegovina

Supplement S1. Carici hallerianae-Quercetum pubescentis ass. nov. hoc loco, holotypus: relevé 4 (A - lower tree layer, B - shrub layer, C - herb
layer.

Beilage S1. Carici hallerianae-Quercetum pubescentis ass. nov. hoc loco, Holotypus: Aufnahme 4 (A - untere Baumschicht, B - Strauchschicht, C -
Krautschicht

Relevé number 1 2 3 4 5 6 7 8 9 10
Characteristic species of the association
Quercus pubescens A 3 4 2 4 3 2 4 2 3 4

B 2 2 2 2 1 1 2 2 2 +
Carpinus orientalis A . 3 .

B 2 2 3 3 2 4 2 4 2 4
Sesleria autumnalis C 3 4 4 3 2 3 3 3 . 3
Carex halleriana C r + + 1 + + 2
Carpinion orientalis
Acer monspessulanum A . . 1 .

B 2 1 1 1 2 +
Lonicera etrusca B + + + 1 . 1 +
Coronilla emerus s.l. B + r + 1 + +
Hieracium tommasinianum C + r + . +
Quercetalia pubescentis
Fraxinus ornus A + . 1 2 . 2

B 2 2 2 2 + 2 2 2
Quercus cerris A 1 . 1 1

B 2 2 2 . 2 2
Cornus mas B 2 1 + . 2 +
Euonymus verrucosus B + + + r 1 1
Sorbus torminalis B + r 2 + +
Acer obtusatum B 2 . . 2
Viola hirta agg. C r + + + + + r + r .
Campanula persicifolia C + + + + +
Silene nutans C r + . r 1 . r
Clinopodium vulgare C + . 1 +
Buglossoides purpurocaerulea C 1 . 1 + +
Tanacetum corymbosum C + + . + r
Tamus communis C . + + r 1
Lathyrus niger C + r . 1
Asperula purpurea C + + . 1
Campanula bononiensis C + r +
Querco-Fagetea and Rhamno-Prunetea
Crataegus monogyna B + + + + 1 1 + r +
Rosa arvensis B + + r + + . .
Acer campestre B r 2 + +
Ligustrum vulgare B + + +
Cruciata glabra C r + + . + r . 1
Dactylis glomerata s.1. C + . + + r 1
Veronica chamaedrys C + + + +
Brachypodium sylvaticum C + . + 1
Trifolio-Geranietea
Trifolium alpestre C + r r + . . . . . r
Dorycnium pentaphyllum subsp. germanicun C 1 . . . . + . + 1
Helleborus multifidus C + + . . . r . r .
Polygonatum odoratum C . . + . . . . . 1 r
Festuco-Brometea
Teucrium chamaedrys C + + + + + r + + + .
Brachypodium pinnatum s.1. C 2 1 1 . 2 + 1 2 1
Bromus erectus agg. C 1 . + + + 1 + 3
Festuca pseudovina agg. C . 2 + + + + + . +
Asperula cynanchica C r r + . + r +
Carex humilis C + + 2 2 + .
Euphorbia cyparissias C r + r +
Genista sylvestris subsp. dalmatica C + . + 1
Lotus corniculatus C + + r .
Thymus pulegioides C r r +
Helianthemum nummularium C + r +
Companions
Chamaecytisus hirsutus agg. B . + 1 + +
Fragaria vesca C + + 1 + + . +
Elymus repens C . 1 + r

In one or two relevés:

A: Ostrya carpinifolia 9:+;

B: Acer tataricum 1:+; Clematis vitalba 3:r, 7:+; Colutea arborescens 10:+; Cornus sanguinea 1:+; Corylus avellana 2:1; Cotinus coggygria
3:1, 10:2; Frangula rupestris 5:+, T:+; Genista tinctoria 3:r; Juglans regia 1:r; Juniperus communis 10:r; Lonicera xylosteum 6:r; Ostrya

carpinifolia 4:+, T:r; Prunus spinosa 8:1; Pyrus pyraster 6:+, 10:r; Rhamnus orbiculatus 7:+; Rosa canina 1:1, 2:+; Sorbus aria 3:+, 7:1;
Sorbus domestica 10, r; Viburnum lantana 10, t;

C: Achillea nobilis 7:r; Aethionema saxatile 8:r; Agrostis castellana 4:+; Anemone ranunculoides 2:+; Anthericum ramosum 1:, 9:3; Arabis
hirsuta 9:r; Arabis turrita 3:+, 10:+; Aremonia agrimonoides 4:r, 6:r; Asparagus tenuifolius 10:+; Betonica officinalis 1:+, 3:+; Bunium
alpinum subsp. montanum 4:+; Buphthalmum salicifolium 9:1; Calamintha sylvatica 10:+; Campanula glomerata 2:1; Campanula trachelium
3:+; Carex caryophyllea 10:+; Carum carvi 5:+, T:+; Centaurea napulifera subsp. tuberosa 1:+, 3:r; Clematis recta 9:1; Convolvulus
cantabrica 6:+; Coronilla coronata 1:+; Cotoneaster nebrodensis 4:r; Crataegus laevigata 2:1; Dictamnus albus 3:+, 5:+; Epipactis
atrorubens 1:r; Eryngium amethystinum 6:r; Festuca heterophylla 3:x, 10:+; Filipendula vulgaris 3:+, 4:r; Fritillaria orientalis 2:r; Galium
lucidum 8:+, 9:+; Geranium lucidum 8:+; Geranium robertianum 10:r; Geranium sanguineum 4:v; Geum urbanum 8:r; Glechoma hirsuta 3:+,
10:+; Globularia punctata 9:+; Helleborus odorus 10:+; Hieracium hoppeanum 5:r; Hieracium murorum 9:r; Hieracium piloselloides 4:r;
Hieracium praealtum subsp. bauhinii 9:+; Hieracium sabaudum 9:+; Hippocrepis comosa 1:+, 9:+; Hypochaeris maculata 3:+; Inula
spiraeifolia 3:r; Iris graminea 3:+; Lathyrus venetus 3:r, 10:1; Leontodon hispidus 1:+; Leontodon incanus 9:r; Lilium martagon 3:r; Medicago
falcata 7:+; Medicago lupulina 8:r; Melica ciliata 8:r; Melica uniflora 3:+; Melittis melissophyllum 3:r, 9:+; Orchis simia 9:r; Origanum
vulgare 3:+; Ornithogalum pyrenaicum 3:+; Petrorhagia saxifraga 6:+; Peucedanum austriacum 3:t; Peucedanum cervaria 3:+; Peucedanum
oreoselinum 7+, 9:2; Pimpinella saxifraga 9:r; Platanthera bifolia 1:1; Poa angustifolia 10:+; Poa trivialis s.l. 1:+, 6:+; Potentilla erecta 9:+;
Potentilla heptaphylla 2:+, 4:r; Potentilla hirta 5:+, 7:+; Potentilla micrantha 4:+, 10:+; Potentilla tommasiniana 6:+; Primula vulgaris 3:;
Sanguisorba minor s.l. 6:r; Scabiosa cinerea 9:+; Scutellaria altissima 10:+; Sedum acre 6:+, 8:r; Sedum ochroleucum 6:r; Sedum telephium
subsp. maximum 3:r, 8:r; Serratula tinctoria 3:+; Silene nemoralis 3:+; Silene vulgaris 9:+; Smyrnium perfoliatum 10:+; Solidago virgaurea
9:+; Stachys recta s.. 9:r; Teucrium montanum 7:+; Thalictrum minus 7:r; Thesium linophyllon 4:+; Thlaspi goesingense 9:+; Thymus
longicaulis 1:+, 4:+; Trifolium montanum 1:+; Trifolium rubens 3:r; Veratrum nigrum 3:t; Verbascum nigrum s.1. 8:r; Vicia incana 3:r;

Details of relevés (indicated in the following order: relevé number, GIVD EU-BA-001 relevé number, relevé area (mz), altitude (m), aspect, slope
(degrees), cover (%) A-B-C, species richness (total), date (year/ month/day), description of locality, latitude, longitude) : 1. 70, 400, 650, NE, 20, 60-
50-40, 40, 20110608, Oreci (Posusje), 43.433086, 17.369203; 2. 4, 600, 920, SW, 15, 60-25-80, 25, 20110422, Brina (Cincar), 43.852217,
16.972696; 3. 243, 400, 670, S, 3, 20-80-70, 60, 20120627, Tarovine (Osjecenica), 44.467614, 16.253619; 4. 318, 400, 880, S, 12, 70-70-70, 39,
20140701, izmedu Posusja i Mesihovine, 43.530835, 17.284225; 5. 475, 100, 786, S, 20, 50-60-40, 34, 20140723, izmedu Posusja i Mesihovine,
43.511384, 17.270108; 6. 116, 400, 655, S, 15, 30-90-50, 42, 20110725, Guvno (Drvar), 44.402031, 16.365373; 7. 330, 400, 808, SW, 15, 80-50-
30, 40, 20140723, izmedu Posusja i Mesihovine, 43.511836, 17.27035; 8. 244, 400, 680, S, 20, 40-70-30, 43, 20120627, Guvno (Drvar),
44.40562, 16.356532; 9. 16, 900, 440, S, 35, 50-40-95, 42, 20110511, Gomjenica-Prisoje (Manjaca), 44.700182, 16.923974; 10. 306, 400, 340,
NE, 20, 70-70-60, 43, 20140624, Kamenice (Bocac), 44.511213, 17.152517.



Stupar et al.: Thermophilous deciduous forests (Quercetalia pubescentis ) of Bosnia and Herzegovina

Supplement S2. Asparago tenuifolii-Quercetum pubescentis (A - lower tree layer, B - shrub layer, C - herb layer).
Beilage S2. Asparago tenuifolii-Quercetum pubescentis (A - untere Baumschicht, B - Strauchschicht, C - Krautschicht).
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Quercetalia pubescentis
Fraxinus ornus
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Tilia platyphyllos
Primula vulgaris
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Symphytum tuberosum
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Poa nemoralis
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Salvia glutinosa
Campanula trachelium
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In one or two relevés:
A: Ostrya carpinifolia 18:1; Sorbus aria 9:1; Ulmus minor 7:+;

B: Acer platanoides 6:r; Acer pseudoplatanus 1:r, 14:r; Acer tataricum 14:r; Euonymus verrucosus 2:+; Fagus sylvatica 3:r, 14:r; Lonicera xylosteum 2:1; Malus sylvestris 2:r, 12:+; Ostrya carpinifolia 11:+, 15:+; Populus
tremula 3:r; Rhamnus catharticus 5:r; Rosa canina 3:1, 8:+; Rosa gallica 5:+; Salix caprea 3:1; Sorbus aria 2:+; Sorbus domestica 1:v, 4:r; Staphylea pinnata 18:r; Tilia cordata 1:x; Ulmus minor 2:+, 7:+; Viburnum lantana
16:1, 18:2;

C: Achillea millefolium 3:r; Ajuga reptans 3:r; Anemone nemorosa 2:+, 6:+; Anthericum ramosum 16:1; Aposeris foetida 1:1, 4:+; Arabis hirsuta 2:r; Arabis turrita 2:r, 8:1; Arum maculatum S:r; Asperula purpurea 7:+,
15:+; Asplenium trichomanes 2:+, 8:1; Briza media 10:+; Bromus erectus agg. 2:+, 9:+; Bromus ramosus agg. 2:r, 5:+; Buphthalmum salicifolium 5:+; Calluna vulgaris 3:+; Calystegia silvatica 7:+, 12:r; Campanula patula
3:r; Campanula persicifolia 4:x, 16:+; Cardamine enneaphyllos 2:r; Cardamine impatiens 7:1; Carex digitata 2:1; Carex divulsa s.l. 7:+, 13:r; Carex sylvatica 4:x, 14:r; Cirsium arvense 3:r, 10:+; Colchicum autumnale 2:+,
9:r; Cruciata laevipes 5:r; Cyclamen purpurascens 2:+; Daucus carota 10:r; Digitalis ferruginea 2:r; Digitalis grandiflora 15:x, 16:+; Dryopteris filix-mas 2:r; Elymus repens 7:+, 13:+; Epipactis atrorubens 10:r; Epipactis
microphylla 1:t; Ferulago sylvatica 5:1; Festuca pseudovina agg. 8:+; Helianthemum nummularium 3:+; Helleborus multifidus 5:+; Hepatica nobilis 2:r; Heracleum sphondylium 9:+; Hieracium murorum 1:+; Hieracium
piloselloides 7:r; Hieracium praealtum subsp. bauhinii 3:+; Inula hirta 16:2; Knautia drymeia 1:+; Lapsana communis 5:r; Lathyrus vernus 2:r, 18:+; Lilium martagon 2:+; Limodorum abortivum 13:+; Linum usitatissimum
3:+; Listera ovata 2:+; Luzula forsteri 6:+; Lychnis coronaria 5S:r; Medicago falcata 13:+; Medicago lupulina 8:+; Melica ciliata 7T:r; Melilotus officinalis 10:r; Mercurialis perennis 6:r; Mycelis muralis 9:r; Myosotis
sylvatica 7:+; Neottia nidus-avis 6:r; Orchis mascula subsp. signifera 3:r; Orchis purpurea 5:+; Origanum vulgare 7:+; Ornithogalum pyrenaicum 5:r, 11:r; Peucedanum carvifolia 3:+, 10:+; Peucedanum oreoselinum 1:r,
3:+; Picris hieracioides 3:+, 10:+; Plantago lanceolata 3:+; Plantago media 10:+; Platanthera bifolia 3:r; Platanthera chlorantha 2:+; Poa angustifolia 5:r, 9:+; Poa pratensis 1:r, 13:+; Poa trivialis s.l. 3:+; Polygala comosa
3:4, 10:+; Polypodium vulgare 8:+; Ranunculus serpens 3:r, 10:r; Sanguisorba minor s.l. 3:+, 10:+; Scutellaria altissima 12:x, 15:1; Sedum album 8:2; Sedum hispanicum 8:+; Sedum telephium subsp. maximum 2:r, 11:r;
Serratula tinctoria 4:r; Silene italica 6:+; Silene nemoralis 1:r; Silene vulgaris 10:+, 13:1; Smyrnium perfoliatum 5:+; Solidago virgaurea 16:+; Stachys recta s.l. 7:+; Stellaria holostea 7:+, 15:1; Taraxacum officinale 5:r;
Torilis arvensis 8:+; Trifolium pratense 10:r, 12:+; Trifolium rubens 1:r; Veronica officinalis 3:r; Veronica urticifolia 18:r; Vicia cassubica 4:x, 9:r; Vicia cordata 1:r, 8:r; Vicia cracca 3:+; Vicia hirsuta 12:1;

Details of relevés (indicated in the following order: relevé number, GIVD EU-BA-001 relevé number, relevé area (mz), altitude (m), aspect, slope (degrees), cover (%) A-B-C, species richness (total), date (year/ month/day),
description of locality, latitude, longitude) : 1. 175, 400, 605, SE, 25, 100-90-80, 72, 20120608, Gornja Paklenica (Ozren), 44.629666, 18.162072; 2. 26, 200, 830, W, 7, 60-70-70, 63, 20110518, Lunjevac-Grabez (Grabez),
44.616287, 17.036486; 3. 37, 400, 610, S, 15, 60-30-100, 60, 20110529, Preslica-Kremenjak (Ozren), 44.632978, 18.160477; 4. 176, 400, 620, SE, 25, 100-90-50, 56, 20120608, Gornja Paklenica (Ozren), 44.629253,
18.161252; 5. 58, 600, 750, S, 10, 70-70-90, 49, 20110602, Gornja Suvaja (Bos. Petrovac), 44.620666, 16.308606; 6. 190, 400, 890, S, 15, 80-90-60, 44, 20120615, Lisina (Kozara), 44.968003, 16.971268; 7. 214, 400, 480,
S, 27, 70-60-30, 45, 20120622, Ruj (Ozren), 44.626437, 18.116014; 8. 36, 200, 607, SE, 35, 40-80-10, 47, 20110529, Preslica-Kremenjak (Ozren), 44.633685, 18.160882; 9. 189, 900, 890, S, 11, 60-50-60, 43, 20120615,
Lisina (Kozara), 44.968057, 16.973232; 10. 38, 200, 603, S, 15, 60-50-100, 45, 20110529, Preslica-Kremenjak (Ozren), 44.632674, 18.160281; 11. 193, 400, 740, E, 16, 90-80-60, 38, 20120615, Lisina (Kozara), 44.964543,
16.975779; 12. 217, 400, 500, S, 20, 60-80-60, 41, 20120622, Ruj (Ozren), 44.626173, 18.118823; 13. 90, 100, 375, S, 30, 40-90-90, 41, 20110701, Doborovci-Prisoje (Majevica), 44.754918, 18.377155; 14. 177, 400, 450, S,
25, 100-90-10, 34, 20120608, Gornja Paklenica (Ozren), 44.620548, 18.163193; 15. 216, 400, 530, S, 28, 70-80-50, 37, 20120622, Ruj (Ozren), 44.626669, 18.118257; 16. 86, 300, 281, SE, 22, 50-70-80, 38, 20110630,
Ugljevik (Prokos), 44.683993, 18.993239; 17. 87, 200, 370, S, 40, 60-10-40, 29, 20110701, Doborovci-Prisoje (Majevica), 44.754763, 18.377393; 18. 85, 200, 285, S, 18, 70-90-10, 30, 20110630, Prokos (Ugljevik),
44.683786, 18.992483.
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Supplement S3. Aceri obtusati-Quercetum petraeae ass. nov. hoc loco, holotypus: relevé 9 (Al - upper tree layer, A2 - lower tree layer, B - shrub layer, C - herb layer).

Beilage S3. Aceri obtusati-Quercetum petraeae ass. nov. hoc loco, Holotypus: Aufnahme 9 (A1 - obere Baumschicht, A2 - untere Baumschicht, B - Strauchschicht, C - Krautschicht).

Relevé number 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
Characteristic species of the association
Quercus petraea agg. Al 4 4 5 4 3 5 5 3 3 3 3 3 3 3 3 3 4 3
B 2 2 3 1 1 1 2 2 1 . + .
C 3 . . 1 . + 1 3 1 1 1 + . + .
Carpinus orientalis A2 4 4 1 2 5 3 4 3 2 3 3 2 5 1 2 . 2 5
B . 1 2 1 1 4 2 4 1 1 1 1 2 4 1 2 +
Carpinus betulus A2 1 + + r 1 2 2 4 3 1 + 4 . 1 .
B + + . r + 1 r 2 + + . . . + + +
Acer obtusatum A2 + 2 2 + 1 2 . + 2 + 2 +
B + 1 2 . + + . + 1 . + 1 1 + .
Helleborus odorus C + + r + + + + r + 1 + + + + + + 1 +
Cruciata glabra C 1 r + 1 + + 1 + + + + + + 1 + + 1
Quercetalia pubescentis
Fraxinus ornus A2 + 1 1 + 1 + 1 1 . 1 + 1 + 2
B 1 1 2 1 1 + 1 1 1 . 1 1 2 1 2 + +
Sorbus torminalis A2 . + + 1 2 . 1 . + +
B + + 2 + + 2 1 + 1 1 + + 1 + r + + +
Quercus pubescens A2 1 1 2
B . . . + . . + . . .
Cornus mas B 2 2 1 1 1 1 2 2 + + 2 2 2
Euonymus verrucosus B . + . . 1 . r . . + +
Tamus communis C 2 + . + r + + + + + 1 + + + + + +
Festuca heterophylia C 1 2 1 + 2 1 r 1 1 + + 2
Potentilla micrantha C + + + 1 1 r + + + . + + +
Lathyrus niger C + + r + . 1 + 2 2 + . r +
Lathyrus venetus C + + 1 + + . 1 + +
Melittis melissophyllum C 1 . + + + + r + +
Tanacetum corymbosum C r r . r + + + . r + .
Viola hirta agg. C r r + r . r . r . + +
Buglossoides purpurocaerulea C . + r + r 1 +
Carex flacca s.l. C + + + 2 + 1
Veratrum nigrum C r r + + +
Clinopodium vulgare C r + . + + +
Luzula forsteri C + + + r +
Calamintha sylvatica C + . + + +
Asparagus tenuifolius C + + + r
Sesleria autumnalis C r . 3 4 2
Campanula persicifolia C r r + .
Platanthera chlorantha C + . + r +
Iris graminea C + r r
Betonica officinalis C r r +
Querco-Fagetea
Acer campestre A2 + + . + + 1 1 + 1 + + +
B 1 + + + 1 1 + + + 1 1 1 1 1 1
Pyrus pyraster A2 1 + . 1 .
B 2 + + + + 2 + 2 2 + + + +
Malus sylvestris B 1 r . r 1 . . + .
Rosa arvensis B 2 + 1 + 2 1 r + + 2 + + 1 2 1 +
Hedera helix B . + + + + r + 2 r 1 r +
Corylus avellana B 1 . + + . + r
Rubus hirtus B r r . . 1 r +
Glechoma hirsuta C 3 . 1 + + + r + + + + + 4
Brachypodium sylvaticum C + 1 + 1 1 + 1 1 1 1 . +
Melica uniflora C 2 + 1 r 2 . 2 + 2 . + +
Dactylis glomerata s.l. C r 1 r 1 r + + + + + .
Ajuga reptans C + r r . + r + + . r + +
Veronica chamaedrys C + r 1 + . r + r + +
Galium schultesii C + r r + + 2 1 + 1
Geum urbanum C 1 1 + . + + + 1
Fragaria moschata C + + + + . 1 1 +
Poa nemoralis C + . r r 1
Hepatica nobilis C + +
Carpinion, Erythronio-Carpinion
Prunus avium A2 . + . 1 . 1
B 1 + + r + r 2 + 1 1 2 + + 1
Tilia platyphyllos Al . 1 .
B . r + r . .
Primula vulgaris C + r + + r + 1 1 + + 1 1 + +
Aposeris foetida C . r 1 . + 1 1 + 1
Cyclamen purpurascens C . . r + r + + + +
Ornithogalum pyrenaicum C r + 1 +
Fagetalia
Fagus sylvatica B . r . + . + . r .
Sanicula europaea C 1 + r . + 1 + + 2 + + r + .
Symphytum tuberosum C 1 . + + r r + + + + + + +
Aremonia agrimonoides C 1 + . 1 + . 1 . r + + + + + 1
Stellaria holostea C 1 + 1 1 + + 1 . + + + 2
Pulmonaria officinalis C + . + + + + + + . +
Lathyrus vernus C 1 r + + r + . . . + +
Cephalanthera longifolia C r . + + r r .
Cardamine bulbifera C r r + + + +
Carex sylvatica C . r + + 1 2 + .
Asarum europaeum C + r . + T . +
Lilium martagon C r r r + +
Galium odoratum C r . r . . + +
Campanula trachelium C r r r r
Polygonatum multiflorum C + r + . +
Euphorbia amygdaloides C . r + . + .
Anemone nemorosa C r 1 . 1
Polystichum setiferum C r + + .
Geranium robertianum C r +
Rhamno-Prunetea
Crataegus monogyna B 2 + + + 2 + + + + 2 2 + + 2 r 2 2
Ligustrum vulgare B 2 + 1 + + + + + + 1 + 1 2 2 + 2
Viburnum lantana B 2 + r + + 2 + . + 2 . 2
Clematis vitalba B + + + + + + +
Cornus sanguinea B + + . 2 .
Prunus spinosa B r + +
Companions
Acer tataricum B + . 2 + + 1 +
Juniperus communis B + 1 r + r
Fragaria vesca C . + + + + + + +
Hieracium sabaudum C r 1 1 r r . r
Pteridium aquilinum C r r . r + .
Smyrnium perfoliatum C r + . 1 +
Asplenium trichomanes C r . + +
Galium mollugo agg. C + . + r
Colchicum autumnale C + . r +
Serratula tinctoria C r + +

In one or two relevés:
Al: Acer pseudoplatanus 15:1; Fagus sylvatica 9:1; Quercus cerris 11:2; Tilia tomentosa 8:2;
A2: Acer hyrcanum subsp. intermedium 16:+; Acer monspessulanum 15:1; Cotinus coggygria 8:1; Populus tremula 4:r; Quercus robur 4:r, 16:1;

B: Acer hyrcanum subsp. intermedium 16:+; Acer monspessulanum 9:+; Acer pseudoplatanus 12:r; Chamaecytisus hirsutus agg. 10:r; Cotinus coggygria 8:2; Euonymus europaeus
16:+; Genista tinctoria 2:r; llex aquifolium 12:+; Juglans regia 6:r; Rosa canina 16:+; Rosa gallica 4:+; Rubus canescens 11:r, 17:+; Rubus fruticosus agg. 16:+; Ruscus aculeatus
8:1; Ruscus hypoglossum 8:+; Sorbus domestica 10:+; Tilia tomentosa 16:+; Ulmus glabra 12:+;

C: Acer tataricum 4:+, 8:+; Aegopodium podagraria 4:r; Agrimonia eupatoria 12:+; Allium carinatum 16:1, 17:+; Anemone ranunculoides 13:+; Anthyllis vulneraria s.l. 16:r; Arabis
turrita 13:r; Aristolochia lutea 12:+, 14:+; Arum maculatum 15:+; Asplenium adiantum-nigrum 5:+; Brachypodium pinnatum s.l. 10:r, 11:1; Bromus ramosus agg. 15:r; Campanula
rapunculus 4:r; Carex caryophyllea 3:r, 11:+; Carex digitata 13:+; Carex divulsa s.l. 3:r; Carex humilis 17:+; Carex montana 10:+, 18:r; Carex pilosa 9:1, 15:2; Centaurium
erythraea 17:1; Cephalanthera damasonium 10:r; Crocus vernus 10+, 15:4; Daucus carota 16:r; Dorycnium pentaphyllum subsp. germanicum 11:x; Dryopteris filix-mas 15:+;
Epimedium alpinum 8:+, 12:3; Epipactis helleborine 12:r; Erythronium dens-canis 15:r; Euphorbia cyparissias 11:x, 16:r; Fagus sylvatica 17:+; Festuca drymeja 8:+; Festuca
pseudovina agg. 11:+; Filipendula vulgaris 17:+; Fragaria viridis 6:1, 16:2; Galanthus nivalis 15:+; Galium lucidum 3+, 17:r; Geranium phaeum 16:r; Heracleum sphondylium
12:+; Hieracium pilosella 17:r; Knautia drymeia 10:r, 12:+; Lamiastrum galeobdolon s.l. 15:r, 18:1; Lapsana communis 3:+, 4:r; Limodorum abortivum 12:r; Luzula pilosa 18:+;
Melampyrum nemorosum 5:r, 10:+; Melica nutans 8:+, 10:+; Mercurialis perennis 13:r; Milium effusum 3:r; Moehringia trinervia 2:r; Monotropa hypopitys 1:r; Mycelis muralis 4:r,
12:+; Neottia nidus-avis 1:1; Orchis mascula subsp. signifera 8:r; Orchis pallens 8:r; Orchis purpurea 10:+; Peltaria alliacea 16:r; Peucedanum cervaria 10:r; Pimpinella saxifraga
11:+; Poa angustifolia 11:+; Poa bulbosa 18:+; Poa pratensis 18:+; Poa stiriaca 1:+; Poa trivialis s.l. 11:+; Prunella laciniata 17:r; Prunella vulgaris 16:+, 18:+; Quercus robur
16:+; Salvia glutinosa 11:r; Scabiosa cinerea 17:r; Scrophularia canina 4:r; Sedum ochroleucum 4:+; Sedum telephium subsp. maximum 5:r; Silene viridiflora 3:r, 10:r; Taraxacum
officinale 7:x, 18:r; Teucrium chamaedrys 17:+; Torilis arvensis 3:r; Vicia incana 6:r; Vicia sepium 16:+; Vincetoxicum hirundinaria S:r, 8:1;

Details of relevés (indicated in the following order: relevé number, GIVD EU-BA-001 relevé number, relevé area (mz), altitude (m), aspect, slope (degrees), cover (%) Al-A2-B-C,
species richness (total), date (year/ month/day), description of locality, latitude, longitude): 1. 357, 600, 630, W, 7, 70-90-40-70, 42, 20060714, Lokvari (Cememica), 44.478096,
17.221944; 2. 273, 900, 670, SE, 20, 60-80-20-20, 44, 20120715, Macanovi¢i (Gornji Ribnik), 44.414359, 16.791114; 3. 205, 900, 550, S, 20, 80-20-90-40, 44, 20120619, Pod
Kozara¢kim kamenom (Kozara), 44.999114, 16.851495; 4. 353, 400, 390, SW, 24, 70-10-20-50, 47, 20060622, Zanjive (Cemernica), 44.482548, 17.189132; 5. 272, 400, 630, SW, 25,
50-90-10-60, 43, 20120715, Macanovi¢i (Gornji Ribnik), 44.415449, 16.79457; 6. 382, 400, 740, S, 16, 80-30-80-75, 42, 20070428, Gradina-Laki¢i (Cemernica), 44.481725,
17.232884; 7. 308, 400, 330, S, 12, 90-70-40-50, 40, 20140624, Cié¢ina kosa-Gradina (Bodac), 44.545322, 17.147555; 8. 20, 400, 390, SE, 22, 40-60-75-35, 49, 20110512, Orlovaca
(Staréevica), 44.746764, 17.183268; 9. 124, 900, 575, W, 15, 60-90-20-70, 57, 20120519, Sehovci-Kalabusa (Manjaga), 44.47012, 17.153803; 10. 117, 400, 545, W, 15, 35-70-30-70,
67, 20120519, Sehovci-Koji¢i (Manjaga), 44.47, 17.151052; 11. 140, 400, 396, SE, 15, 40-90-20-20, 49, 20120528, Cokori (Manjaca), 44.792985, 17.106228; 12. 1083, 400, 350,
SW, 22, 40-30-70-70, 50, 20030514, Cer (Staréevica), 44.750141, 17.210474; 13. 125, 400, 508, NE, 20, 40-90-50-80, 49, 20120519, Dabrac-Bujadnica (Manjaca), 44.486072,
17.157986; 14. 1099, 400, 560, SE, 20, 50-70-90-20, 40, 20100615, Medugorje-Gaji¢i (Manjaca), 44.680146, 17.068446; 15. 123, 900, 573, NE, 22, 50-40-10-60, 59, 20120519,
Sehovci-Budelj (Manjaca), 44.466552, 17.158128; 16. 391, 400, 505, -, 4, 45-10-80-40, 56, 20070811, Gajevi (Cemernica), 44.498221, 17.193166; 17. 355, 400, 480, W, 14, 70-20-5-
10, 42, 20060711, Papazov do (Cemernica), 44.51283, 17.1908; 18. 403, 400, 550, W, 7, 40-90-30-90, 44, 20090513, Duge njive (Cemernica), 44.542332, 17.18897.
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Appendix E1. List of species merged to aggregates (agg.), broadly defined taxa (s.l.) or taxa deviating from TUTIN et al. (1968-1993) or
not included therein.

Anhang El. Liste der zu Aggregaten (agg.) zusammengefassten, weit definierte (s.l.) oder von TUTIN et al. (1968-1993) abweichende
bzw. dort nicht aufgefiihrte Taxa.

Acer hyrcanum subsp. intermedium = Acer hyrcanum subsp. intermedium sensu The Plant List (2013) [= Acer hyrcanum subsp.
intermedium (Panci¢) Palam.]

Allium carinatum s.1.: A. carinatum subsp. carinatum and subsp. pulchellum
Anthyllis vulneraria s.1.: A. vulneraria subsp. polyphylla and subsp. vulneraria
Brachypodium pinnatum s.1.: B. pinnatum subsp. pinnatum and subsp. rupestre
Bromus erectus agg.: B. erectus subsp. condensatus, B. erectus and B. pannonicus
Bromus ramosus agg.: B. benekenii and B. ramosus

Carex divulsa s.1.: C. divulsa subsp. divulsa and subsp. leersii

Carex flacca s.1.: C. flacca subsp. flacca and subsp. serrulata

Carex muricata s.1.: C. muricata subsp. muricata and subsp. lamprocarpa
Centaurea scabiosa agg.: C. scabiosa and C. grinensis subsp. fritschii
Chamaecytisus hirsutus agg.: C. ciliatus and C. hirsutus

Coronilla emerus s.1.: C. emerus subsp. emeroides and subsp. emerus

Dactylis glomerata s.1.: D. glomerata subsp. aschersoniana and subsp. glomerata
Festuca pseudovina agg.: F. rupicola, F dalmatica, F. ovina and F. pseudovina
Galium mollugo agg.: G. album and G. mollugo

Genista sylvestris subsp. dalmatica: Genista sylvestris subsp. dalmatica sensu The Plant List (2013) [= Genista sylvestris subsp.
dalmatica (Bartl.) H.Lindb.]

Lamiastrum galeobdolon s.1.: L. galeobdolon subsp. flavidum, subsp. galeobdolon and subsp. montanum
Poa trivialis s.1.: P. trivialis subsp. sylvicola and subsp. trivialis

Potentilla tommasiniana: Potentilla tommasiniana sensu The Plant List (2013) [= Potentilla tommasiniana F.W.Schultz]
Primula veris s.1.: P. veris subsp. columnae and subsp. veris

Pseudofumaria alba s.1.: P. alba subsp. alba and subsp. leiosperma

Quercus petraea agg.: Q. dalechampii, Q. petraea and Q. polycarpa

Rhamnus saxatilis s.1.: R. saxatilis subsp. saxatilis and subsp. tinctorius

Rubus fruticosus agg.: R. candicans, R. discolor and R. fruticosus

Sanguisorba minor s.1.: S. minor subsp. minor and subsp. muricata

Satureja montana s.1.: S. montana subsp. illyrica and subsp. montana

Scilla lakusicii: Scilla lakusicii sensu The Plant List (2013) [= Scilla lakusicii Sili¢]

Stachys recta s.1.: S. recta subsp. recta and subsp. subcrenata

Verbascum nigrum s.1.: V. nigrum subsp. abietinum and subsp. nigrum

Viola hirta agg.: V. hirta and V. alba
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