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In memory of Bálint Zólyomi

1 Introduction

The flora and vegetation of the Pannonian region in the 
Carpathian Basin, which is situated southeast in the heart of 
Central Europe, is unique in several aspects. Resulting from 
its location it is a crossroads for the European, sub-mediter-
ranean and eastern-continental species and vegetation types 
(see Pócs 2000). The continental European latitudinal system 
of zonobiomes becomes distorted in this basin due to the con-
stellation of the surrounding mountain chains (Varga 1989, 
1995). These made the Pannonian region of interest for the 
analysis of large-scale vegetation patterns that is also support-
ed by the considerable amount of literature and accumulated 
expert knowledge waiting for a synthesis.

The landscape and region as spatial scales of vegetation 
phenomena

In our paper we focus on landscape and coarser scale 
patterns and phenomena. There is a variety of landscape 
definitions (e.g., Forman and Gordon 1986, Zonneveld 1990, 

Gergel and Turner 2002, Élesztős and Rostás 2003). We take 
the holistic approach and define landscape as a uniform part 
of the Earth surface that is a result of interactions between 
geological, climatic and ecological factors and that is dis-
tinct from other land-units in terms of geology, topography, 
hydrology, and biota (Kádár 1965, 1975, Kondracki 1966, 
Zonneveld 1990, Élesztős and Rostás 2003). 

Plant communities in a landscape interact with one an-
other at the centuries time scales through species pools, cy-
cles of nutrients, water, creating unique vegetation-landscape 
patterns reflecting historical assembly modified (in the last 
centuries in particular) by human influences. Nonetheless, be-
sides differences that make neighbouring landscapes distinct 
(enhanced when barriers between landscapes are strong), 
landscapes also share features that allow their classification 
into larger-scale units (e.g., Küchler 1973, Bailey 1996, Leser 
et al. 1997). If vegetation is of main concern, the region can 
be viewed as an area composed of several landscapes that 
are geographically more or less homogeneous and have simi-
lar vegetation or similar repeated mosaics of different land-
scapes. The variability of the species composition of plant 
communities, their position in the vegetation complex, and 
the regularities of their spatial distribution may be best as-
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sessed by studying the repetitions within the landscapes of 
a region. Even the range of ‘endemic’ communities usually 
encompasses several landscapes. Thus, it is not only the land-
scape scale, but also the region that may represent a natu-
ral scale in the spatial division of the vegetation (Dierschke 
1994). Biogeography also acknowledges this as demonstrat-
ed by the considerable literature on the delineation of bio-
geographical regions (Brown and Lomolino 1998, Cox 2001, 
Rueda et al. 2006 etc.).

Vegetation science uses many tools to recognize and 
describe vegetation patterns. Among those the use of spe-
cies composition to recognize and characterize vegetation 
(such as associations), and mapping (spatial presentation 
and analysis) of the recognised vegetation units are the most 
widely ones used in Central Europe, dominated by the Braun-
Blanquet approach (Braun-Blanquet 1964; Westhoff and 
van der Maarel 1973, Dierschke 1994) and known also the 
as Zürich-Montpellier method. Importantly, this approach 
also recognises the vegetation geographical aspect address-
ing for instance the determination of distribution ranges of 
the vegetation units and their role in landscapes and larger 
geographic framework. The practicing of so called ‘syn-
chorology’ (Dierschke 1994) as part of phytosociology has 
lead to the recognition of endemic associations (for seminal 
papers on the topic pertinent to Hungary by Rezső Soó (Soó 
1964, 1968, 1973, 1980, and literatures cited therein) and by 
Attila Borhidi (Borhidi 2003, Borhidi et al. 2013). The role 
of vegetation mapping (seen by phytosociologists as part of 
‘synchorology’) typically produces vegetation maps – spatial 
models of vegetation for landscapes or for smaller localities 
(for an overview of Hungarian vegetation maps consult Fekete 
1999); country-scale maps pertinent to our region have also 
been constructed (e.g., Zólyomi 1967, 1989, Niklfeld 1973, 
Michalko et al. 1986).

A new approach to analysis of vegetation pattern at  
broader scales

Here we introduce an approach, long time in making and 
with elements appearing in the literature earlier (Fekete and 
Varga 2006, Fekete et al. 2012). We suggest that the follow-
ing three criteria are of vital importance to understand the 
vegetation patterns at regional scale: distributional regularity, 
distributional deviation and compositional uniqueness. 

1. Distributional regularity. On a vegetation map, a whole 
series of spatial arrangement patterns may be seen. It is the 
spatial order of plant communities on the maps as well as 
their spatial position relative to others that are more or less 
consistently repeated in space. The series of arrangements 
eventually leads to the recognition of regularities of distri-
bution (or shortly regularity) that determine the structure of 
the vegetation mosaic. Such regularities often may be identi-
fied on coarse-scale potential-vegetation (Tüxen 1956) maps 
depicting usually zonal vegetation phenomena. In fact, these 
regularities make prediction possible and contribute to the 
definition of regional rules.

2. Distributional deviation. The rules, which manifest them-
selves in spatial regularities, may occasionally be violated. 
In order to cover this case, we introduce a second criterion 
–distributional deviation or shortly deviation that we define 
as a conspicuous departure of the studied vegetation phenom-
enon from the expected pattern (expected either by expert 
knowledge or by modelling predictions based on macrocli-
mate alone). Deviation is a unique phenomenon. Patterns 
that occur repeatedly are not considered as deviations. To our 
knowledge the term ‘deviation’ has not been used in vegeta-
tion-ecological literature in this connotation so far. 

Regularities and deviations also develop at fine scales. 
Here, vegetation units exhibit rather clear preferences regard-
ing abiotic factors (for Hungarian examples, see Bölöni et al. 
2011). Deviations occur where prediction of vegetation units 
is uncertain if abiotic variables are used as explanatory vari-
ables and thus the observed vegetation is different from the 
predicted. Such patterns may arise due to the stochasticity of 
vegetation–environment relationships, which is also appar-
ent from predictive vegetation models (e.g., Davis and Goetz 
1990, Brzeziecki et al. 1993, Franklin 1995, Aszalós and 
Horváth 1998). 
3. Compositional uniqueness. Endemic plant communities 
exhibit unique species composition (compositional unique-
ness or shortly ‘uniqueness’). These syntaxa do not occur in 
any other regions (or if they do, their presence is insignificant 
or very localised). The identity/uniqueness of a region when 
defined by the vegetation is primarily based on its endemic 
communities.

For the sake of brevity, we suggest to call our approach, 
based on three corner-stone concepts as the RDU (Regularity-
Deviation-Uniqueness) conceptual framework.

2 Regularities

In our paper, we present a novel and succinct discussion 
of the Pannonian vegetation on the basis of the three corner 
stones of our new conceptual framework. This paper is an ad-
vanced version of the previous paper published in Hungarian 
(Fekete et al. 2012). 

As one of the most complete basins of the Earth, the 
Carpathian Basin does not favour the development of wide 
zones and belts with zonal vegetation (Varga 1989, 1995, 
Zólyomi 1989) (Table 1).

2.1 Vegetation belts

The main coarse-scale regularity in the Pannonian region 
is the spatial pattern of vegetation belts in the mountains, es-
pecially in the higher mountains of the Északi-középhegység 
(see Fig. 1, for the Hungarian toponymy). In most parts of the 
region, the altitudinally lowest belt is the forest–steppe belt in 
the Alföld. This belt tapers out at ca. 220–230 m of altitude 
on the foothills, and it is followed usually by Quercus cerris–
Q. petraea forests or occasionally (due to mesoclimatic rea-
sons) by Q. pubescens forests. The next belt is the Quercus 
petraea–Carpinus betulus forest belt, followed by the sub-
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montane Fagus sylvatica forests, and in the highest mountain 
ranges of the region – the montane beech forests.

2.2 Zonal pattern in the Dunántúl

Another observed regularity is the west–east zonal pat-
tern observed in the Dunántúl. The altitudinal belts of the for-
est types typical for the Pannonian mountains develop here at 
similar altitudes adjacent to one another, from the sub-atlantic 
and sub-mediterranean western Dunántúl to the more conti-
nental eastern Dunántúl as follows: beech forests, oak–horn-
beam forests, sessile oak–turkey oak forests and partly pubes-
cent oak forests, and the open forests of the forest steppe. The 
similarity of the patterns of altitudinal belts and latitudinal 
zones may be attributed to a basin effect, i.e., the strong con-
tinental influence of the Nagyalföld on the one hand, and the 
effect of the surrounding high mountains on the other. 

Quercus cerris–Q. petraea forests have been the most 
extensive forests in Hungary since ca. 8000 cal BP. This com-

munity is typical of both types of zonal patterns (latitudinal 
zones and altitudinal belts). These forests prefer deep soils, 
and therefore the majority of them occurs on level terrain or 
on gentle slopes. They may form a belt of substantial size – 
as wide as 400 meters. The growth of the two oak species is 
suboptimal in this environment, so they may survive at both 
margins of the belt, while their proportion changes accord-
ingly. The lower boundary of their belt is at altitudes spanning 
230–250 m in the mountains. The upper boundary is often at 
about 500 m, but this value is quite variable. In the Északi-
középhegység, they reach altitudes as high as 600–650 m, and 
exceptionally up to 800 m (Kovács 1975). Increasing con-
tinentality towards the northeast is supposed to drive these 
patterns. The forest–steppe belt also ends at higher altitudes 
at these places. In the Mátra Mts, for example, forest–steppes 
may occur at exceptionally high altitudes, such as 300–350 
m just below the belt of the closed Quercus petraea–Quercus 
cerris forests.

Table 1. Vegetation pattern regularities of the Pannonian region.

Phenomenon Landscape

Spatial pattern of vegetation belts: altitudinal gradient of communities (from forest steppe at 
low altitudes to beech forests at high altitudes) with a shift of vegetation belts upwards in the 
mountains with continental climate

Magyar-középhegység

Spatial pattern of vegetation zones: horizontal gradient of communities from east to west (from 
forest-steppe to beech forests)

Dunántúl

Gradual disappearance of sub-mediterranean communities widespread in the Dunántúli-
középhegység towards north-east, and of communities with continental character widespread 
in the Északi-középhegység towards south-west

Magyar-középhegység

Circular vegetation pattern of the Nagyalföld Nagyalföld

Figure 1. The map of 
the study region with the 
Hungarian toponymy used 
in the paper.
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2.3 Climate gradient along the Magyar-középhegység 

Another important regularity in the Pannonian region is 
the climate gradient along the Magyar-középhegység from 
southwest to northeast (Zólyomi et al. 1992). Several, mainly 
sub-mediterranean plant communities (e.g., both open and 
closed Quercus pubescens–Fraxinus ornus forests, dolomite 
grasslands; Jakucs 1961, Kun et al. 2000) widespread in 
the southwest (Dunántúli-középhegység) disappear towards 
northeast (either within this mountain range, or east of the 
Danube, in the western part of the Északi-középhegység). On 
the other hand, the frequency of several plant communities 
of continental character, mainly distributed in the northeast 
(e.g., various calcareous rocky grasslands, Spiraea media 
scrub), diminishes towards southwest (Zólyomi 1942).

2.4 Circular zonation in the Nagyalföld

As a consequence of the macroclimatic gradients from 
the periphery of the Nagyalföld towards the center of the ba-
sin, closed broadleaved deciduous forests cover the margins 
of the Nagyalföld in the north, north-east and east, and in the 
valleys of the Drava and Sava Rivers, while the greatest part 
of the Nagyalföld belongs to the forest–steppe zone (Fekete 
et al. 2010). Vegetation of the landscapes of the forest–steppe 
zone of the Nagyalföld mostly differs due to edaphic factors, 
primarily geological substrate (loess, calcareous and acid 
sand, saline soils on loose sand or hard clay; Kádár 1965), 
and hydrology (azonal aquatic vegetation). Species composi-
tion of plant communities on sand, saline soils, and on dry 
loess is clearly distinct from each other as well as from the 
zonal plant communities of the Pannonian forest zone. Yet 
even if the azonal vegetation is edaphically controlled, gra-
dients indicating climatic control may be demonstrated (e.g., 

the strong gradients of forest and steppe species from the pe-
riphery of the Alföld towards its center; Fekete et al. 2010). 

3 Deviations

Vegetation pattern deviations are exemplified always by 
individual causes that may not be easily formalised (Table 
2). We may distinguish zonal and extrazonal deviations in 
vegetation patterning. The zonal deviations are conspicu-
ous differences between the actual potential vegetation 
(sensu Somodi et al. 2012; for the closest approximation 
for Hungary, see Zólyomi 1989) and macroclimate-based 
expectations (Borhidi 1961). The extrazonal deviations are 
recognisable on potential vegetation maps, as unexpected in-
dividual features.

Extrazonal vegetation (sensu Walter and Breckle 1991) is 
commonly encountered in the study region. Typically, it can 
be mapped and predicted well, since its occurrence follows 
clear rules. Extrazonal stands usually occur close to their 
zonal occurrences, e.g., either on south- or on north-facing 
slopes. Extrazonal stands interpreted as deviations, however, 
are far from their zonal occurrences. The most apparent de-
viations that are the most suitable for the characterization of 
a region occur at the landscape level, and therefore we shall 
discuss them within the context of selected subregions. The 
last two examples, however, apply to finer scales and thus are 
discussed in the landscape context.

3.1 Őrség, Western Dunántúl

Perhaps the most apparent example of a deviation at the 
landscape scale is found in the Western Dunántúl. Here, in 
several landscapes, but primarily in Őrség, extensive stands of 
Pinus sylvestris intermixed with deciduous trees occur (Pócs 

Table 2. Vegetation deviation phenomena in the Pannonian region.

Phenomenon Landscape Putative cause of appearance or survival

Mixed deciduous-coniferous forests Western Dunántúl (Őrség) Vegetation history; mesoclimatic (sub-Atlantic  
climate) and edaphic factors (acid gravels)

Pinus sylvestris forests of  
cool-continental forest steppe

Kisalföld Vegetation history; local climatic and edaphic factors 
(sand)

Deciduous forests of cool-continental 
forest steppe

Gödöllői-dombvidék Mesoclimatic and edaphic factors to a smaller extent

Illyrian type distribution of  
vegetation belts

Bakony, Balatonfelvidék Early postglacial appearance of Fagus sylvatica; 
climate-induced decrease in the vitality of  
subcontinental forests

Mixed Tilia –Fraxinus excelsior 
forests

Északi-középhegység Early postglacial appearance of Tilia and Fraxinus  
before Fagus; competitive superiority of Tilia to 
Fagus in specific rocky outcrop habitat

Raised bogs at low altitudes northern Alföld, Északi-
középhegység

Vegetation history; mesoclimatic factors; Alföld: also 
edaphic factors (oxbows of meandering rivers on 
acidic substrate, oligotrophic groundwater)



16        Fekete et al.

1960, Tímár 2002). It is known that Pinus sylvestris was pre-
sent in Dunántúl during the last glaciation and formed patches 
of open taiga forest (Rudner and Sümegi 2001). These were 
transformed into closed and mixed taiga forests during the 
late glacial period (Willis 1997, Szántó and Medzihradszky 
2004, Juhász and Szegvári 2007). Survival of Pinus to the 
early and middle Holocene in Dunántúl is highly probable 
(Szántó and Medzihradszky 2004). 25–50% proportion of 
Pinus in the majority of pollen diagrams until 6700–7000 cal 
BP suggest that Pinus formed mixed forests with deciduous 
trees such as Quercus, Corylus, Ulmus, Fraxinus, Fagus in 
the Bakony, west of the Lake Balaton and possibly also in the 
Őrség. Retreat of Pinus to nutrient-poor habitats took place 
very likely during the second half of the Middle Holocene 
(8200-4200 cal BP; Walker et al. 2012), owing to the expan-
sion of Quercus, Fagus and Carpinus betulus. The frequency 
of Pinus in the early Holocene can likely be explained by 
climatic factors. Similar forest composition has developed 
in the broader Baltic region, including Northern Poland, 
Belarus, and the neighbouring Russia. The boreo–continen-
tal, Illyrian and dealpine species of the Pannonian Pinus for-
ests in Őrség probably appeared in several waves during the 
Würm (probably during the first cooling of the würm starting 
around 110 kyr BP) and the early postglacial periods with 
cool-continental climate, although direct evidence for this is 
still missing. Intermingling of these floristic elements ren-
dered the local communities a unique character. By today, the 
likely direct connection to the Baltic Pinus sylvestris forests 
during the late glacial forest expansion has had diminished. 
Typical communities in the West-Dunántúl, especially in 
Őrség, such as transitional mires, willow swamps and fens, 
Calluna heath, birch heath, etc. (see Pócs et al. 1958), are rare 
in other parts of the Pannonian region. The reason why the 
presence of mixed Pinus forests is interpreted as a deviation 
is that the transformation of vegetation into pure broadleaved 
forests, such as acidophilous beech or oak forests did not take 
place here.

3.2 Kisalföld

Pinus sylvestris  disappeared on  the Alföld  about 9800–
10 000 years BP (Magyari et al. 2008, 2010) with one notable 
exception – the Kisalföld. There, in the vicinity of the cooler 
Bakony Mts at the border of the Dunántúli-középhegység (at 
Fenyőfő), pine stands grow on calcareous windblown sands. 
Beneath the loose forest canopy, the herbaceous vegetation 
receives enough light, and therefore plants typical of sandy 
grasslands co-occur here alongside few species typical of 
the pine forests (Monotropa hypopitys, Pyrola chlorantha, 
Veronica officinalis, etc.). The cover of mosses typical of co-
niferous forests is considerable on the forest floor. Some of 
the Pinus stands at Fenyőfő are considered autochthonous; 
most of them, however, are plantations dating from the 19th 
and 20th centuries (Pócs 1966, Majer 1988, Kevey 2008).

These forests cannot be regarded as a representative of 
the sub-mediterranean forest steppe, but rather as those of the 
northern cool-continental forest-steppe (cf. Niklfeld 1974). 
They are also similar to forests of the Ukrainian–Russian 

forest–steppe zone (Didukh et al. 2011). Their presence in 
the Pannonian region is regarded a deviation. According to 
pollen analytical studies (Mezőlak near Pápa; Juhász and 
Szegvári 2007), Pinus sylvestris was dominant during the 
early Holocene up to 6800–7000 cal BP, and was less abun-
dant later (5–20%; Juhász and Szegvári 2007). According to 
Juhász and Szegvári (2007), the high Early Holocene pollen 
frequencies suggest the last glacial origin of the Pinus forests 
in the Kisalföld (see also Sümegi 2007).

3.3 Gödöllői-dombvidék

Forests of the East European cool-continental forest–
steppe zone are primarily composed of broadleaved decidu-
ous trees rather than of conifers (Niklfeld 1974). Occurrence 
of such forests in the Carpathian Basin was hardly noticed 
until the 1960s when Fekete (1965) recorded that the usual 
altitudinal regularity of forest communities in the Északi-
középhegység was disrupted in the Gödöllői-dombvidék. The 
relatively low hilltops were not covered by the Pannonian 
Quercus cerris–Q. petraea forests as expected. Instead, the 
zonal forests there are represented by dry oak–hornbeam for-
ests in which Acer campestre, a common accompanying spe-
cies elsewhere, is abundant and grows into the upper canopy 
layer reaching the height of Carpinus betulus and the two 
local oak species (Quercus petraea and Q. robur) and their 
hybrids. Unlike in the widely distributed oak–hornbeam for-
ests in the country, elements of dry oak forests also occur in 
the herb layer of the Acer campestre-rich dry oak–hornbeam 
forests. The deviation is caused by the mesoclimate of the 
Gödöllői-dombvidék that appears to be more continental then 
the areas at the same altitude in the Északi-középhegység 
since the Gödöllői-dombvidék is almost completely sur-
rounded by the warm lowlands of the Nagyalföld. The mean 
temperature is slightly lower, however. The role and abun-
dance of the associated tree species (Fraxinus excelsior, Tilia 
cordata, Acer spp.) increase in the deciduous forests towards 
the east of Europe. In Western Moldavia and partly also in 
Ukraine, steppe forests, Quercus robur and Fraxinus excelsi-
or are widespread (Bohn et al. 2000, Didukh et al. 2011). The 
oak–hornbeam forests with Acer campestre in the Gödöllői-
dombvidék are in fact representatives of the deciduous forests 
of the East European cool-continental forest–steppe zone, 
with very similar species composition as those in Ukraine 
(Fekete 1965, Gribova et al. 1980, Molnár et al. 2008). Thus, 
this forest community is a deciduous equivalent of the Pinus 
sylvestris forests of the Kisalföld. The direct spatial connec-
tion of the forests of the Gödöllői-dombvidék to the cool-con-
tinental forest–steppe forests of Western Ukraine was most 
probable in earlier phases of the Holocene. Similar forests ex-
ist in form of small stands in northern Hungary and as rather 
extensive forests in the Mezőség (Câmpia Transilvaniei) in 
Transylvania, Romania. The link to the east is further em-
phasized by the fact that forest–steppe forests dominated by 
Tilia cordata were also identified in the Gödöllői-dombvidék 
on sandy soils (Fekete 1965). Such forests are encountered in 
the eastern part of the Russian forest–steppe zone between the 
Volga and Ural Rivers in Bashkortostan (Khairetdinov 2004) 
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and have been recently reported to occur also in the Southern 
Urals (Chytrý et al. 2010). As shown by pollen diagrams, 
similar forests with variable associate composition were 
widely distributed in the Nagyalföld and at the foothills of the 
Északi-középhegység in the Early Holocene (i.e., Tilia domi-
nance at Bátorliget between 11,200 and 10,800 cal BP; Willis 
et al. 1997, Magyari 2002a). The development of the forest–
steppe forest with Tilia in the Gödöllői-dombvidék may also 
have commenced in the Early Holocene (Willis et al. 1997).

3.4 Bakony and Balatonfelvidék

The absence of expected vegetation belts is also a sign 
of vegetation pattern deviation. This has been observed, for 
instance, in the Dunántúli-középhegység north of the Lake 
Balaton (Bakony and Balatonfelvidék). At about 400 m of al-
titude in the Bakony Mts, plateaus and gentle slopes are cov-
ered by beech forests. South of the Veszprém-Nagyvázsony 
line, towards the Balaton Lake, the potential vegetation pat-
terns change abruptly. The hilltops and plateaus are covered 
by dry oak scrub forests dominated by Cotinus coggygria, 
Quercus pubescens and Fraxinus ornus, while tall-grown 
beech forests are restricted to the north-facing slopes (Fekete 
and Zólyomi 1966). Not one, but two vegetation belts are 
missing here: the sub-continental Q. cerris–Quercus petraea 
and the Quercus petraea–Carpinus betulus forests that regu-
larly develop in these positions elsewhere in the Pannonian 
region. This situation is well documented on the potential 
vegetation map of Zólyomi (1989), while it is lacking on the 
map of zonal vegetation by Borhidi (1961) that was modelled 
on climate data as depicted in Walter-Lieth diagrams avail-
able for the mapping area. The close vicinity and even direct 
contact of the belts of mesic beech forests and dry pubescent 
oak forests, and their occurrence at the same altitude are unex-
pected in the Pannonian region. This phenomenon, however, 
exists elsewhere at a larger scale as for instance in the north-
ern part of the Dalmatian Karst as documented by the vegeta-
tion map made by Horvat (1962). A belt of pubescent oak 
forests is situated adjacent to the montane–submontane beech 
forests in the southern regions of the Eastern Alps as well as 
along the Adriatic coast (Bohn et al. 2000). One reason for 
the lack of vegetation belts in the Bakony–Balatonfelvidék 
area is a sudden change in climatic conditions. Coming from 
the north, moist air is forced upward by the Bakony Mts that 
leads to moisture precipitation in the northern section of the 
area. This provides humid mesoclimatic conditions for beech 
forests. In the southern section, on the Balatonfelvidék, de-
scending warm air masses create a rain shadow, which leads 
to the dominance of dry oak scrub forests.

This unusual spatial pattern of zonal communities could 
not have emerged if it had not been for the local vegetation 
history. Pollen and macrofossil data indicate that beech sur-
vived in small populations in the territory of Slovenia and 
on the Istrian Peninsula during the early interstadial stages 
of the Würm period (Culiberg and Sercelj 1995, Willis and 
van Andel 2004, Magri et al. 2006). Migration of beech start-
ing from this refuge may be detected during the early stages 
of the postglacial period between 11,500–10,200 yrs BP re-

sulting in beech abundance increasing rapidly in the Eastern 
Alps and in Western Hungary (Magyari 2002b, Magri et al. 
2006). Beech was detected in the Early Holocene north of the 
Lake Balaton between 8650 and 7950 cal BP (Juhász 2007). 
The first maximum pollen density of beech in the Balaton 
area was detected between 8000 and 6000 cal BP (Magyari 
2002b), just at the time when sub-mediterranean oak forests 
were the most extended (Lang 1994). We conclude that the 
current vegetation pattern may have developed rather early. 
At the beginning of this period, the xero-thermophilous char-
acter of the oak forests is indicated by the presence of Cotinus 
coggygria (Zólyomi in Fekete and Zólyomi 1966). Besides 
the early beech dominance, Ostrya/Carpinus orientalis was 
also detected (Fekete and Zólyomi 1966). Ostrya carpinifolia 
is a frequent and dominant species of mixed Quercus pube-
scens–Fraxinus ornus–Carpinus orientalis forests bordering 
on beech forests at the foothills of the Eastern Alps and in the 
Illyrian region. The unusual vegetation history of the Bakony-
Balatonfelvidék area also explains unique biogeographical 
phenomena, such as the fairly isolated occurrence of several 
West-Balkan elements (e.g., Achnatherum (Stipa) bromoides, 
Aethionema saxatile, Amelanchier ovalis, Chaerophyllum 
nodosus, Daphne laureola, Hippocrepis emerus, Prospero 
elisae, and Scutellaria columnae). This area constitutes one 
of the hot spots of floristic diversity in the Pannonian region.

3.5 Rocky forests in the Északi-középhegység

Deviation examples 1 through 4 represent deviations at 
the landscape scale. Deviations, however, are also observable 
at finer spatial scales. One of the most prominent examples 
is the case of forests on rocky outcrops and screes. On rocky 
slopes, periglacial screes of the Magyar-középhegység the 
high abundance of Tilia species is common resulting in for-
ests resembling oak–hornbeam forests apart from the pres-
ence of Tilia in the canopy. In certain rocky slopes of the 
Északi-középhegység though, the species composition of for-
ests is different even though the habitat is similar. The stands 
of these forests are dominated by lime (Tilia platyphyllos) and 
by ash (Fraxinus excelsior) and they form isolated islets in 
the sea of the surrounding zonal oak–hornbeam and beech 
forests (Zólyomi 1967). The dominant understorey species of 
this intrazonal community are elements of oak forests that are 
associated with species showing disjunct distributions, such 
as Andraea rupestris, Carex brevicollis, Waldsteinia geoides, 
etc. The main shrub component along the forest fringe of 
these forests is the eurosiberian–continental Spiraea media, 
associated with Cotoneaster niger, Rosa spinosissima, and 
many forest–steppe elements. At some locations continental 
meadow steppes with Dracocephalum ruyschiana also enter 
this vegetation mosaic. This continental mountain vegeta-
tion mosaic is separated from the forest–steppe belt of the 
foothills and lowlands by one or two, several hundred meters 
broad forest belts. Both ash and lime appeared earlier in the 
Északi-középhegység than beech. According to pollen data, 
ash and lime appeared in the mountains in 9600–9500 cal BP, 
whereas the first occurrence of beech is estimated at 6000 
cal BP (Willis et al. 1997). The Holocene pollen diagram of 
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Kőris marsh developed on the northern slope of the high-
est point in the Mátra Mts (near Kékes) suggests that lime 
formed mixed forests with spruce on the northern slopes of 
the Kékes between 8400–6100 cal BP, before the appearance 
of beech (Szabó and Félegyházi 1997, Magyari 2002a). These 
lime forests obtained their oak forest character probably in 
the Middle Holocene, when lime was present as an associ-
ated species in mixed oak forests at lower altitudes (Willis 
et al. 1997, Magyari 2002a, Gardner 2002). After the arrival 
of beech, lime, and probably ash too, survived only in rocky 
habitats of mountain summits and ridges where beech was 
competitively inferior (cf. Chytrý and Sádlo 1997). Thus the 
continental ash–lime forest is likely a remnant from vegeta-
tion historical times and represents a former phase of secular 
succession (Zólyomi 1967). Survival of the ash–lime forests 
and the formation of specific vegetation mosaic, have also 
been supported by the influence of continental climate that 
is apparent in the Északi-középhegység region (Kun 1998). 
These continental ash–lime forests are regarded as devia-
tions, as opposed to the regularity that such habitats typically 
foster lime forests similar to oak–hornbeam forests.

3.6 Sphagnum bogs of the northern Nagyalföld and the 
Északi-középhegység

Sphagnum bogs are exceptionally rare representatives 
of the boreal vegetation in Hungary, and thus their presence 
is unexpected and may be regarded as a deviation. Mires 
provide an opportunity to conduct a rather exact investiga-
tion into the question of being relics. Sphagnum bogs with 
Eriophorum spp. (and also willow swamps with peat mosses) 
are preserved in the Mohos Lakes at the northern foothills of 
the Bükk Mts, and in three lakes surviving in the northern 
Nagyalföld (106–124 m). We consider as plausible that these 
bogs originated in the Würm period, and have been continu-
ously present ever since. Indeed, pollen analytical studies 
found evidence of a mire community similar to brown moss 
bogs in the layers of 25,000–24,000 cal BP in the Nagymohos 
Lake, Bükk Mts (Magyari et al. 1999, 2000). Transitional 
Sphagnum mire developed twice during the Pleistocene 
(25,000–23,000 and 21,000–18,000 cal BP). Macrofossil evi-
dence indicates that several extant species (Sphagnum palus-
tre, S. magellanicum, Menyanthes trifoliata, Potentilla erecta, 
Drosera rotundifolia, Carex lasiocarpa) may be traced back 
to the Würm period. During the Holocene, stages of open lake, 
dried mire, floating bog were following one another up to the 
current stage, and Comarum palustre, Sphagnum palustre, 
and Sphagnum sect. Cuspidatum were recorded almost in the 
entire period of 25,000 years (Magyari et al. 2000). In con-
trast, such continuity from the Pleistocene (or even the Early 
Holocene) has not yet been supported by evidence either from 
the Bábtava transitional mire in the northern Nagyalföld or 
from the Bátorliget fen, both rich in relics but hosting cur-
rently no peat mosses (Willis et al. 1995, Sümegi and Gulyás 
2004, Magyari et al. 2008). We expect that evidence for the 
last glacial origin and continuity may be found in the future in 
one of the Sphagnum bogs of the northern Nagyalföld.

4 Uniqueness

Unique features of the natural vegetation are represent-
ed by those plant communities that do not occur outside the 
studied region, hence are endemic to the region as they have 
unique species composition (Table 3).

The vegetation of the Pannonian region is far from being 
composed of endemic communities only. Based on their spe-
cies composition, certain associations could fit into several 
landscapes of Central Europe. Others may be considered as 
outliers of the vegetation of neighbouring regions, such as the 
Illyrian beech forests and oak–hornbeam forests, the rocky 
grassland with Festuca dalmatica, the Carpathian calcareous 
rock grasslands, and the East Alpine dolomite grasslands. The 
Pannonian region, however, is not just a simple meeting area 
of vegetation types from the surrounding regions. Some of 
the unique vegetation types supporting endemic species de-
veloped here by the combination of species typical for the 
neighbouring regions and yet the unique species composition 
makes them characteristic for the region. The uniqueness of 
these communities for the Pannonian region is a dynamic 
feature. Recent studies on last glacial and post-glacial veg-
etation changes support the idea that communities continu-
ously disintegrated and reorganised, because the response to 
climate and consequently the dynamics of species’ ranges is 
greatly species specific (‘individualistic’; Bhagwat and Willis 
2008, Birks and Willis 2008, Stewart et al. 2010). During the 
last glacial period, for example, communities very different 
to those known today developed in the Pannonian region, 
including tundra steppe (so-called ‘mammoth steppe’), mac-
ro-ecotone of the tundra steppe and mixed taiga forests, and 
small pockets of cool-continental broadleaved forests (taiga 
forest–steppe, see Willis et al. 1995, Magyari et al. 1999, 
2000, Rudner and Sümegi 2001, Birks and Willis 2008, Varga 
2010).

The most important current endemic plant communities 
of the Pannonian region are the following:

4.1 Loess forest–steppe forests

The Pannonian forest–steppe forest on loess with Acer 
tataricum of the Nagyalföld and adjacent foothills of the 
Magyar-középhegység is an endemic zonal vegetation type. 
This is the dominant potential forest type in the Pannonian 
loess landscapes in the forest–steppe zone. The sub-mediter-
ranean pubescent oak (Quercus pubescens) is a permanent 
component of the canopy, particularly at the margins of the 
Nagyalföld. Quercus robur and the continental Acer tatari-
cum may co-dominate. In the forest interior, and especially 
along the edges, numerous tall herbs (e.g., Nepeta nuda 
subsp. nuda, Phlomis tuberosa, Veronica spuria) and grasses 
(e.g., Melica altissima) are found. In the glades, steppe ele-
ments are present in the herb layer (Molnár and Kun 2000). 
This forest–steppe forest differs by its mesophytic character, 
more species of oak, and better developed lower forest can-
opy when compared to similar vegetation dominated by Q. 
robur subsp. pedunculiflora and distributed along the lower 
Danube in Romania and Bulgaria (Zólyomi 1957). 
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4.2 Quercus pubescens–Fraxinus ornus and Cerasus  
mahaleb–Quercus pubescens forests

The dry and warm south-facing slopes of the Magyar-
középhegység support a mosaic of low-canopy, open forests 
(mainly with Quercus pubescens and Fraxinus ornus in the 
West and with Prunus mahaleb in the East) with dry rock 
steppes. The trees and most of the shrubs in this vegeta-
tion type have southern, mainly Balkan distribution ranges, 
whereas the herb layer is saturated (especially in the Északi-
középhegység) with species showing continental and sub-
mediterranean distribution ranges. This special combination 
of species is what makes our oak scrub forest community en-
demic or sub-endemic (Jakucs 1961).

4.3 Saline forest–steppe forests

There are other forest types endemic to the Alföld 
(Hungarian Lowland). Among them is the forest–steppe for-
ests on saline soils found mainly east of the Tisza River. In 
terms of their origin, some of these forests are ancient, and 
their stands developed naturally, possibly many thousand 
years ago. Besides, some of them developed secondarily from 
hardwood gallery forests in response to lowered groundwa-
ter level that followed river regulations in the 19th century 
(Molnár 1989, Molnár et al. 2012). The vegetation mosaic 
formed by forest and tall herb communities is unique (Molnár 
1989). The species-rich meadow steppes dominated by 

Peucedanum officinale and Galatella sedifolia are probably 
the westernmost outposts of an intrazonal tall-forb vegeta-
tion type distributed from Kazakhstan and Siberia to Eastern 
Europe.

4.4 Sand forest–steppe forests

The closed and open oak forests on sand in dry and semi-
dry habitats on the extensive Pannonian sandy landscapes 
are even more distinct from other Central European forests 
than the saline steppe forests. The separation of the open 
and closed subtypes has become rather difficult recently be-
cause their species composition converges due to the lowered 
groundwater table, which is caused partly by a long series 
of drought years since 1984, and partly by excessive water 
extraction and draining (Molnár et al. 2012). The oak forests 
on sand (beside the azonal oak–ash–elm riparian forests) are 
refugia of montane forest flora in the Alföld, including the 
pubescent oak (Q. pubescens; Fekete et al. 2010, Molnár et 
al. 2012).

All dry oak forests in the Pannonian region are charac-
terised by open canopy. It is particularly characteristic of 
pubescent oak forests in the Magyar-középhegység having 
species-rich forest saum and mantle (tall-herb forest fringe 
and thermophilous scrub, respectively) and are broken by 
glades occupied by patches of clonally spreading tall herbs 
(Fekete and Varga 2006). This is an essential difference from 
the forest-steppe forests of Ukraine and Russia, where the 

Community Landscape Main reasons for uniqueness status

Forest–steppe forests on loess Nagyalföld, Kisalföld and the mar-
gins of the Magyar-középhegység 

Rare representatives of the sub-mediterranean 
forest steppe with unique tree composition

Oak scrub forests with Quercus  
pubescens and Fraxinus ornus

Magyar-középhegység Canopy is composed of trees of southern distri-
bution, herb layer is rich in steppe elements

Forest–steppe forests and tall-herb 
meadow steppes on saline soil

Nagyalföld (Tiszántúl), Kisalföld Extremely rare forest type; the community of 
forest glades is the westernmost outpost of an 
intrazonal vegetation type distributed from 
Siberia and Kazahstan to Eastern Europe

Forest–steppe forests on sand Nagyalföld, Kisalföld Forests close to the climatic forest limit, act as 
sources and refugia for the montane flora on 
the continental Alföld

Vegetation mosaic of dry perennial 
Festuca vaginata grasslands with 
juniper–poplar forests on sand

Nagyalföld, partly on Kisalföld Edaphic grasslands composed of many en-
demic species and species of Pontic, Pontic–
Submediterranean distribution

Fine-scale mosaic of Artemisia- and 
Achillea steppes with Puccinellia and 
Camphorosma swards and salt lakes

Nagyalföld, partly on Kisalföld Presence of numerous Pannonian endemic spe-
cies and rare species with Pontic–Pannonian, 
and Irano–Turanian distribution ranges

Open dolomite grassland Dunántúli-középhegység Exclusive habitat of several Pannonian endem-
ics and specialists showing southern distribu-
tion

Dolomite rocky beech forests Dunántúli-középhegység Ecotone-like community with isolated occur-
rences of species of distant zones and belts 
(Allium victorialis, Calamagrostis varia, 
Carduus glaucinus) 

Table 3. Discussed endemic plant communities of the Pannonian region.
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extensive steppes surround tall, closed-canopy, mesic forests 
(Lavrenko and Sochava 1956, Berg 1958, Molnár et al. 2008, 
Didukh et al. 2011).

4.5 Vegetation mosaic on sandy soils

It is not just the forests but the entire vegetation mosaic 
on sand that is unique (Fekete 1992, Biró and Molnár 1998) 
to the Pannonian region. On coarse sand the oak forests are 
replaced by Juniperus communis–Populus alba–Populus 
x canescens forests forming either open-canopy scrub or 
closed forest, depending on water availability. The juni-
per–poplar forests form a mosaic with dry sand grasslands 
on the dunes and grasslands in terrain depressions. The dry 
perennial sand grassland is a highly edaphically specialised 
steppe community because the weak water retention capac-
ity of the coarse sand exacerbates the macroclimatic drought 
for many shallow-rooted species. The dominant species are 
Festuca vaginata, Stipa borysthenica, and in somewhat less 
extreme habitats Festuca wagneri. This community hosts 
many Pannonian endemics such as Festuca vaginata, F. 
wagneri, Colchicum arenarium, Dianthus diutinus, Iris hu-
milis, Sedum urvillei, Tragopogon floccosus, see Electronic 
Appendix). It occurs mainly on sand between the Danube and 
Tisza rivers. The other species in this vegetation are mainly 
Pontic, Continental, or Pontic–Submediterranean floristic 
elements. In the northeastern part of the Nagyalföld (Great 
Hungarian Lowland), on acid sands, endemic Pulsatilla fla-
vescens occurs. Along the Romanian–Bulgarian section of 
the Danube and further eastwards in Dobrogea and eastern 
Bulgaria and southern Ukraine, the dominant grass species 
is Festuca beckeri. Compared to Pannonian sand grasslands, 
stands close to the seashore in eastern Bulgaria have a more 
pronounced cryptogamous layer and a greater proportion of 
long-lived herbs (Rédei et al. 2008).

4.6 Saline vegetation mosaic 

The vegetation mosaic on saline soils has unique features 
(e.g., extension, endemic species and plant communities) in 
the Pannonian region as well. As anywhere in Eurasia, the 
fine-scale mosaic is determined by the microrelief, i.e., by 
the distance to the layer of salt accumulation, and the yearly 
dynamics of water regime (Tóth and Rajkai 1994, Molnár 
and Borhidi 2003). On solonetz soils, the short-grass steppes 
of Festuca pseudovina form mosaic with wet swards of 
Puccinellia distans subsp. limosa, and dry Camphorosma an-
nua patches. Saline swards appear especially in waterlogged 
habitats and around shallow salt lakes. In the fall, annuals and 
succulents appear on the dried-out lakebeds. The Pannonian 
saline vegetation has several dominant species in common 
with the saline areas of the forest–steppe zone of Eastern 
Europe (see Lysenko and Rakov 2010) and the zonation pat-
terns along the microtopographic gradients are also similar. 
However, the spatial proportion of saline grasslands in the 
landscape is far greater than anywhere else in the Eurasian 
forest–steppe zone (one–third of the Hungarian grasslands 
are saline; Molnár et al. 2008). The main reason is geologi-

cal − there are no other so extensive regions rich in elevated 
(sub)recent floodplain terraces on loess in the forest–steppe 
zone of Eurasia. 

There are several saline plant communities that are ende-
mic to the Pannonian region, such as the Plantagini tenuiflo-
rae-Pholiuretum pannonici, the Artemisio santonici-Festuce-
tum pseudovinae, the Agrostio stoloniferae-Beckmannietum 
eruciformis, the Lepidietum crassifolii, and the Suaedetum 
pannonicae. (The Cyperetum pannonici and the Achilleo 
setaceae-Festucetum pseudovinae seem to have subendemic 
status; P. Eliáš, D. Díté, Z. Melečková, pers. comm.). The 
vegetation of the extensive saline areas in the Alföld signifi-
cantly differs from the saline communities on the seashore 
regarding both the origin of their species and the dynamics 
of hydrological and geochemical processes. Connection to 
seashore communities is indicated only by a few species (i.e., 
Spergularia maritima), while related taxa occur frequently 
(i.e., Salicornia europaea vs. S. prostrata, see Kadereit et 
al. 2007; Bassia hirsuta vs. B. sedoides). The species group 
of Suaeda prostrata, S. pannonica, S. corniculata and S. 
salsa is particularly complicated in taxonomic and evolu-
tionary terms (Freitag et al. 1997, Freitag and Lomonosova 
2006, Weising and Freitag 2007). The characteristic species 
of the Pannonian saline plant communities have, however, 
frequently Pannonian, Pontic-Pannonian, or Turano-Iranian 
distribution ranges (see Electronic Appendix). Endemic spe-
cies and plant communities are indicative of a long evolution-
ary history of the Pannonian saline vegetation; it may have 
been a continuous landscape feature of the region since the 
Würm glaciation through the entire Holocene up to the pre-
sent (Sümegi et al. 2000, 2005, Molnár and Borhidi 2003). 
This assertion is also supported by the occurrence of some 
endemic phytophagous insects (Varga 1989). After all a size-
able area of the Alföld (except for the floodplains and other 
wetlands) is covered by endemic saline plant communities or 
their mosaics.

4.7 Open dolomite rocky grasslands

The dry (circum-pannonian) grasslands on Triassic do-
lomites develop on steep, erosion-prone south-facing slopes 
and on ridges covered with dolomite rubble. The proportion 
of sub-mediterranean elements and, accordingly, the propor-
tion of sub-shrubs is high (Futák 1947, Zólyomi 1958). This 
open-canopy grassland vegetation is dominated mainly by 
Carex humilis and Festuca csikhegyensis) and hosts lichen 
and moss synusia. These communities are the exclusive 
homes of several Pannonian endemics (Seseli leucosper-
mum, Dianthus plumarius subsp. regis-stephani); less hab-
itat-specific endemics (Vincetoxicum pannonicum, Ferula 
sadleriana, Hieracium kossuthianum) occur here as well. 
Furthermore, the single occurrence of the endemic Linum 
dolomiticum was also found in open dolomite grassland.

4.8 Dolomite beech forests

In the same mountainous areas, on dolomite bedrocks, 
a very unique forest community develops − the dolomite 
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beech forest. These low-grown forests develop mainly on 
steep north- and north–east facing slopes supporting shallow, 
skeleton-rich soils. The canopy of these forests is formed by 
Fagus sylvatica, trees of xerothermic sub-mediterranean oak 
forests (Quercus pubescens, Fraxinus ornus), and sometimes 
by Sorbus (S. aria, S. torminalis, and their hybrids). In the 
shrub layer Cotinus coggygria is the most prominent element. 
Carex alba is a frequent ground-layer graminoid, and Allium 
victorialis, Carduus defloratus subsp. glaucinus, Festuca am-
ethystina, Primula auricula etc.) are possibly relics from the 
last glacial period (Zólyomi 1958, Isépy 1970). 

4.9 Uniqueness: summary

It seems that Pannonian endemics are linked to a great-
er variety of communities (dry grasslands, rock grasslands, 
sand steppes, saline meadows, xero-thermophilous forests) 
than the do the broadly distributed Pontic–Pannonian species 
(see the Electronic Appendix). The diverse (spanning South-
Siberian to Balkan elements) biogeographical affinity of taxa 
in Pannonian rock grasslands is particularly noteworthy. The 
Pontic–Pannonian species, on the other hand, contribute to 
the species pool of the steppe vegetation to a much greater 
extent than do the Pannonian endemics.

References to the original descriptions of the vegetation 
types discussed above (and some other, more locally dis-
tributed endemic ones) can be found in the synthetic works 
cited at the beginning of this paper. Our view have been to 
a large extent influenced by research undertaken outside 
Hungary, in the neigbouring Slovakia, Austria, Romania, and 
former Yugoslavia (e.g., see Michalko 1957, Niklfeld 1964, 
Holub et al. 1967, Horvat et al. 1974, Jovanović et al. 1986, 

Michalko et al. 1987, Karrer and Kilian 1990, Ivan et al. 
1993, Mucina et al. 1993, Csiky 2004, Roleček 2005, Chytrý 
2007, 2009, 2011, Willner and Grabherr 2007, Illyés et al. 
2009, Dúbravková et al. 2010, Eliáš et al. 2013). 

5 The RDU framework and Heinrich Walter’s  
zonality theory 

Phenomena assessed by the three criteria of our RDU 
framework can be further analysed in the light of H. Walter’s 
zonality/azonality framework, as both describe geographical 
phenomena of large-scale vegetation patterns. The summary 
of this comparison is presented in Table 4. 

According to Walter’s theory zonal vegetation patterns 
develop under the control of macroclimate rather than by 
edaphic factors (for the European scheme of the zonal veg-
etation see Mucina 2013). Extrazonal communities are rep-
resentatives of a particular vegetation zone but are found 
outside that zone. Azonal vegetation patterns are controlled 
primarily by other than macroclimatic factors, such as spe-
cial soil conditions, salinity, water flooding and waterlog-
ging, hence this vegetation need not be restricted to particular 
zones (Walter and Straka 1970, Walter 1973, 1976, Walter 
and Breckle 1991; Rutherford et al. 2006). In the Russian and 
Hungarian literature (also see Rutherford et al. 2006) the term 
intrazonal vegetation is also used for those edaphic vegeta-
tion types that show a close association with a particular zone 
(see e.g., Jarosenko 1961, Zólyomi 1967). 

The two frameworks are independent from each other. 
Walter’s framework is a more or less homogenous system 
building on a few guiding principles. The RDU framework 

Table 4. Three criteria of our approach in relation to Heinrich Walter’s zonality conceptual framework (incl. discussed examples).

zonal vegetation extrazonal vegetation intrazonal vegetation azonal vegetation

distributional regu-
larities

pattern of zonal vegetation 
in the region, (e.g. altitudinal 
belts in and continentality 
gradient along the Magyar-
középhegység, zonation 
pattern in Dunántúl, cir-
cular zonal pattern on the 
Nagyalföld)

steppic grasslands on 
south-facing slopes of 
Magyar-középhegység 

montane closed-canopy 
mixed forests (Tilia–
Fraxinus)  on limestone

 

-

distributional de-
viations (onefold 
phenomena)

irregular distribution of 
zonal communities in the 
Bakony-Balatonfelvidék area

mixed Pinus sylvestris 
forests, cool-continen-
tal deciduous forests, 
(phenomena supported 
by mesoclimate and 
edaphic conditions) 

montane mixed forests 
(Tilia–Fraxinus) on 
limestone

Sphagnum bogs 
of the northern 
Nagyalföld

compositional 
uniqueness (endem-
ic communities) 

zonal forest–steppe forests 
on loess and sand 

 

- 

Alföld: open sand 
grasslands, juniper–
poplar forests, saline 
vegetation;  
Magyar- középhegy-
ség: Prunus mahaleb –
Quercus pubescens low 
forests, dolomite beech 
forests, rocky dolomite 
grasslands 

hypothetically not 
impossible
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is deliberately a non-homogenous, mixed system built both 
on non-spatial properties (e.g., composition and history) as 
well as spatial ones, such as altitudinal distribution, sequence 
of zonal communities in space, and their shift along macrocli-
matic gradient. The RDU framework addresses finer scales of 
spatial complexity (regions, landscapes). Our paper documents 
that the two frameworks give complementary explanation of 
vegetation spatial phenomena on meso- and macroscales.

6 Conclusions and outlook

In this paper, we introduced a new conceptual frame-
work (RDU) aimed at assisting analyses of vegetation pat-
terns at the region scale, and applied this framework to the 
Pannonian region. We shortly tackled the regularities of veg-
etation patterning discussing of zonal plant communities, in 
particular patterning of altitudinal belts, the basin effect of 
the Nagyalföld, and the effect of the increasing continentality 
to the East. Examples of deviations were found in most alti-
tudinal belts, and in both the broadleaved forest and the for-
est–steppe zones. Apparently, deviations developed mostly as 
a response to mesoclimate, special local edaphic situations, 
or as a consequence of special local vegetation history. We 
enumerated the most important endemic plant communities 
representing unique features. Most of them occur in the low-
lands or on the south-facing slopes of the mountain ranges 
fringing the central lowland part of the Carpathian Basin. 
The high amount of endemism is likely to be attributed to 
the fact that the Pannonian region was characterised by tran-
sitional climate during nearly the whole younger Quaternary. 
Transitional climates likely enhanced the relic-preserving 
processes, mostly through supporting a diversity of ecotones 
(Varga 2010). This assumption is supported by the observa-
tion that relic species (often species with island-like occur-
rences representing distant vegetation zones) prefer ecotones 
today (see Zólyomi 1987 for examples). Zólyomi (l.c.) also 
devised a method for recognising relics that uses the relative 
position (TWR indicator value) of vegetation relevés along 
three axes (T: temperature, W: water, R: acidity). The relevés 
containing relics show a transitional character along the axes 
of the above-mentioned indicators.

We suggest that our new conceptual framework could 
be applied to the analysis of other biogeographical regions, 
eventually allowing for inter-regional comparisons. It is 
more than likely that the weight and importance of each of 
our three criteria will be different in different geographical 
set-up. We present a potential example of such a comparison. 
The most closely related region to the Pannonian region is 
the area along the lower reaches of the Danube (Wallachia 
north of the Danube and a narrow strip of northern Bulgaria 
along the southern banks). This area borders on the Southern 
Carpathians in the north, on Dobrogea in the east, and on the 
mountain ranges of the Balkans (Stara Planina) in the south 
and in the southwest. Some of the Pannonian endemic and 
sub-endemic communities (open perennial grasslands on 
sand, saline steppes, loess steppes and loess forest–steppe 
forests) are closely related to the geographically analogous 
vegetation types occurring here. The pattern of vegetation 

belts is also similar at the first sight (Doniţa et al. 1960, 
Niklfeld 1974, Ivan et al. 1993, Bohn et al. 2000). However, 
the zones along the lower reaches of the Danube are driven 
by slightly different rules. In the zone of oak forests – and 
even in the forest–steppe zone – the number of separate veg-
etation units is greater. Individual communities form clearly 
distinguishable additional sub-belts (Bohn et al. 2000) char-
acterized by dominance of one or two oak species (Georgescu 
and Constantinescu 1945). Mesophilous forests of Central-
European tree species (primarily beech and hornbeam for-
ests) are present, but their low-altitude border is located at 
higher altitudes than in the Pannonian region, which is an 
indication of the reduced vitality of beech and hornbeam 
compared to oaks. The development of such oak sub-belts is 
not found in the Pannonian vegetation. Deviations also play a 
role in differentiating the Pannonian and Wallachian regions. 
There are Pannonian vegetation types (even at the landscape 
scale) that may have survived since the Early Holocene. We 
are not aware of similar relics, deviations in the region along 
the lower Danube.

Naturally, biogeographical aspects also emerge in such 
comparisons, since vegetation geography is part of bioge-
ography. Biogeography classifies spatial units according to 
their individual features. This is a similar process, whether 
the whole biota or only vegetation is concerned. The vegeta-
tion-geographical region is a variant of the region concept, 
an analogy to the ‘vegetation-landscape’ concept (see e.g., 
Zonneveld 1990). The definition of the biota typically fol-
lows a reductionist route as illustrated by studies delineat-
ing a region by the distribution of a single taxonomic group 
(e.g., Vargas et al. 1998, Marquez et al. 2001, Rojas-Soto et 
al. 2003). 

We demonstrated the usefulness of paleobiological (pa-
lynological) evidence in explaining phenomena of recent 
vegetation, the deviations in particular. With increasing den-
sity of sampling locations, the amount of information about 
local vegetation history is supposed to increase considerably. 
We expect to gather more insight especially on the processes 
that might have lead to the appearance of specific vegetation-
pattern deviations. Consequently, palynology is expected 
to become a more relevant tool and source of information 
for vegetation scientists studying current vegetation pat-
terns (see for instance Molnár et al. 2012). Reconstruction 
of palaeo-vegetation zones (pollen-based biomes) will be 
possible, and – in certain cases – it will also be possible to 
interpret the chorological phenomena of individual species 
(such as disjunctions, as shown by Strong and Hills 2005). 

 
Acknowledgements. We owe our thanks to S. Bartha and A. 
Kun for their useful suggestions.  We also express our thanks 
to professor L. Mucina for his careful review of the manu-
script, his suggestions improved the structure, conciseness 
and the language of our paper. F. Horváth helped by provid-
ing data, G. Király and D. Schmidt by taxonomic expertise. 
The contribution of I. Somodi was financially supported by 
the PD-83522 OTKA grant.



Pannonian vegetation patterns 23

References

Aszalós, R. and F. Horváth 1998. A növényzet mintázatának 
tájléptékű predikciója. In: Fekete, G. (ed.). A közösségi ökológia 
frontvonalai. Scientia, Budapest, pp. 161–170.

Bailey, R.G. 2005. Identifying ecoregion boundaries. Environ. 
Manage. Suppl. 34: 14-26.

Berg, L.S. 1958. Die geographischen Zonen der Sowjetunion I. 
Teubner Verlag, Leipzig.

Bhagwat, S.A. and K.J. Willis. 2008. Species persistence in northerly 
glacial refugia of Europe: a matter of chance or biogeographical 
traits? J. Biogeogr. 35: 464-482.

Birks, H.J.B. and K.J. Willis. 2008. Alpines, trees, and refugia in 
Europe. Plant Ecol. Divers. 1: 147-160. 

Biró M. and Zs. Molnár. 1998. A Duna-Tisza köze homokbuckásain-
ak tájtípusai, azok kiterjedése, növényzete és tájtörténete a 18. 
századtól. Történeti Földrajzi Füzetek 5: 1-34. 

Bohn, U., G. Gollub and C. Hettwer. (eds.) 2000. Karte der natür-
lichen Vegetation Europas 1: 2 500 000. Bundesamt für Natur-
schutz, Bonn-Bad Godesberg. 

Bölöni, J., Zs. Molnár and A. Kun 2011. Magyarország élőhelyei. 
A hazai vegetációtípusok leírása és határozója. MTA ÖBKI, 
Vácrátót. 

Borhidi, A. 1961. Klimadiagramme und klimazonale Karte Ungarns. 
Ann. Univ. Sci. Budapest. Rolando Eötvös Nomin., Sect. Biol. 
4: 21-50. 

Borhidi, A. 2003. Magyarország növénytársulásai. Akadémiai 
Kiadó, Budapest. 

Borhidi, A., B. Kevey and G. Lendvai. 2013. Plant communities of 
Hungary. Akadémiai Kiadó, Budapest. 

Brezieczki, B. F., F. Kienast and O. Wildi. 1993. A simulated map of 
potential natural forest vegetation in Switzerland. J. Veg. Sci. 4: 
499-508. 

Brown, H. J. and M. V. Lomolino. 1998. Biogeography. Sinauer 
Associates, Sunderland, MA.

Chytrý, M. (ed.) 2009. Vegetace České republiky 2. Ruderální, plev-
elová, skalní a suťová vegetace. Academia, Praha.

Chytrý, M. (ed.) 2007. Vegetace České republiky 1. Travinná a 
keříčková vegetace. Academia, Praha.

Chytrý, M. (ed.) 2011. Vegetace České republiky 3. Vodní a mokřadní 
vegetace. Academia, Praha.

Chytrý, M., J. Danihelka, M. Horsák, M. Kočí, S. Kubešová, Z. 
Lososová, Z. Otýpková, L. Tichý, V.B. Martynenko and E.Z. 
Byaisheva 2010. Modern analogues from the Southern Urals 
provide insight into biodiversity changes in the early Holocene 
forests of Central Europe. J. Biogeogr. 37: 767-780. 

Chytrý, M. and J. Sádlo. 1997. Tilia-dominated calcicolous forests in 
the Czech Republic from a Central-European perspective. Ann. 
Bot. (Roma) S.N. 55: 105-126. 

Cox, C. B. 2001. The biogeographic regions reconsidered. J. 
Biogeogr. 28: 511-523. 

Culiberg, M. and A. Šercelj. 1995. Anthracotomical and palynologi-
cal research in the palaeolithic site Šandalja II (Istria, Croatia). 
Razprave IV. Razreda SAZU 36: 49-57.

Csiky, J. 2004. Flora and vegetation mapping of the Karancs, 
Medves-vidék and the Cerová Vrchovina (Nógrád-Gömör Basalt 
area). Pécsi Tudományegyetem, Pécs. 

Davis, F. W. and S. Goetz. 1990. Modeling vegetation pattern using 
digital terrain data. Landsc. Ecol. 4: 69-80. 

Didukh, Y. P., T. V. Fitsallo, I. A. Korotschenko, D. M. Iakushenko 
and N. A. Paskhevych. 2011. Biotopes of forest and forest-steppe 
zones of Ukraine. MACROS, Kyiv. 

Dierschke, H. 1994. Pflanzensoziologie. Grundlagen und Methoden. 
Eugen Ulmer, Stuttgart. 

Doniţă, N., V. Leandru and E. Puşcaru-Soroceanu. 1960. Harta geo-
botanica. In: Cernescu, N., B.L. Dzerdzeevski, A.N. Formozov, 
M.J. Lvovici, E.M. Murzaev, V. Sficlea and V.B. Soceava (eds.), 
Monografia geographica a Republicii Populare Romine. I. 
Geografia fizică 23. Editura Academiei Republicii Populare 
Române, Bucureşti. 

Dúbravková D., M. Chytrý, W. Willner, E. Illyés, M. Janišová and 
J. Kállayné-Szerényi. 2010. Dry grasslands in the Western 
Carpathians and the northern Pannonian Basin: a numerical clas-
sification. Preslia 62: 165-221.

Élesztős, L., and Rostás, S. (eds.) 2003. Magyar Nagylexikon. 
Magyar Nagylexikon Kiadó, Budapest.

Eliáš, P. Jr., D. Sopotlieva, D. Díté, P. Hájková, I. Apostolova, D. 
Senko, Z. Melečková and M. Hájek. 2013. Vegetation diversity 
of salt-rich grasslands in Southeast Europe. Appl. Veg. Sci. 16: 
521-537.

Euro+Med 2006-2013. Euro+Med PlantBase - the information re-
source for Euro-Mediterranean plant diversity. http://ww2.
bgbm.org/EuroPlusMed/ [accessed 16. Nov. 2013]. 

Fekete, G. 1965. Die Vegetation im Gödöllőer Hügelland. Akadémiai 
Kiadó, Budapest.

Fekete, G. 1992. The holistic view of succession reconsidered. 
Coenoses 7: 21-29.

Fekete, G. 1999. Vegetációtérképezés: visszatekintés és hazai körkép. 
Bot. Közlem. 85: 17-30. 

Fekete, G., Zs. Molnár, E. Magyari, I. Somodi and Z. Varga. 2012. 
Egyediség, szabályszerűség és deviáció a pannon régió vege-
tációjának példáján. Bot. Közlem. 98: 29-59. 

Fekete, G., I. Somodi and Zs. Molnár. 2010. Is chorological sym-
metry observable within the forest steppe biome in Hungary? 
A demonstrative analysis of floristic data. Community Ecol. 11: 
140-147. 

Fekete, G. and Z. Varga. (eds.) 2006. Magyarország tájainak 
növényzete és állatvilága. MTA Társadalomkutató Központ, 
Budapest.

Fekete, G. and B. Zólyomi. 1966. Über die Vegetationszonen und 
pflanzengeographische Characteristik des Bakony-Gebirges. 
Ann. Hist.-Nat. Mus. Nat. Hung. 58: 197-205.

Forman, R.T.T. and M. Godron. 1986. Landscape Ecology. Wiley, 
New York.

Freitag, H. and M. Lomonosova. 2006. Typification and identity of 
Suaeda crassifolia, S. prostrata and S. salsa: three often confused 
species of Suaeda sect. Brezia (Suaedoideae, Chenopodiaceae). 
Willdenowia 36: 21-36.

Freitag, H., J. Walter and W. Wucherer 1997. Die Gattung Suaeda 
(Chenopodiaceae) in Österreich, mit einem Ausblick auf die 
pannonischen Nachbarländer. Ann. Naturhist. Mus. Wien Suppl. 
98B: 343-367.

Franklin, J. 1995. Predictive vegetation mapping: geographic model-
ling of biospatial patterns in relation to environmental gradients. 
Progr. Phys. Geog. 19: 474-499. 

Futák, J. 1947. Xerotermná vegetácia skupiny Knažného stola. 
Spolok Sv. Vojtecha, Trnava. 

Gardner, A. R. 2002. Neolithic to Copper Age woodland impacts in 
northeast Hungary? Evidence from pollen and sediment chemis-
try records. The Holocene 12: 541-553.



24        Fekete et al.

Georgescu, C. C. and N. Constantinescu. 1945. Tipurile naturale de 
padure din regiunile sesurilor joase si inalte Olteniei. Revista 
Padurilor 12: 277-293. 

Gergel, S. E. and M. G. Turner. (eds.) 2002. Learning Landscape 
Ecology: A Practical Guide to Concepts and Techniques. 
Springer, New York.

Gribova, S. A., T. I. Isachenko and E. M. Lavrenko. 1980. 
Rastitel’nost’ evropeiskoi chasti SSSR. Nauka, Leningrad.

Holub, J., S. Heiný, J. Moravec and R. Neuhäusl. 1967. Übersicht der 
höheren Vegetationseinheiten der Tschechoslowakei. Akademia, 
Praha. 

Horvat, I. 1962. Karte biljnih zajednica Zapadna Hrvatske. Grafički 
Zavod Hrvatske, Zagreb.

Horvat, I., V. Glavač and H. Ellenberg 1974. Vegetation 
Südosteuropas. Gustav Fischer, Stuttgart. 

Illyés, E., M. Chytrý, Z. Botta-Dukát, U. Jandt, I. Skodová, M. 
Janisová, W. Willner and O. Hájek. 2007. Semi-dry grasslands 
along a climatic gradient across Central-Europe: Vegetation clas-
sification with validation. J. Veg. Sci. 18: 835-846. 

Isépy, I. 1970. Phytozönologische Untersuchungen und 
Vegetationskartierung im südöstlichen Vértes-Gebirge. Acta Bot. 
Hung. 16: 59-110. 

Ivan, D., N. Doniţă, G. Coldea, V. Sanda, A. Popescu, T. Chifu, N. 
Boşcaiu, D. Mititelu and M. Paucă-Comanescu. 1993. Vegetation 
potentielle de la Roumanie. Braun-Blanquetia 9: 1-78.

Jakucs, P. 1961. Die Phytozönologischen Verhältnisse der 
Flaumeichen-Buschwälder Südöst-Mitteleuropas. Akadémiai 
Kiadó, Budapest.

Jarosenko, P. A. 1961. Geobotanika. Izdatelstvo Akademii Nauk 
SSSR, Moskva.

Jovanović, B., R. Jovanović and M. Zupančić. 1986. Prirodna poten-
cijalna vegetacija Jugoslovije. Scientific Council of Vegetation 
Map of Yugoslavia, Ljubljana. 

Juhász, I. 2007. The pollen sequence from Balatonederics. Varia 
Archaeol. Hung. 20: 57-63. 

Juhász, I. and G. Szegvári. 2007. The pollen sequence from Mezőlak. 
Varia Archaeol. Hung. 20: 316-325

Kádár, L. 1965. Biogeográfia. Tankönyvkiadó, Budapest. 
Kádár, L. 1975. Landscapes, zones and the regional energy. Acta 

Geogr. Debrecina 13: 35-80.
Kadereit, G., P. Ball, S. Beer, L. Mucina, D. Sokoloff, P. Teege, A.E. 

Yaprak and H. Freitag. 2007. A taxonomic nightmare comes 
true: phylogeny and biogeography of glassworts (Salicornia L., 
Chenopodiaceae). Taxon 56: 1143-1170.

Karrer, G. and W. Kilian 1990. Standorte und Waldgesellschaften im 
Leithagebirge. Mitt. Forstl. Bundesversuchsanstalt 165: 1-244. 

Kevey, B. 2008. Magyarország erdőtársulásai. Tilia 14: 1-489. 
Khairetdinov, A. F. (ed.) 2004. Lesa Bashkortostana. Bashkir State 

Agrarian University, Ufa. 
Kondracki, J. 1966. Das Problem der Taxonomie der naturräumlichen 

Einheiten. Wissenschaftliche Veröffentlichungen des Deutschen 
Intstitutes für Länderkunde 23/24: 15-21. 

Kovács, M. 1975. Beziehung zwischen Vegetation und Boden. Die 
Vegetation ungarischer Landschaften 6. Akadémiai Kiadó, 
Budapest.

Küchler, A.W. 1973. Problems in classifying and mapping vegetation 
for ecological regionalization. Ecology 54: 512-523. 

Kun, A. 1998. Gondolatok a reliktum kérdésről. In: Csontos, P. (ed.), 
Sziklagyepek szünbotanikai kutatása. Scientia, Budapest, pp. 
197-212.

Kun A., P. Ittzés, G. Facsar and M. Höhn 2000. Sziklagyepek és 
lejtősztyeppek a Középdunai Flóraválasztó környékén. II. 
Mészkő- és dolomitvegetáció a Cserhát-hegységben. Kitaibelia 
5: 200-215. 

Lang, G. 1994. Quartäre Vegetationsgeschichte Europas. Methoden 
und Ergebnisse. Gustav Fischer, Jena. 

Lavrenko, E.M. and V.B. Sochava. (eds.) 1956. Raslitel’nyi pokrov 
SSSR 1–2. Izdatel’stvo Akademii Nauk SSSR, Moskva.

Leser, H., Haas, H.-D., Mosimann, T., Paesler, R., Huber-Fröhli, 
J. 1997. Diercke-Wörterbuch der Allgemeine Geographie, 
Westermann, Braunschweig.

Lysenko, T. M. and N.S. Rakov. 2010. Vegetation of saline soils of 
the northern lower Zavolzhye (Ulyanowsk and Samara regions). 
Vegetatsiya Rossii 16: 27-39. (in Russian)

Magri, D., G.G. Vendramin, B. Comps, L. Dupanloup, T. Geburek, 
D. Gömöry, M. Latałowa, T. Litt, L. Paule, J.M. Roure, I. Tantau, 
W.O. van der Knaap, R.J. Petit and J.L. Beaulieu. 2006. A new 
scenario for the Quaternary history of European beech popula-
tions: palaeobotanical evidence and genetic consequences. New 
Phytol. 171: 199-221.

Magyari, E. 2002a. Climatic versus human modification of the 
Late Quaternary vegetation in Eastern Hungary. PhD Thesis, 
Department of Mineralogy and Geology, University of Debrecen, 
Hungary.

Magyari, E. 2002b. Holocene biogeography of Fagus sylvatica L. 
and Carpinus betulus L. in the Carpathian–Alpine Region. Fol. 
Hist.-Natur. Mus. Matrensis 26: 15-35. 

Magyari, E. K., J. C. Chapman, D. G. Passmore, J. R. M. Allen, J. P. 
Huntley and B. Huntley. 2010. Holocene persistence of wooded 
steppe in the northern Great Hungarian Plain. J. Biogeogr. 37: 
915-935.

Magyari, E., G. Jakab, E. Rudner and P. Sümegi. 1999. Palynological 
and plant macrofossil data on Late Pleistocene short-term cli-
matic oscillations in NE-Hungary. Acta Palaeobot. 2: 491-502. 

Magyari, E., G. Jakab, P. Sümegi, E. Rudner and M. Molnár. 2000. 
Paleobotanikai vizsgálatok a keleméri Mohos-tavakon In: 
Szurdoki, E. (ed.), Tőzegmohás élőhelyek Magyarországon: ku-
tatás, kezelés, védelem. CEEWEB Munkacsoport, Miskolc, pp. 
101-131.

Magyari, E. K., G. Jakab, P. Sümegi and Gy. Szöőr. 2008. Holocene 
vegetation dynamics in the Bereg Plain, NE Hungary – the 
Bábtava pollen and plant macrofossil record. Acta GGM 
Debrecina Geol., Geomorphol., Phys. Geogr. Series 3: 33-50.

Majer, A. 1988. Fenyves a Bakony alján. Akadémiai Kiadó, Budapest.
Marquez, A. L., R. Real and J. M. Vargas. 2001. Methods for com-

parison of biotic regionalizations: the case of pteridophytes in 
the Iberian Peninsula. Ecography 24: 659-670. 

Michalko, J. 1957. Geobotanické pomery pohoria Vihorlat. 
Slovenská Akademia Vied, Bratislava. 

Michalko, J., D. Magic, J. Berta, J. Rybníček, Š. Maglocký and A. 
Špániková. 1987. Geobotanical Map of CSSR. Veda, Bratislava. 

Molnár, A. 1989. A bélmegyeri Fás-puszta növényzete. Bot. Közlem. 
76: 65-82. 

Molnár, Cs., I. J. Türke, A. Kelemen, T. Korompai and J. Schmidt. 
2008. Botanikai tanulmányút Moldovába. Összehasonlító 
erdőssztyepp tanulmányok III. Bot. Közlem. 95: 127-155.

Molnár, Zs., M. Biró, J. Bölöni and F. Horváth. 2008. Distribution of 
the (semi)natural habitats in Hungary I. Marshes and grasslands. 
Acta Bot. Hung. Suppl. 50: 59-105. 

Molnár, Zs. and A. Borhidi. 2003. Continental alkali vegetation in 
Hungary: syntaxonomy, landscape history, vegetation dynamics 
and conservation. Phytocoenologia 21: 235-245. 



Pannonian vegetation patterns 25

Molnár, Zs. and A. Kun. (eds.) 2000. Alföldi erdőssztyepp-
maradványok Magyarországon. WWF, Budapest.

Molnár, Zs., M. Biró, S. Bartha and G. Fekete. 2012. Past trends, 
present state and future prospects of Hungarian forest-steppes. 
In: Werger, M. J. A. and M.A. van Staalduinen. (eds.), Eurasian 
steppes. Ecological problems and livelihoods in a changing 
world. Springer, Dordrecht, pp. 209-252.

Mucina, L. 2013. Europe, Ecosystems of. In: Levin S. A. (ed.), 
Encyclopedia of Biodiversity, Volume 3. 2nd ed. Academic Press, 
Waltham, MA, pp. 333-346.

Mucina, L., G. Grabherr and S. Wallnöfer. (eds.) 1993. Die Pflanzen-
gesellschaften Österreichs. Teil III. Wälder und Gebüsche. Gus-
tav Fischer, Jena. 

Németh Cs. 2006. Hibrid eredetű, bennszülött Sorbus taxonok elter-
jedése a Vértesben és környékén. Flora Pannonica 4: 17-33.

Niklfeld, H. 1964. Zur xerothermen Vegetation im Osten Nieder-
österreischs. Verh. Zool.-Bot. Ges. Wien 103-104: 152-181. 

Niklfeld, H., 1973. Natürliche Vegetation. In: Breu, J. (ed.), Atlas der 
Donauländer. Deuticke, Wien, p. 171.

Pócs, T. 1960. Die zonalen Waldgesellschaften Südwestungarns. 
Acta Bot. Hung. 6: 75-105. 

Pócs, T. 1966. A magyarországi tűlevelű erdők cönológiai és ökoló-
giai viszonyai. Thesis, Egri Tanárképző Főiskola, Budapest. 

Pócs, T. 2000. A magyar flóra összetétele. In : Hortobágyi, T. and T. 
Simon. (eds.), Növényföldrajz, társulástan és ökológia, Nemzeti 
Tankönyvkiadó, Budapest, pp. 155-166.

Pócs, T., É. Domokos-Nagy, I. Pócs-Gelencsér and G. Vida. 1958. 
Vegetationsstudien im Őrség. Akadémiai Kiadó, Budapest. 

Rédei, T., A. Kun and P. Ittzés. 2008. Nyílt homokpusztagyepek a 
Ropotamo torkolatánál: egy bulgáriai tanulmányút tanulságai. 
In: Kröel-Dulay Gy., T. Kalapos and A. Mojzes. (eds.), Talaj-ve-
getáció-klíma kölcsönhatások. MTA ÖBKI, Vácrátót, pp. 57-65.

Rojas-Soto, O. R., O. Alcántara-Ayala and A. G. Navarro. 2013. 
Regionalization of the avifauna of the Baja California Peninsula, 
Mexico: a parsimony analysis of endemicity and distributional 
modelling approach. J. Biogeogr. 30: 449-461. 

Roleček, J. 2005. Vegetation types of dry-mesic oak forests in 
Slovakia. Preslia 77: 241-261.

Rudner, E. and P. Sümegi. 2001. Recurring tajga forest steppe habi-
tats in the Carpathian Basin in the Upper Weichselian. Quater. 
Inter. 76/77: 177-189. 

Rueda, M, M. A. Rodriguez and B. A. Hawkins. 2006. Towards a bio-
geographical regionalization of the European biota. J. Biogeogr. 
37: 2067-2076.

Rutherford, M. C., L. Mucina and L. W. Powrie. 2006. Biomes 
and bioregions of Southern Africa. In: Mucina, L. and M. C. 
Rutherford (eds), The Vegetation of South Africa, Lesotho and 
Swaziland. SANBI, Pretoria, pp. 30-51.

Somodi I., Z. Molnár and J. Ewald. 2012. Towards a more transpar-
ent use of the potential natural vegetation concept – an answer to 
Chiarucci et al. J. Veg. Sci. 23: 590-595.

Soó, R. 1964. Magyarország növénytársulásainak részletes (kritikai) 
áttekintése. In: Soó, R. A magyar flóra és vegetáció rendszertani-
növényföldrajzi kézikönyve 1. Akadémiai Kiadó, Budapest, pp. 
130-289.

Soó, R. 1968. A hazai harasztok és magvas növények cönoszisz-
tematikai áttekintése. In: Soó, R. A magyar flóra és vegetáció 
rendszertani-növényföldrajzi kézikönyve 3. Akadémiai Kiadó, 
Budapest, F11-F41.

Soó, R. 1973. Magyarország növénytársulásainak részletes kritikai 
rendszere. In: Soó, R. A magyar flóra és vegetáció rendszertani-

növényföldrajzi kézikönyve 5. Akadémiai Kiadó, Budapest, pp. 
533-624.

Soó, R. 1980. Conspectus associatiorum regionis Pannonicae. In: 
Soó, R., A magyar flóra és vegetáció rendszertani-növényföld-
rajzi kézikönyve 6. Akadémiai Kiadó, Budapest, pp. 525-538.

Stewart, J. R., A. M. Lister, I. Barnes and L. Dalén. 2010. Refugia 
revisited: individualistic responses of species in space and time. 
Proc. Roy. Soc. Ser. B 277: 661-671.

Strong, W. L. and L.V. Hills. 2005. Late-glacial and Holocene pal-
aeovegetation zonal reconstruction for central and north-central 
North America. J. Biogeogr. 32: 1043-1062. 

Sümegi, P. 2007. The vegetation history of the Mezőlak area. Varia 
Archeol. Hung. 20: 329-330.

Sümegi, P., E. Bodor and T. Törőcsik. 2005. The origins of alkalisa-
tion in the Hortobágy region in the light of the palaeoenviron-
mental studies at Zám-Halasfenék. Varia Archaeol. Hung. 19: 
115-126.

Sümegi, P. and S. Gulyás. (eds.) 2004. The geohistory of Bátorliget 
marshland. Archeolingua, Budapest. 

Sümegi, P., A. Molnár and G. Szilágyi. 2000. Szikesedés a 
Hortobágyon. Természet Világa 131: 213-216. 

Szabó, J. and E. Félegyházi. 1997. Problems of landslide chronology 
in the Mátra Mountains in Hungary. Eiszeitalter und Gegenwart 
47: 120-128.

Szántó, Zs. and Zs. Medzihradszky. 2004. Holocene environmental 
changes in Western Hungary. Radiocarbon 46: 691-699.

Tímár, G. 2002. A Vendvidék erdeinek értékelése új nézőpontok alap-
ján. PhD thesis, Nyugat-magyarországi Egyetem, Sopron.

Tóth, T. and K. Rajkai. 1994. Soil and plant correlations in a solonet-
zic grassland. Soil Science 157: 253-262.

Tüxen, R. 1956. Die heutige potentielle natürliche Vegetation als 
Gegenstand der Vegetationskartierung. Angew. Pflanzensoziol. 
(Stolzenau) 13: 4-42.

Varga, Z. 1989. Die Waldsteppen des pannonischen Raumes aus bio-
geographischer Sicht. Düsseld. Geobot. Kolloq. 6: 35-50. 

Varga, Z. 1995. Geographical patterns of biodiversity in the Palearctic 
and in the Carpathian Basin. Acta Zool. Hung. 41: 71-92.

Varga, Z. 2010. Extra-Mediterranean refugia, post-glacial vegetation 
history and area dynamics in Eastern Central Europe. Survival 
on Changing Climate. In: Habel, J. C. & T. Assmann (eds.), 
Phylogeography and Conservation of Relict Species. Springer, 
Heidelberg, pp. 51-87.

Vargas, J. M., R. Real and J. C. Guerrero. 1998. Biogeographical 
regions of the Iberian Peninsula based on freshwater fish and 
amphibian distribution. Ecography 21: 371-382. 

Walker, M. J. C., M. Berkelhammer, S. Björck, L. C. Cwynar, D. A. 
Fisher, A. J. Long and H. Weiss. 2012. Formal subdivision of the 
Holocene Series/Epoch: a Discussion Paper by a Working Group 
of INTIMATE (Integration of ice-core, marine and terrestrial 
records) and the Subcommission on Quaternary Stratigraphy 
(International Commission on Stratigraphy). J. Quater. Sci. 27: 
649-659.

Walter, H. 1973. Allgemeine Geobotanik. Eugen Ulmer, Stuttgart. 

Walter, H. 1976. Die ökologischen Systeme der Kontinente (Bio- geo-
sphäre). Gustav Fischer, Stuttgart. 

Walter, H. and S. W. Breckle. 1991. Ökologische Grundlagen in 
globaler Sicht (Ökologie der Erde) I. Gustav Fischer, Stuttgart.

Walter, H. and H. Straka. 1970. Arealkunde. Floristisch-historische 
Geobotanik. Gustav Fischer, Stuttgart. 



26        Fekete et al.

Weising, K. and H. Freitag. 2007. Phylogeography of halophytes 
from European coastal and inland habitats. Zool. Anzeiger 246: 
279-292.

Westhoff, V. and E. van der Maarel. 1973. The Braun-Blanquet ap-
proach. In: Whittaker, R. H. (ed.), Ordination and classification 
of communities. Dr W. Junk, The Hague, pp. 617-737.

Willis, K.J. 1997. The impact of early agriculture upon the Hungarian 
landscape. In: Chapman, J. C. and P. Dolukhanov (eds.), 
Landscapes in flux: Central and Eastern Europe in Antiquity. 
Oxbow Books, Oxford, pp.193-209.

Willis, K.J. and T.H. van Andel. 2004. Trees or no trees? The environ-
ments of central and eastern Europe during the Last Glaciation. 
Quater. Sci. Rev. 23: 2369-2387.

Willis, K.J., M. Braun, P. Sümegi and A. Tóth. 1997. Does soil 
change cause vegetation change or vice versa? A temporal per-
spective from Hungary. Ecology 78: 740-750. 

Willis, K.J., P. Sümegi, M. Braun and A. Tóth. 1995. The late qua-
ternary environmental history of Bátorliget, N. E. Hungary. 
Palaeogr. Palaeoclimatol. Palaeoecol. 118: 25-47.

Willner, W. and G. Grabherr. (eds.) 2007. Wälder und Gebüsche 
Österreichs. I. Spektrum, München.

Zólyomi, B. 1942. A középdunai flóraválasztó és a dolomitjelenség. 
Bot. Közlem. 39: 209-231.

Zólyomi, B. 1957. Der Tatarenahorn–Eichen Lösswald der zonalen 
Waldsteppe. Acta Bot. Hung. 3: 401-424.

Zólyomi, B. 1958. Budapest és környékének természetes növényta-
karója. In: Pécsi, M. (ed.), Budapest természeti képe. Akadémiai 
Kiadó, Budapest, pp. 511-642.

Zólyomi, B. 1967. Tilio–Fraxinetum excelsioris. In: Zólyomi, B. (ed.), 
Guide der Exkursionen des Internationalen Geobotanischen 
Symposiums. MTA Botanikai Kutatóintézet, Eger, Vácrátót, pp. 
36-38.

Zólyomi, B. 1987. Coenotone, ecotone and their role in preserving 
relic species. Acta Bot. Hung. 33: 3-18. 

Zólyomi, B. 1989. Reconstructed vegetation 1:1,5 million. In: Pécsi, 
M. (ed.), National Atlas of Hungary. Kartográfiai Vállalat, 
Budapest, p. 89.

Zólyomi, B., M. Kéri and F. Horváth. 1992. A szubmediterrán éghaj-
lati hatások jelentősége a Kárpát-medence klímazonális növény-
társulásainak összetételére. In: Hegyfoky Kabos klimatológus 
születésének 145. évfordulója alkalmából rendezett tudományos 
emlékülés előadásai. Kossuth Lajos Tudományegyetem, Debre-
cen-Túrkeve, pp. 60-74.

Zonneveld, I. S. 1990. Scope and concepts of landscape ecology as 
an emerging science. In: I. S. Zonneveld and R. T. T. Forman 
(eds.), Changing Landscapes: An Ecological Perspective. Sprin-
ger, New York, pp. 3-20

Received December 9, 2012 
Revised August 25, 2013, October 15, 2013      

Accepted November 25, 2013

Electronic Appendix 

Pannonian endemics (and subendemics) and Pontic–
Pannonian (and sub-Pontic-Pannonian) flora elements found 
in the Pannonian region based on Euro+Med (2006-2013). 
The file may be downloaded from the web site of the pub-
lisher.


