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Abstract

In Hungary a countrywide vegetation mapping project carried out between 2003 and 2006 provided
immense, detailed data on the current status of the forest-steppe vegetation (META database). In addition, two
fundamentally important historical sources from the late eighteenth century have been analyzed recently. Using
these sources we reconstruct and evaluate the past history and current status, and forecast the expected future of
the vegetation types within the forest-steppe zone.

We show that by the end of the eighteenth century most forest-steppe habitats had undergone considerable
change. While steppe woodlands had largely disappeared, large areas of sand steppes and closed steppes on
chernozem remained and were used for grazing, some having been degraded into dune areas with windblown
sand.

As a result of man’s activities, including mechanized land-use, the forest-steppe vegetation underwent great
changes during the past 200 years. We review these changes. In the past decades cessation of mowing and
grazing is problematic. Presently, approximately 251,000 ha (6.8%) of the total of 3,700,000 ha of forest-steppe
vegetation have survived in Hungary, of which only 5.5% of the stands may be considered natural, 38% semi-
natural, 46% moderately degraded, and 10% strongly degraded.

We predict future trends in the forest-steppe vegetation by evaluating (1) past trends, (2) current threats and
regeneration potential, and (3) expected climate change. Important threats are (1) spread of invasive species; (2)
abandonment of traditional land-use; (3) drop of the groundwater table due to regulation and draining, (4)
plowing; (5) overgrazing; (6) excessive wild game populations; (7) afforestation; and (8) forest management
practices. They will lead to further decline and fragmentation of most dry vegetation types, and we predict that
steppe woodlands on loess and sand will almost fully disappear in the coming decades, though lack of grazing
may lead to the extension of Juniperus-Populus scrub in sand dune areas.

7.1. Introduction

Information on past changes of the vegetation in any studied landscape may greatly help to
interpret the current situation and predict future changes (Rackham 1980; Pickett 1989). This is
particularly true in the case of the forest-steppe vegetation in Hungary. Compared to deciduous forests
and grassland habitats in the mountain ranges, this vegetation has been transformed by humans to such
a great extent that its current pattern and dynamics may be hardly understood by direct contemporary
studies (Bir6 2006; Molnar 2007).

The forest-steppe is a distinct vegetation zone in the transitional belt between the climatic zones
supporting closed forests and steppes. It incorporates a large number of different vegetation types,
including those that are much more broadly distributed than the zone itself, and are thus not exclusively
linked to this vegetation zone (for edaphic factors, for example). Characteristics of the zone are
determined by specific vegetation types that are primarily restricted to this zone (climatically zonal
and intra-zonal communities) (Berg 1958).

The characteristics of the East-European forest-steppe, including physiognomy, structure,
biogeographical and ecological patterns, vegetation dynamics and post- glacial history, have already
been described in detail (Aliokhin 1950; Artushenko 1970; Berg 1958; Lavrenko 1956, 1981;
Lavrenko et al. 1991; Lavrenko and Karamysheva 1993; Tarasov et al. 1998, 2000). However,
botanical knowledge on the past changes, current status and expected changes of this forest-steppe
vegetation is much less, and has not yet been reviewed. For Hungary, until recently such a review was
not even possible, because of lack of quantitative data, and available data on past changes concerned
only few locations. However, the past 10—15 years have brought great progress in this field.
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A country-wide vegetation mapping project carried out between 2003 and 2006 provided data on
the current status of the forest-steppe vegetation, which were degrees of magnitude more detailed than
ever before (the META-program, see Molnar et al. 2007b; Horvath et al. 2008). The overall goal of
the project was to collect a great variety of information on the natural vegetation as part of the
natural heritage of Hungary. 199 persons completed the project in about 7,000 field days.

Recent studies on vegetation history have also yielded new results. New locations (e.g., the drier,
interior part of the Hungarian forest-steppe zone) have been researched and dating methods became more
refined. In addition, two fundamentally important historical sources from the eighteenth century
have been botanically analyzed (the outstandingly detailed diary of the botanist Pal Kitaibel with data
from thousands of locations in Hungary, and the 1:28,800 scale maps and supplementary country
description of the First Military Survey with a detailed legend and full coverage of the territory of
Hungary) (Bir6 2006; Molnar 2007). These sources are particularly important, because they allow the
reconstruction of the environment from before the beginning of major landscape transformations
(river regulation, evelopment of dispersed farmsteads, plowing up the steppe, adoption of intensive
agricultural technologies).

The new methods and data gave us the unique opportunity within the Eurasian forest-steppe zone to
reconstruct and evaluate the past history, describe the current status, and forecast the expected future of
each vegetation type in detail. Here we outline the Holocene history of the 13(15) most significant
vegetation types of the forest-steppe zone in Hungary, and describe their status at the end of the
eighteenth century with the changes since then (Table 7.1). We also provide information on their
current extent and condition along with their regeneration potential and threat- ening factors.

The following vegetation types are discussed (codes of the Hungarian Habitat Classification
System are in parentheses, Boloni et al. 2007): Closed steppe on chernozem soil (H5a) , Artemisia
steppe on loess and clay cliffs (12), Steppe woodland of Quercus on loess (M2), Continental deciduous
steppe thicket (M6), Open sand steppe (Gl), Closed sand steppe (HSb), Juniperus, Populus
steppe woodland and scrub (M5), Steppe woodland of Quercus on sand (M4), Artemisia steppe on
solonetz soil (F1a), Achillea steppe on meadow solonetz (F1b), Saline meadow (F2), Tall herb meadow
steppe on solonetz soil (F3), Annual vegetation of salt lakes and mud-flats, and vegetation of saline
flats (F5), Puccinellia meadow (F4), and Steppe woodland of Quercus on saline soil (M3).

Forest-steppe and forest-steppe-like vegetation also occur on the foothills and even at higher
regions in the mountain ranges. These are, however, either extra- zonal communities, such as relic
stands of Spiraea shrubberies, now found only locally in the mountains, or are secondary or edaphic in
origin as the Brachypodium pinnatum-dominated vegetation developing after forest clearing, and
grasslands on calcareous and siliceous bedrock, respectively. These are not treated here (as salt
marshes are also left out of the analysis). Because of their small area, we do not discuss the isolated
stands of closed Acer and Tilia forests, which represent the cool continental forest-steppe vegetation
(Fekete 1965), and the forest-steppe-like Pinus sylvestris forests (Pocs 1966). Because the literature on
the forest-steppe vegetation in Hungary has been published mostly in Hungarian, our paper also serves
as an introduction to this literature for the international scientific community.

7.2. The Hungarian Forest-Steppe — Biogeographical Background

By far the largest part of the Great Hungarian Plain has been considered by most Hungarian
botanists as part of the forest-steppe biome (So6 1926, 1929, 1931, 1960; Borhidi 1961; Zoélyomi 1957,
1989; Varga 1989; Zo6lyomi and Fekete 1994). There, the annual precipitation ranges from 450 to 600
mm (250-350 in the vegetation period and 200-250 from November to April), and the mean annual
temperature is 10—11°C (17-18 in the vegetation period and 3—4 from November to April) (HMS
2000). The forests are composed typically of oaks (mostly Quercus robur), while the steppes are
dominated by Festuca and Stipa species. It is still debated, however, whether the driest innermost
parts of the plain still meet the criteria of the forest-steppe biome, or should be regarded as
representatives of the steppe zone. Although the severity of summer droughts in this area does not
reach the aridity level experienced in the zone of typical Stipa steppes, the length of the arid period is
longer and water deficit well exceeds that observed in the area of the East European forest-steppe zone.
About 40% of the years are so-called steppe years with weather characteristics typical of the steppe
zone (Borhidi 1961; Kun 2001).



Table 7.1 Historical change of some attributes of the main forest-steppe habitats in Hungary in the last 200 years based mainly on Biré (2006) and Molnar
(2007)
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The forest-steppe vegetation in Hungary is the westernmost representative of the Eurasian forest-
steppe (S00 1926, 1960; Zolyomi 1989; Niklfeld 1973-1974) with some small outposts in Austria and
the Czech Republic. The largest continuous steppe of Central Europe, the Hortobagy, also is found in
Hungary (most of it is preserved now in a national park).

There are two types of forest-steppe distinguished within the European forest- steppe with broad-
leaved forests. These are the continental and the sub-Mediterranean forest-steppes (Borhidi 1961;
Niklfeld 1973-1974). The continental forest-steppe is characterized by closed and rather mesic Quercus
forests and adjacent lush, forb-rich meadow steppes. This continental forest-steppe extends from the
east as far as Podolia, and also occurs in isolated patches in the eastern part of the Carpathian Basin
(Transylvania), and in the Go6dollé Hills in north-central Hungary (Fekete 1965; Niklfeld 1973—
1974). The sub-Mediterranean forest-steppe is spread out in a long strip to the south and southwest of
the continental forest-steppe and appears in several disjunct patches at the foothills of Cis Caucasia,
the Crimean Peninsula, in Bessarabia and southern Moldova, and along the lower Danube in Romania
and Bulgaria (Lavrenko 1970; Niklfeld 1973-1974). Most of the forest-steppe in the Carpathian Basin
also belongs to this type especially in the western and central parts of Hungary. The main and typical
communities of this forest-steppe type are dry and open woodlands and parklands of Quercus spp.
developed under the partial influence of the submediterranean climate, and with a variable number of
submediterranean floristic elements (one of the commonest is Quercus pubescens). Forest and steppe
plants exhibit similar distributional pattern: species numbers of the two groups show decreasing
gradients towards the driest and warmest central part of the plain (Fekete et al. 2010). The lack of
chorological symmetry may presumably indicate the lack of the true steppe biome in the Carpathian
Basin.

Characteristic of the Hungarian forest-steppe is its mosaic structure. The zonal arrangement of
climate, soil types and vegetation so typical of Eastern Europe is disrupted here, and replaced by a
mosaic landscape (Kadar 1975; Varga 1992). Owing partly to relief and pedological features, the forest-
steppe zone is discontinuous: loess tables and plateaus and sand dune areas are fringed by river valleys
with saline vegetation at the margins and in depressions. Zonal forest-steppe vegetation has developed
on loess and humus-rich sand, whereas the vegetation on saline soils and wind-blown sand is intra-
zonal. Extra-zonal forest-steppe vegetation occurs on the southern slopes and rocky outcrops in the
surrounding hills and mountains (Zélyomi 1958, 1989; Jakucs 1961; So6 1964; Borhidi 2003; Illyés and
Bo616ni 2007).

The Hungarian forest-steppe exhibits the characteristics of the more eastern forest-steppe, and also
displays some unique features, which are generally attributed to submediterranean climatic influences
and their isolated geographical situation (being surrounded by the high mountains of the
Carpathians). For these reasons, it is regarded a distinct biogeographical unit, the Pannonian
Biogeographical Region, first mapped out by So6 (1933), and recently by Varga (Varga 2003;
European Environmental Agency 2006). The Pannonian Region is the western neighbour of the Pontic
Region.

Presently we consider that most of the Great Plain (with exception of its marginal areas) was part of
the forest-steppe zone throughout the entire Holocene (Magyari et al. 2009). It is likely that most of
the floodplains and parts of the sand dunes and fens were covered with forests, whereas the loess tables
and plateaus were probably wooded only to a small extent. The saline areas, however, may have been
almost completely devoid of woody vegetation. Plowing up the forest-steppe habitats started as early
as the Neolithic Age. The plowed areas became truely extensive probably by the Bronze Age. By the
eleventh century, most of the area suitable for agriculture had been plowed. The process of forest loss,
however, is not known in detail, but it seems that the decreasing trend has been continuing over
millennia. The forest cover reached its minimum by the end of the eighteenth century (Z6lyomi 1936,
1952; Jarai-Komlodi 1966, 1987; Fairbairn 1992, 1993; Siimegi 1998; Gyulai 2001; Siimegi et al.
2000, 2006; Jakab et al. 2004; Magyari et al. 2009; Molnar 2009)



7.3. The Databases

In this paper, we use the units of the Hungarian Habitat Classification System (B6loni et al. 2007),
which is the most frequently used and thoroughly tested system of vegetation classification in
Hungary. In this system, a unit includes all plant communities that occur in similar habitats, and have
similar species com- position and physiognomy (B616ni et al. 2011). For a detailed phytosociological
description of forest-steppe plant communities see Borhidi (2003, 2012). Species names follow Kiraly
(2009).

Our reconstruction of the Holocene history of the vegetation is based on available relevant
literature data. Since we were primarily interested in the development of the current vegetation, we
mostly reviewed the data since the Boreal Period (and sometimes the Late Glacial Period).
Unfortunately, for several reasons significantly less information is available on the Holocene history
of the Hungarian forest-steppe than needed. First, only a few sites have remained that are suitable for
paleobotanical research (few bogs, swamps and mires, extensive saline areas, and dry habitats).
Second, the location of the pollen source (whether moor or the adjacent steppe habitat) is uncertain in
the case of several taxa (i.e. Quercus spp., Poaceae). Finally, the pollen of several characteristic
species or species groups are indistinguishable from that of other species or even sometimes other
genera. As a consequence, it is not possible to determine, e.g., the proportion of Quercus robur versus
Q. pubescens in steppe woodlands, or the exact habitat (whether dry steppe on chernozem soil or
saline soil, or even arable land) of Artemisia and Chenopodiaceae species, and not even to identify the
major grasses of the steppes to at least the generic level (Stipa, Festuca, Bromus, etc.). Nevertheless,
the more recent research (e.g. Siimegi 1998, 2004, 2005a, d; Stimegi et al. 2006; Jakab et al. 2004;
Magyari 2002, Magyari et al. 2009) has modified the results of earlier works (e.g. Rapaics 1918;
Z6lyomi 1936, 1952; Jarai-Komlodi 1966, 1987; Gyorffy and Zolyomi 1994; Medzihradszky and
Jarainé Komlodi 1995) in many details.

For the reconstruction of the vegetation at the end of the eighteenth century (Birdé 2006; Molnar
2007) two main sources were used: (1) the field notes of Pal Kitaibel (Gombocz 1945; Lokos 2001),
and (2) maps of the First Military Survey of Hungary (1783—1785) and the supplementary written
description. Kitaibel was a traveling field botanist being way ahead of his time in many respects. As a
botanist, he described many plant species new to science, and at the same time he had a very broad
interest in other fields (balneology, geology, ethnography, etc.). His diary, which was continually
written during his journeys, is very detailed. Of the more than 1,500 pages of the diary, about 500
pages touch on areas of forest-steppe vegetation. While traveling on a wagon, Kitaibel usually took
only short notes at any given locale. Nonetheless, his several thousand data outline many features of
the vegetation of the Great Plain in his days. By reading his diary, we were able to follow his path on
the sheets of the First Military Survey. We identified old scientific plant names mostly with the help of
the work of Sandor Javorka (1926-1945). The data were sorted by habitat types.

Features of the landscape are shown on the maps of the First Military Survey (1:28,800, 1783—
1785) in such great detail that the characteristics of the plains at the end of the eighteenth century may
be much better determined than from any other maps of that time. The so-called Country Description,
a supplement to the maps, contains short notes on the quality of the roads, the condition of the forests,
the quality of meadows and grazing fields, and topographical features for each map sheet and each
settlement (Borbély and Nagy 1932). These data were also sorted by habitat types.

We were able to recover such a large amount of data for saline habitats from the field notes of
Kitaibel that we could analyze them by the COCKTAIL algorithm (Bruelheide 2000) and the JUICE
software (Tichy 2002). The JUICE software groups individual species that more frequently co-occur
than expected by chance. Accidental species only infrequently occurring in saline habitats and/or
species typical of other habitats were grouped into “pseudo-species” to simplify analysis (such as
species of dry steppe on chernozem soils, meadow species, arable weeds). We listed all significant
species groups and individual species, and also provided the first few non-significant species or
species groups in parentheses, because the program was designed for analyzing phytosociological
samples, whereas we worked with fragmentary species lists.

Most of the information on the present state of forest-steppe habitats was derived from the META
database (Molnar et al. 2007b; Horvath et al. 2008). Data were collected from a survey using the so-
called META method (Molnar et al. 2007b). This is a vegetation mapping method, supported by
satellite images, which applies a grid of hexagonal cells in which vegetation is mapped directly in the



field.

The survey was based on cells with an area of 35 ha each (267,813 cells cover the entire territory of
Hungary). Habitat types were listed per hexagon, then the area, habitat condition based on naturalness
values, spatial pattern, connectedness, and threatening factors were estimated and recorded for each
habitat type. For standard- ization of mapping, three different pre-printed data sheets and two detailed
guides (Mapping Guide and Habitat Guide) were prepared, and field trainings were organized
(Molnar et al. 2007b; Boloni et al. 2007).

One hundred contiguous hexagons formed a META quadrat (35 kmz), the basal unit of distribution
maps. The total number of quadrats was 2,813. For the preparation of distribution maps, SQL queries
(Horvéth and Polgar 2008) were carried out per habitat and per META quadrat. The so-obtained data
were quality-checked, which included the deletion of apparently erroneous data and the estimation of
missing values (ca. 6% of the total).

We used a naturalness-based attribute in the META-database (Table 7.2) to characterize overall
quality of vegetation stands in the field. This attribute quantifies habitat quality according to the
following scale: 1: completely degraded, 2: heavily degraded, 3: moderately degraded, 4: semi-natural,
5: natural (see details in Németh and Seregélyes 1989; Molnar et al. 2007b). Naturalness values
integrate variables related to structural properties and species richness into a single number. Though
the estimation of naturalness values includes subjective elements, we took great care to standardize
the method during the META project (Molnar et al. 2007b; B616ni et al. 2007).

Table 7.2 Percentage of stand area of each habitat type per degree of naturalness based on the
META database (2: heavily degraded, 3: moderately degraded, 4: semi-natural, 5: natural (for details see
Boloni et al. 2008a, b)

Code Short name Naturalness value Total area (ha)
2 3 4
H5a Closed steppe on chernozem soil 25 62 12 0 25,000
2 Vegetation of loess/clay cliffs 59 18 23 0 95
Me6 Steppe thickets 0 38 30 32 3
M2 Steppe woodland on loess 8 62 30 0 100
G1 Open sand steppe 22 44 31 3 10,700
H5b Closed sand steppe 20 55 23 1 28,000
M5 Juniperus-Populus woodland and scrub 6 33 48 12 3000
M4 Steppe woodland on sand 10 41 42 7 290
Fla Artemisia steppe on solonetz soil 2 34 54 10 33,800
F1b Achillea steppe on solonetzi soil 12 58 29 1 46,000
F2 Saline meadow 5 41 48 6 93,000
F3 Saline meadow steppe 28 41 29 3 1,120
F4 Puccinellia meadow 1 13 52 34 7,000
FS Vegetation of saline - and mud-flats 1 19 43 37 2,500
M3 Steppe woodland on saline soil 21 57 22 0 130
All habitats together 10. 45. 38. 5.5 250738
3 9 2

For the assessment of endangerment, we listed a number of potential threatening factors and
evaluated their effect on each habitat unit. Then we estimated the cumulative area of the affected
habitat unit for each factor (Table 7.3). The effective threatening factors (the ones that are most likely
to affect the survivorship of the habitat type in a META hexagon in the next 1015 years, Molnar et al.
2007b, Molnar et al. 2008c) were selected from a list of 28 factors. Severity of threat was not
recorded. We developed 12 synthetic indicators from the threatening factors by thematic grouping,
which we then used for the evaluation of general endangerment of each habitat unit (interpretation of
the 12 indicators is explained in detail in Molnar et al. 2008c). We ordered the indicator values across
habitats and within factors according to their rank, and then averaged these ranks across factors
(Molnar et al. 2008c¢).



Regeneration potential of a focal vegetation unit was assessed at the spatial scale of the META
quadrats (i.e. with regard to all other units detected in the quadrat, Table 7.4). We evaluated three
regeneration scenarios (for more details see Seregélyes et al. 2008): (1) regeneration success of an
existing stand following moderate disturbance or degradation; (2) successful development in a
different habitat type following environmental change (e.g. development of steppe vegetation in a
dried- out meadow); (3) successful development in vegetation-free areas, i.e. the ability to colonize
abandoned old-fields. Although the evaluation of regeneration potential is necessarily subjective, we
standardized the evaluation method as much as possible. In the Habitat Guide we (1) specified the
factors that determine regeneration potential of a certain habitat type, and (2) for each vegetation type
we provided a detailed list of examples for each regeneration scenario (we described about 720
examples altogether, B6loni et al. 2003, 2007; Molnar et al. 2007b).

Table 7.3 Factors threatening forest-steppe habitats (% of the total habitat area threatened) in Hungary, based
on the META habitat database (Values below 2% are not shown (for details see Molnar et al. 2008c)

Code Habitat name

draining
undergrazing
overgrazing

lack of grazing

lack of mowing
amelioration

shrub encroachment
burning

improper managemen
of forests
premature clearing
tree plantation

wild game

invasive species
construction

mining
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HS5a Closed steppe 2
on chernozem
soil

12 Vegetation of 6 6 14 59 10 12
loess/clay cliffs

M6 Steppe thickets 23 4 16 13 7 5

M2 Steppe 4 11 26 10 35 12 27 42

woodland on
loess

G1 Open sand 13 2 48 7 69 3 7
steppe

H5b Closed sand 2 15 5 7 3 32 11 47 34 12
steppe

M5 Juniperus- 2 19 5 24 49
Populus
woodland and
scrub

M4 Steppe 4 2 2 9 20 20 26 18 74
woodland on
sand

Fla Artemisia 25 5 14 8 6 4 13 4
steppe on
solonetz soil

F1b Achillea steppe | 35 11 10 10 10 3 12 15 6
on solonetz soil

F2 Saline meadow 41 5 9 10 12 2 5 16 24 6

F3 Saline meadow 24 3 11 3 11 4 20 27 14
steppe

F4 Puccinellia 35 8 6 9 6
meadow

F5 Vegetation of 21 4 9 7 4 4
saline - and
mud-flats

M3 Steppe 8 14 18 19 5 12 16 8 12 45 9
woodland on
saline soil




Table 7.4 Percentage of stand area of each habitat type with at least medium regeneration potential, based on
the META database (For details see Seregélyes et al. 2008 Three types of regeneration potential were assessed: /:
on site following disturbance, 2: in other adjacent habitat units, and 3: on old-fields separately. Note that the habitat
types totals can add up to more than 100%)

Code Short name @ 203
HS5a Closed steppe on chernozem soil 67 |37 |27
2 Vegetation of loess/clay cliffs 63 |19 |18
M6 Steppe thickets 69 |59 |7

M2 Steppe woodland on loess 53 30 | 2

Gl Open sand steppe 76 |45 | 34
H5b Closed sand steppe 84 |30 |20
M5 Juniperus-Populus woodland and scrub 96 |90 | 65
M4 Steppe woodland on sand 23 1310

Fla Artemisia steppe on solonetz soil 99 |78 | 64
F1b Achillea steppe on solonetz soil 100 | 93 | 78
F2 Saline meadow 99 | 78 | 62
F3 Saline meadow steppe 76 |59 |44
F4 Puccinellia meadow 100 | 75 | 32
F5 Vegetation of saline - and mud -flats 95 |58 | 12
M3 Steppe woodland on saline soil 46 (44 |0

7.4. The Vegetation of the Hungarian Forest-Steppe

7.4.1.Closed Steppe on Chernozem Soil (Habitat Code: H5a)

These are closed steppes on humus-rich chernozem soils typically developed over loess, and
dominated usually by Festuca rupicola. Most of the surviving stands occur on slopes in the lowland or
on foothills (Viragh and Fekete 1984; Zolyomi and Fekete 1994; Horvath 2002; Illyés and Boloni
2007; Bartha 2007a).

Characteristic, dominant and constant species are: Bothriochloa ischaemum, Brachypodium
pinnatum, Bromus inermis, Carex humilis, Chrysopogon gryllus, Elymus hispidus, Festuca
rupicola, Koeleria cristata, Poa angustifolia, Stipa capillata, Stipa joannis (S. pennata), S.
pulcherrima, Adonis vernalis, Ajuga laxmannii, Allium paniculatum, A. rotundum, Astragalus
austriacus, A. dasyanthus, A. onobrychis,Chamaecytisus austriacus agg., Crambe tataria, Dorycnium
spp., Euphorbia pannonica (E. glareosa), Fragaria viridis, Galium glaucum, Hypericum elegans, Inula
germanica, Linaria biebersteinii, Nepeta parviflora, Phlomis tuberosa, Plantago media, Ranunculus
polyanthemos, Rapistrum perenne, Salvia austriaca, S. nemorosa, S. nutans, Taraxacum serotinum,
Teucrium chamaedrys, Thalictrum minus, Viola ambigua.

The cold-continental steppes (including meadow steppes and semi-desert-like vegetation) of most
of the Great Hungarian Plain were transformed into warm continental steppes during the early
Holocene (Nyilas and Stimegi 1991; Stimegi et al. 2000; Siimegi 2005b). These steppes persisted
essentially uninterrupted till their transformation into arable lands, since forest development was
prevented by climatic conditions, grazing, fires and human influences (see Medzihradszky et al. 2000;
Magyari et al. 2009). The late glacial steppes were dominated by grasses, Artemisia and
Chenopodiaceae species, although other species, such as Helianthemum, Scabiosa, Knautia arvensis,
Trifolium, Sedum, Achillea, Leontodon, Taraxacum, Centaurea scabiosa agg. were also recorded



(Jarai-Komlodi 1966; Siimegi 2005b; Stimegi et al. 1999, 2006; Magyari 2002). These genera reveal
very little about the actual species composition and degree of dominance in the steppe vegetation
(perhaps they suggest the presence of a kind of meadow steppe). It is not known what species of
grasses formed the matrix of these steppes, how many and what kind of forbs were intermixed, and to
what degree the vegetation was closed.

The Holocene steppe vegetation of present-day Hungary is also little known. It is often assumed
that the loess tablelands were covered with forest-steppe with scattered Quercus woodlands, although
certain parts of the plains may have been continuously treeless (Zoélyomi 1936, 1952; Jarai-Komlodi
1966; Stimegi et al. 1999; Magyari 2002; Magyari et al. 2009; Stimegi 2005a, b). Plowing up the
steppes started in the Neolithic age, and continued with only small interruptions (Fairbairn 1992,
1993; Stimegi 1998; Gyulai 2001). The first major period of destruction of steppes on chernozem soil
may have been the eleventh to fourteenth centuries, when the country was characterized by a large
number of small settlements and intensive land use (see Gyorffy 1966; Blazovich 1985). Changes in
the settlement structure, such as desertion of small villages and development of rural towns, a process
starting in the second half of the thirteenth century and increasing in intensity throughout the
fourteenth century (Blazovich 1985), may have resulted in at least the partial regeneration of the
steppe vegetation over large areas.

Referring to this vegetation type, Kitaibel wrote: the grassland stands are “essentially oldfields.”
He documented rather species-rich stands only at a few places, which suggests that along the roads
he traveled such steppes did not occur. Many of the specialist, characteristic steppe species were found
on the unplowed strips between arable lands and on earthworks marking the boundary between
settlements. Kitaibel reported the occurrence of Crambe tataria at several locations. This species was
probably quite widespread and occurred adjacent to and even on arable land. At times he also
observed Salvia nutans in unbelievable amounts (“everywhere across the grazing field from right to
left, as if it had been sown™). It is apparent from the comparison of maps of the First Military Survey
and current soil maps that a substantial part of the loess tables east of the Tisza river was covered with
arable land in addition to extensive steppes.

Steppes of the Great Plain were almost completely transformed to arable land by the end of the
twentieth century. Sizeable steppe areas have survived in gullies west of the Danube, on the foothills of
mountain ranges, and on elevated terrain embedded in saline steppes. Part of the stands situated on
slopes is in good condition and appears stable over time (Viragh and Fekete 1984; Horvath 2002;
Bartha 2007a). The stands on level ground, however, are degraded almost without exception (T6th
1988; Molnar 2007). Steppe remnants on kurgans, earthen fortifications and on unplowed sections
among arable fields are sometimes the only survivors of this vegetation type (Zélyomi 1969a; Csatho
2010). Invasive species, though spreading, are not yet abundant. The formerly grazed and currently
abandoned stands, parti- cularly on foothills, at places have been invaded by shrubs, and typically
show an accumulation of dead organic matter (Bartha 2007a). Mainly stands next to arable land are
threatened by plowing (Csathd 2010). Their capacity for regeneration is limited. Good
regeneration on oldfields has been observed only on foothills (in abandoned vineyards). This type
of steppe vegetation covers about 25,000 ha (of which ca. 6,000 ha are on foothills and slopes).
Hardly 10% of the stands are in good condition (naturalness 4 and 5). All stands next to arable
lands and those in good conditions are greatly threatened (Fig. 7.1).

7.4.2. Artemisia Steppe on Loess and Clay Cliffs (Habitat Code: 12)

This is the characteristic open vegetation of loess/clay cliffs and steep slopes with Kochia prostrata
and Agropyron pectiniforme as dominant species. It also occurs on kurgans. Too steep loess cliffs are
not suitable for the development of this vegetation just like cliffs invaded by Robinia pseudacacia or
Lycium barbarum. The southern slopes of kurgans host usually species-poor stands. Fragmented
stands can survive even on the most disturbed kurgans.

Characteristic, dominant and constant species are: Agropyron pectiniforme (A. pectinatum),
Bothriochloa ischaemum, Bromus hordeaceus, B. tectorum, Poa bul- bosa, Stipa capillata, Allium
sphaerocephalon, A. flavum, Anthemis tinctoria, Artemisia austriaca, A. campestris, A. pontica,
Bassia sedoides, Brassica elongata, Ephedra distachya, Iris pumila, Kochia prostrata, Lappula patula,
Linaria genisti- folia, Linum austriacum, Sedum (Hylotelephium) maximum, Xeranthemum



annuum.

The lower parts of loess cliffs often turn into vertical walls, where the microclimate is rather extreme
with strong insolation and only 100-200 mm annual precipitation. As a consequence, these habitats are
inhabited by cryptogamous communities, mainly mosses. They are extra-zonal desert communities
exhibiting floristic similarities to the vegetation of gypsum deserts in southern Spain and the
cryptogamous desert vegetation of the climatic loess deserts in the Dead Sea area. Based on the current
distribution and ecological characteristics of many of the moss species in this vegetation it is
presumed that these communities are very old. Several species may have been part of the xeric flora of
the late Tertiary, and survived through the glacial period when they had large areas of distribution (Pdcs
1999). The cold-continental dry steppes in the Carpathian Basin were transformed into warm-
continental steppes during the Holocene. Characteristic species of the former (i.e. Krascheninnikovia
ceratoides, Bassia prostrata) found refuge in extreme habitats, such as loess cliffs (Zolyomi 1936,
1952; Jarai-Komlodi 1966; Zolyomi and Fekete 1994). There is hardly any palynological evidence of
the presence of this vegetation type during the Holocene (but see Jakab et al. 2004). Since the Neolithic
Age, and even more since the Bronze Age, it may have developed also in secondary habitats on the
southern slopes of abandoned earthworks and kurgans.

Kitaibel observed this habitat type (Bassia prostrata) at several places. He also recorded repeatedly
Agropyron pectiniforme, but mainly in closed steppes (the species also is listed among plants growing on
kurgans).

The present-day stands of this vegetation type seem to be stable, although invasive species are
spreading (Robinia pseudacacia, Lycium barbarum, Prunus institia, Ailanthus altissima). Certain
habitat patches are afforested with Robinia pseudacacia. The stands directly adjacent to arable fields are
often plowed. The total area of this vegetation type is about 95 ha. It was found at 152 locations in
Hungary. The condition of only hardly one quarter of all the stands is rather natural. They are
threatened and have limited regeneration potential (Fig. 7.1).

7.4.3. Steppe Woodland of Quercus on Loess (Habitat Code: M2) and Continental Deciduous
Steppe Thicket on Loess (Habitat Code: M6)

These are low or moderately tall mixed oak forests (Quercus robur, Q. pubescens) on deep, humus-
rich soils developed over loess with usually a dense shrub layer and forest and steppe species in the
herb layer (M2), as well as thickets of Amygdalus nana (Prunus tenella), Cerasus (Prunus) fruticosa
and Rosa species (R. gallica, R. pimpinellifolia) forming small patches in grasslands and fringes of
xerothermo- philous forests (M6) (Zolyomi 1957, 1958).

Characteristic, dominant and constant species are: Acer tataricum, A. campestre, Cotinus coggygria,
Crataegus monogyna, Fraxinus ornus, Ligustrum vulgare, Prunus spinosa, Pyrus pyraster,Quercus
pubescens, Q. robur, Q. petraea s.l., Q. cerris, Ulmus minor, Viburnum lantana, Adonis vernalis,
Ajuga laxmannii, Buglossoides purpurocaerulea, Carex humilis, Dictamnus albus, Festuca rupicola,
Nepeta pannonica (N. nuda), Peucedanum cervaria, P. alsaticum, Phlomis tuberosa, Polygonatum
odoratum, Pulmonaria mollis, Stipa capillata, Tanacetum corymbosum, Thalictrum minus in woodlands,
and Amygdalus nana, Cerasus fruticosa, Colutea arborescens, Crataegus monogyna, Prunus spinosa,
Rosa spinosissima, R. gallica, Adonis vernalis, Brachypodium pinnatum, Dictamnus albus, Festuca
rupicola, Fragaria viridis, Geranium sanguineum, Inula ensifolia, 1. hirta, Iris variegata, Peucedanum
cervaria, Phlomis tuberosa, Stipa spp., Vinca herbacea, in steppe thickets.
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Fig. 7.1 Present distribution of forest-steppe habitats on loess in Hungary. The background gray color
indicates potential distribution of dry vegetation on loess (Based on Zdolyomi 1989)

The extent and characteristics of steppe woodlands and thickets growing on the Great Plain during
the Holocene are not known. Based on the estimates of several authors (Zolyomi 1952; Jarai-Komlodi
1966; Jakab et al. 2004; Siimegi 2005a, c; Siimegi et al. 2006), large areas were treeless on the loess
tables and plateaus (at most 10-20 [-30]% woodland cover). This is directly or indirectly supported by
the richness of the steppe flora, the occurrence of steppe animals, the behavior of nomadic peoples,
and the occurrence of chernozem soils without signs of forest presence (see Medzihradszky et al.
2000). The regeneration potential of steppe woodlands on level loess tables with a dry climate and
often very homogeneous habitats without refugia, and where the effect of human land use is more
intense, is likely to be lower than on the topographically more diverse foothills and sand dune areas
with a variety of habitats.

Kitaibel observed steppe woodlands on loess only on few occasions, most of them at the margins of
the plains. According to his field notes, there were nearly no trees, except for some Sal/ix and in most
areas even shrubberies were rare. At one location, however, the now extinct Spiraea crenata was
abundant. On the sheets of the First Military Survey, the lack of forests on the dry loess tables is
particularly noticeable.

Today, rather natural steppe woodlands are found only at the margins of the plains and on loess-
covered slopes west of the Danube. Its total area is less than 100 ha (for their current conditions see
Lendvai and Kevey 2008). Only about a dozen stands of steppe thickets have remained on the Great
Plain. They are small, usually degraded, and thus greatly endangered (Fig. 7.1).

7.4.4.0pen Sand Steppe (Habitat Code: G1)
These are drought-tolerant shortgrass steppes with at most 75% vegetation cover, occupying loose,
humus-poor sand in the Great Plain and more infrequently in hilly regions and foothills. The dominant



species are drought-tolerant tussock grasses (Festuca vaginata, Stipa borysthenica). Formerly, their
stands formed mosaics partly with steppe woodlands of Quercus or Juniperus and Populus scrub, as
well as with Molinia meadows located in depressions. It is an endemic community.

Characteristic, dominant and constant species are: Bothriochloa ischaemum, Bromus tectorum, B.
squarrosus, Carex liparicarpos, Festuca vaginata, F. wagneri, Koeleria glauca, Poa bulbosa, Secale
sylvestre, Stipa capillata, S. borysthenica, Achillea ochroleuca, Alkanna tinctoria, Alyssum tortuosum,
A. montanum subsp. gmelini, Arenaria serpyllifolia, Artemisia campestris, Centaurea arenaria,
Colchicum arenarium, Corispermum nitidum, C. canescens, Dianthus serotinus, D. diutinus,
Ephedra distachya, Euphorbia seguierana, Fumana procumbens, Gypsophila fastigiata subsp.
arenaria, Iris humilis, Kochia laniflora, Linum hirsutum subsp. glabrescens, Medicago minima, Onosma
arenaria, Polygonum arenarium, Potentilla arenaria, Salsola kali, Silene borysthenica, S. conica,
Syrenia cana (Erysimum canum), Teucrium chamaedrys.

The sand dune areas of the Great Plain were formed during the ice age, and were naturally
mobilized several times until recently (Loki et al. 1995; Jakab et al. 2004; Sipos and Kiss 2006). Areas
of shifting sand were also generated by overgrazing. The vegetation of shifting sand is one of the most
dynamic communities of Hungary (regarding changes in forest cover and in the dominance-structure of
species) (Fekete 1992; Biré and Molnar 1998; Bartha 2007b; Bir6 et al. 2007, 2008; Bartha et al.
2008a, b, c). There are no direct data on the forest cover of the dunes, but it is likely that they were not
forested completely at any time throughout the Holocene (Jakab et al. 2004; Stimegi et al. 2005). Thus,
at least parts of the grassland vegetation are likely to be continuous from the late glacial and the early
postglacial (Boreal) periods. Also, it is not known since when Festuca and Stipa species have been the
dominant grasses of these open steppes.

In the description of Kitaibel, the current flora of shifting sand may be recognized, but in a much
more open and treeless landscape. The maps of the First Military Survey show extensive treeless
sand dune areas with very few arable lands, tree plantations, orchards and vineyards (Bir6 and Molnar
1998). At that time, the open sand steppes formed an extensive, partly contiguous system of habitat
patches in the sandhill area between the Danube and Tisza Rivers (Bird 2003). The primary species
stabilizing sand dunes in the nineteenth century was Festuca vaginata (Fekete 1992; Bir6 and Molnar
1998).

With the diminishing effect of wind and declining frequency of overgrazing since the nineteenth
century, natural closure of the vegetation has been taking place and shrubs have been spreading.
Today, Juniperus communis, Populus alba, P. nigra, P. canescens, and Crataegus monogyna are
common, sometimes abundant, in most sand dune areas. Shifting sand dunes disappeared, and
vegetation cover increased strongest in communities dominated by Festuca wagneri (Fekete et al.
2002). Afforestation of shifting sand and the simultaneous establishment of orchards and vineyards
with the development of a network of distant farms commenced in the nineteenth and were
completed in the twentieth century. As a result, the total area of open sand steppes was reduced to 6—
8% of their original size (Bir6 2008).

Invasive species (Asclepias syriaca, Robinia pseudacacia, Ailanthus altissima, for example) have
been spreading rapidly, although mainly in the secondary or more degraded stands, and in oldfields
and plantations adjacent to them (Botta- Dukat 2008; Czucz et al. 2011). Today, these steppes are
rarely plowed, but their afforestation is still in progress. Their total area is 10,700 ha, of which
only one third is rather natural. It is because many tracts of arable land have been abandoned
recently in sandy habitats, which undergo relatively rapid regeneration (Csecserits and Rédei 2001;
Bartha 2007c; Bartha et al. 2008b, c), and thus are classified in this habitat category. The
vegetation type is a bit endangered (Fig. 7.2).

7.4.5.Closed Sand Steppe (Habitat Code: H5b)

Closed dry and semi-dry steppes on humus rich sandy soils. The minimum cover of the herb layer is
50%. They occur in almost every sandy region of the country.

Characteristic, dominant and constant species are: Bothriochloa ischaemum, Carex humilis,
Chrysopogon  gryllus, Festuca wagneri, F. rupicola, Holoschoenus romanus (Scirpoides
holoschoenus), Koeleria cristata, Phleum phleoides, Poa angustifolia, Stipa capillata, S. borysthenica,
Achillea ochroleuca, Adonis vernalis, Anemone sylvestris, Anthericum liliago, A. ramosum, Asperula
cynanchica, Aster linosyris, Astragalus austriacus, A. dasyanthus, A. exscapus, A. asper, Chamaecytisus



ratisbonensis, Colchicum arenarium, Dianthus giganteiformis subsp. pontederae, Filipendula
vulgaris, Geranium sanguineum, Inula salicina, Iris aphylla subsp. hungarica, Iris humilis, I.
variegata, Peucedanum arenarium, Plantago media, Potentilla arenaria, Pulsatilla pratensis subsp.
hungarica, P. patens, Salix repens subsp. rosmarinifolia, Salvia pratensis, Scabiosa canescens,
Senecio (Tephroseris) integrifolius, Silene borysthenica, Teucrium chamaedrys, Trifolium alpestre,
Veronica pallens (Pseudolysimachion incanum), V. spicata (Pseudolysimachion spicatum).

The habitat of closed sand steppes is completely suitable for forests (Magyar 1961). Despite
this, the available, but not yet decisive historical data suggest that it was only partially forested
during the last 10,000 years (Jakab et al. 2004; Siimegi et al. 2005). In the first half of the
Holocene, there might have been more extensive steppe woodlands in sandy habitats, the
disappearance of which probably took place during the past 5-6,000 years (see Siimegi et al. 2005).
From the late Neolithic Age to the eighteenth century, most of the closed steppe stands may have
been plowed up (many of them even several times), or were at least grazed for several thousand
years. It is unknown how many sand steppe species had disappeared by the eighteenth century. The
decline in the number of steppe species from the mountain ranges to the center of the sandhill area is
very evident today (Fekete et al. 1999, 2010). Our field experience and earlier floristic data suggest
that similarly to salt steppe woodlands, the steppe flora is richer in the vicinity of sand steppe
woodlands than at sites having been treeless for long. This phenomenon may be explained by less
intense land use, a great diversity of microclimatic sites, a small-scale variation in habitat conditions,
and, as a conse- quence of all these, by a great variety of microrefugia (Molnar 1998; Molnar et al.
2008d).

Judged from his species lists, Kitaibel probably observed mostly disturbed and species-poor,
weed-infested, supposedly secondary stands (many of them may have been oldfields). Floristic
data, mainly from the nineteenth century, indicate an altogether rich steppe flora (see Molnar et
al. 2008d). According to the sheets of the First Military Survey, the plowing of closed sand steppes
already began at the end of the eighteenth century, although most of the sandy habitats with humus-
rich soil were still covered with almost completely treeless sand steppe.

During the nineteenth century, almost 100% of the closed sand steppes were plowed up. Apart from
some military grounds, this vegetation survived only in refugia (fringes and glades of sand steppe
woodlands, rather humus-rich depressions among sand dunes, dune tops in marshy and saline
environments). Owing to draining of wetlands in the second half of the twentieth century, many
secondary and species- poor, atypical stands have developed from former calcareous fens and Molinia
meadows (Molnér et al. 2008d). Certain stands are invaded by shrubs, others by invasive species (e.g.,
Robinia pseudacacia). Litter accumulation is pronounced in stands recently freed from grazing. It
undergoes slow regeneration, often in small areas, because oldfields in this habitat occur mostly at
the edges of sand dunes and as enclosures in wetlands. Sand steppes developed from drained
meadows are often plowed up. The total area of closed sand steppes is 28,000 ha, of which only a few
percent is found in their original habitat. Only one quarter of the stands are considered natural
(naturalness 4 and 5). The more species-rich stands are greatly endangered (Fig. 7.2).
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Fig. 7.2 Present distribution of forest-steppe habitats on sand in Hungary. The background gray color
indicates the potential distribution of sand vegetation (Based on Zo6lyomi 1989)

7.4.6. Juniperus-Populus Steppe Woodland and Scrub (Habitat Code: M5)

These are open woodlands or scrub dominated by Juniperus communis and/or Populus alba and P.
canescens on sandy soils with low to moderate humus content. This species poor, open vegetation type
is typically poor in forest species, and forms a mosaic with open sand steppes (G1). It is most
widespread on the Great Plain, in the sandy region between the Danube and Tisza rivers.

Characteristic, dominant and constant species are: Berberis vulgaris, Crataegus monogyna,
Juniperus communis, Ligustrum vulgare, Populus alba, P. canescens, P. nigra, Rhamnus catharticus,
Brachypodium  sylvaticum, Convallaria majalis, Geum urbanum, Hieracium umbellatum,
Lithospermum officinale, Polygonatum odoratum, P. latifolium, Vincetoxicum hirundinaria, Viola
hirta, V. odorata.

Although Juniperus communis is a widespread species on the sand dunes today, very few data on
its occurrence are available from the past 10,000 years (Jarainé Komlodi 1985). It may have appeared in
the landscape 2,000 years ago simultaneously with the decline of Quercus followed by Carpinus and
Fagus.

According to the hypothesis of Gabor Fekete (Fekete 1992), the surfaces of sand dunes well above
the groundwater table are settled, in the absence of habitat specific woody species, by the generalist
Juniperus communis and/or Populus alba and P. canescens ‘borrowed’ from floodplain forests. Thus,
this scrub is the edaphic climax community in the successional series of sand dunes. With regard to
the origin of Juniperus-Populus scrub, other hypotheses have also been put forward. So6 (1960) does
not exclude the possibility that Juniperus-Populus scrub may develop from closed Quercus forests via
degradation, though he also accepts the view that this vegetation may be part of the natural
successional series of primary succession on sand dunes. Simon (1985) argues that the direct
successional vegetation development from open sand steppe via Juniperus-Populus scrub to Quercus
woodlands is possible. These opposing views stem partly from the fact that stands of oak trees are still
present in certain sand dune areas, whereas the forest flora is completely absent in others.

Phytosociological material documenting the species composition of Juniperus-Populus scrub is
very scant. The only published phytosociological tables are from Szodfridt (1969). Based on these
data, he explicitly rejects the idea that Juniperus-Populus scrub may develop from Quercus woodlands
via degradation. Based on the position of this community on dunes, two types were described. The
first is found on top of the dunes, in which species typical of sand steppes are still dominant, whereas
in the other type, growing in depressions, already some species of open forests and closed steppes with
broad ecological tolerances (mostly shrubs) appear. There are only very few exclusive forest species
(while mesophilous forest plants are completely absent), even though oak woodlands and forests are
not absent in the studied landscape.

In the sand dune areas of Hungary, several types of Juniperus-Populus scrub may develop
depending on the geomorphology of the dunes. They primarily differ in the dominance relations of the
two edifying species, which is determined by their dynamics (for instance, Populus species grow



larger and form denser stands in concave, more favorable sites, from which Juniperus is gradually
excluded owing to strong shading). The position of these types relative to one another and the
occurrence of these types as a series is characteristic of the landscape (Babos 1955).

As of today, there are no relevant data available from the Holocene to test the two hypotheses (data
from landscape analyses currently support both). The total absence of extensive Juniperus scrub in the
sandhill area between the Danube and Tisza rivers during much of the Holocene cannot be excluded
either. In evaluating the hypotheses, it is important to consider that there are fully grown Quercus
robur and Q. pubescens trees in the dry sand dunes, and it is also possible that Quercus woodlands
could not develop in certain sand dune areas during the last millennia due to continual forest clearing,
fires and heavy grazing.

At the time of the First Military Survey, most sand dune areas in the Kiskunsag were treeless (Biro
2003). Often, even open Populus woodlands and thickets were missing there. Even Kitaibel recorded
only loose groups of Populus trees on sand dunes with typical species of the sand steppe flora in
between.

During the nineteenth century, the sparse woodlands of the dunes extended in area (Bir6 2008; Biro
and Molnar 2009), which was partly a spontaneous process, and partly the result of afforestation to
stabilize shifting sand. It is possible that Populus nigra has become a typical species of the sand dune
flora this way (Molnar 2003). One reason for their depauperate forest flora may be just their secondary
origin (besides their open canopy and dry habitat conditions). Their regeneration potential is very
good, particularly in sand steppes, but also in oldfields. The presence of invasive species in the stands is
typical (Robinia pseudacacia, Ailanthus altissima, more recently Prunus serotina, Juhasz and Bagi 2008;
Juhasz et al. 2009; Botta-Dukat et al. 2008). Certain stands are under intensive forest management
(Babos 1955). Grazing in this vegetation has almost stopped by now. Their total area is about 3,000 ha.
Almost two thirds of the stands are rather natural (naturalness 4 and 5). It is not endangered (Fig. 7.2).

7.4.7. Steppe Woodland of Quercus on Sand (Habitat Code: M4)

These are steppe woodlands developed on humus-rich sandy soils and dominated by Quercus robur.
They are represented both by rather small groups of trees or more extensive stands. In the landscape,
they typically form a mosaic with sand steppes. Their shrub layer is generally tall and rather dense.
Festuca rupicola and Poa angustifolia, together with the so-called forest-steppe species are common
in the herb layer (Hargitai 1940; So6 1943).

Characteristic, dominant and constant species are: Berberis vulgaris, Betula pendula, Chamaecytisus
ratisbonensis, Cornus sanguinea, Corylus avellana, Crataegus monogyna, Euonymus europaeus,
Fraxinus angustifolia subsp. pannonica, Ligustrum vulgare, Malus sylvestris, Populus alba, P. tremula,
Pyrus pyraster, Quercus robur, Q. pubescens, Rhamnus cathartica, Rosa elliptica, R. gallica, Salix
rosmarinifolia, Viburnum lantana, Anemone sylvestris, Brachypodium pinnatum, B. sylvaticum,
Campanula bononiensis, Clinopodium vulgare, Convallaria majalis, Cucubalus baccifer, Dictamnus
albus, Gentiana cruciata, Geranium sanguineum, Hieracium umbellatum, Iris variegata, Jurinea
mollis, Lithospermum officinale, Lychnis coronaria, Melampyrum cristatum, Origanum vulgare,
Peucedanum cervaria, P. oreoselinum, Polygonatum odoratum, Silene conica, Tanacetum corymbosum,
Thalictrum minus, Trifolium alpestre.

It is assumed that the extent of forests in areas of dry sand was greater in the first half of the
Holocene, and much smaller afterwards. Based on indirect evidence, these woodlands were perhaps
composed of 7ilia and Ulmus in addition to Quercus (see Jarai-Komlodi 1966, 1985; Jakab et al. 2004;
Stimegi et al. 2005). In the Middle Ages, much more extensive woodlands existed in certain areas, but
they were far in between (Hargitai 1940).

It may be inferred from the Descriptio of the First Military Survey that most of the wooded areas
were Quercus woodlands, most of them with a 15-year clearing cycle (Molnar 1998). Data from
Kitaibel suggested the heavy use of these forests along with their protection (for example, dense Salix
hedgerows protecting them from grazing).

The stands have shrunk to a fraction of their original size during the past 200 years. They
were transformed to arable land to a lesser, and tree plantations, first Robinia then Pinus, to a large
extent. The formerly short clearing cycle was gradually increased to 25, then 40 years, and grazing in
the forest was abandoned. Owing to water regulation carried out in the region in the twentieth century,



the groundwater table has dropped 2—3 m, and the oaks started to die (Molnar 1998). The forests have
been degraded first by the invasion of Robinia pseudacacia, more recently by Prunus serotina,
and at places by wild game populations (wild boar, fallow deer) well exceeding carrying capacities.
Most of the stands are surrounded by Robinia plantations. Several of the original species went locally
extinct (for example Majanthemum bifolium, Dracocephalum austriacum). Establishment of oak
plantations by currently adopted forestry methods is hardly successful (Molnar 1998). The total area of
this vegetation type is ca. 290 ha. This is one of the most endangered vegetation types in Hungary. Half
of the stands are degraded, and their regeneration potential is the lowest among all. Despite their legal
protection, stands are cleared even today by forestry companies (Fig. 7.2).

7.4.8. Artemisia Steppe on Solonetz Soil (Habitat Code: Fla)

These steppes occur in the Carpathian Basin on saline, mainly solonetz soils that are periodically
(but rarely and then only slightly) moist for a short time. They are shortgrass steppes dominated by
Festuca pseudovina and Artemisia santonicum as the most frequent co-dominant species. Large stands
(the so-called puszta) are typical. This vegetation type is usually rich in halophytic species, whereas
species of wet meadows and dry steppes on chernozem soils are rare. It also hosts a number of endemic
taxa.

Characteristic, dominant and constant species are: Festuca pseudovina, Hordeum hystrix, Poa
bulbosa, Allium vineale, Artemisia santonicum, Bassia prostrata, Bupleurum tenuissimum, Cerastium
dubium, C. pumilum, Erophila verna, Gypsophila muralis, Limonium gmelini, Lotus tenuis (L. glaber),
Myosotis stricta, Ornithogalum tenuifolium, Plantago schwarzenbergiana, Podospermum canum,
Ranunculus pedatus, Scilla autumnalis, Trifolium retusum, T. angulatum, T. parviflorum (retusum),
Veronica arvensis.

Stimegi et al. (2006) consider the Hortobagy steppe as an almost completely treeless saline
landscape (with graminoids, Plantago maritima, Artemisia santonicum, many Chenopodiaceae, among
them supposedly Atriplex tatarica, Suaeda spp.) at the end of the Glacial Period and through the
Holocene. In the interior of the roughly 100,000-ha-large Hortobagy, the pollen of Fagus, Carpinus,
Fraxinus and Tilia were absent throughout the entire Holocene (as opposed to the nearby floodplains).
These data suggest that the current stands of Artemisia steppe of the Great Plain may have directly
descended from former salt steppes in earlier parts of the Holocene (Somogyi 1965; Siimegi et al. 2000,
2006). It is not known, however, how much the species pool has changed since the late Glacial Period,
and for how long Festuca pseudovina and Artemisia santonicum have been the dominant species.

We identified the following species group in the 92 detailed lists of salt steppe species of Kitaibel,
which were recorded during his journeys through the Great Plain around the turn of the eighteenth to
nineteenth century. Artemisia santonicum-group: Artemisia santonicum, Limonium gmelini, Bromus
hordeaceus, Achillea collina, Plantago maritima, (Festuca pseudovina), (Podospermum canum),
(Puccinellia limosa), (Atriplex hastata). This list recalls the Artemisia salt steppe for contemporary
botanists. The written and often very apt descriptions of Kitaibel, which were based on great field
experience, also indicate that he saw the saline steppes east of the Tisza River the same as we see
them today. Species frequencies in the 92 species lists also correspond well to the current situation. On
the sheets of the First Military Survey prepared between 1783 and 1785, the saline steppe cannot be
recognized, but it is likely that the grassy fields mentioned in the description as “moist from rain”
were not part of the floodplain, but of saline steppe. Robert Townson, a British explorer, traveling
through the Hortobagy almost the same time (1799) as did Kitaibel, describes the Hortobagy
unambiguously as a desolate land and depicts it as an immense barren land devoid of trees (apud
Nyilas 1999).

The extension of Artemisia steppes has been reduced by plowing, amelioration and establishment
of rice paddies during the past 200 years, although substantially less compared to other forest-steppe
habitats. The degree of weed infestation is limited (Bromus hordeaceus, Hordeum hystrix), and the
condition of many stands has improved in response to decreasing overgrazing in the past 30—40 years.
They are almost completely free of invasive species. A long-term threat is leaching of the upper soil layer
prompted by dropping groundwater levels, which results in the replacement of the halophytic species by
generalist ones. On sufficiently saline soils, the Artemisia steppe has high regeneration potential, and
can develop even in oldfields. It is one of the least endangered vegetation types in the forest-steppe



zone in Hungary. Its total area currently is 33,800 ha, two thirds of which are in rather natural condition
(naturalness 4 and 5) (Fig. 7.3).

7.4.9. Achillea Steppe on Solonetz Soil (Habitat Code: F1b)

This is a secondary, species-poor and usually shortgrass community growing typically on
meadow solonetz soil. It is dominated generally by Festuca pseudovina and Achillea setacea and/or A.
collina, which are associated with other pseudo- halophytic species, dry grassland species and
generalist meadow species (it is usually poor in Achillea asplenifolia and stenohalophytic species). It
occurs on drained or naturally dry former floodplains and may also develop from Artemisia
steppes following leaching of the soil.

Characteristic, dominant and constant species are: Carex stenophylla, Cynodon dactylon, Festuca
pseudovina, Koeleria cristata, Lolium perenne, Poa angustifolia, Achillea setacea, A. collina,
Bupleurum tenuissimum, Cardaria (Lepidium) draba, Euphorbia cyparissias, Inula britannica,
Limonium gmelini, Plantago lanceolata, Podospermum canum, Ranunculus pedatus, Scleranthus
annuus, Trifolium fragiferum.

Data on its Holocene history are not available. Because of the regular relocation of riverbeds during
the Holocene (Somogyi 1965; Siimegi et al. 2000), and the presumed periodical leaching of saline soils
(Somogyi 1964, 1965), its occurrence may have been rather frequent in the past. There is no reference
to this vegetation type in the notes of Kitaibel.

In the past 200 years, its area could have multiplied. It is the dominant habitat type in unplowed, but
drained floodplains. It may develop in place of riparian forests after their clearing (Molnar and Borhidi
2003). It is often weed-infested, particularly when heavily grazed or when the soil is drained or leached,
but invasive species are rare. It may develop in oldfields or from ameliorated Artemisia steppes and
drained saline meadows. It easily regenerates, even in oldfields. Its total area is 46,000 ha, but only
less than one third of the stands are in rather “natural” conditions (naturalness 4: low cover of weeds,
dominance of Festuca and Achillea). It is not an endangered vegetation type (Fig. 7.3).

7.4.10.Saline Meadow (Habitat Code: F2)

These are seasonally inundated tallgrass meadows growing on solonetz or solonchak meadow
soils. Their habitat typically is covered with water from October till May or June, and the soil remains
moist throughout much of the year. They are less diverse on solonetz soils, where characteristic
tussocks on small mounds of mud are formed, and this contributes to increased naturalness and species
diversity.

Characteristic, dominant and constant species are: on solonetz: Alopecurus pratensis, Beckmannia
eruciformis, Glyceria fluitans subsp. poiformis, Oenanthe silaifolia, Plantago schwarzenbergiana;
Ranunculus lateriflorus, R. sardous, Rorippa sylvestris subsp. kerneri, on solonchak: Carex distans,
Festuca arundina- cea, Juncus gerardii, Puccinellia limosa, Achillea asplenifolia, Linum perenne,
Orchis laxiflora subsp. palustris (Anacamptis palustris), Rhinanthus angustifolius subsp. serotinus,
Scorzonera parviflora, Taraxacum bessarabicum, Triglochin maritimum.

It is unknown whether or not these meadows were originally forested, though the former existence
of forests in these habitats is very unlikely not only for the presence of salts in the soil, but also for
the widely fluctuating water regime and the heavy soil (Debreczy in Molnar and Kun 2000). Stimegi
(2005b) demonstrated the presence of regularly desiccating, but not flooded meadows in the
Hortobagy during the Holocene, which could have been saline meadows.

We identified three species groups in the species lists of Kitaibel: (1) Beckmannia group: Lythrum
virgatum, Beckmannia eruciformis, Trifolium fragiferum, Glyceria poiformis subsp. fluitans, meadow
species, (Festuca pratensis-arundinacea), (marsh species), (Alopecurus geniculatus) and (Alopecurus
pratensis); (2) Ranunculus lateriflorus group: Ranunculus lateriflorus, Elatine alsinastrum, Rorippa
sylvestris subsp. kerneri, Eleocharis palustris, Glyceria poiformis subsp. fluitans, marsh species,
Alopecurus geniculatus, (Plantago tenuiflora) and (meadow species); (3) Achillea asplenifolia-
Agrostis stolonifera group: Festuca arundinacea- pratensis, Achillea asplenifolia, Agrostis
stolonifera, (fen species), (Carex distans), (Juncus compressus).
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Fig. 7.3 Present distribution of forest-steppe habitats on saline soils in Hungary. The background gray color
indicates the potential distribution of saline vegetation in general, and that of saline steppe woodlands in
particular (Based on Zélyomi 1989)

The Beckmannia group suggests the presence of characteristic, wet saline meadows with ample supply
of water, whereas the Ranunculus and Achillea-Agrostis groups indicate muddy habitats with heavily
grazed (possibly by cattle) vegetation and solonchak meadows, respectively. Maps of the First
Military Survey depict the non-flooded (possibly saline) meadows only irregularly, and thus the
reconstruction of their original extent is not reliable. According to Kitaibel, Alopecurus pratensis was
a common and typical species of saline meadows also at his time.

Saline meadows on solonetz soils have become substantially drier in the past 200 years, and
their extension also decreased. Nevertheless, a very large number of stands have survived due to their
heavy soils and the topographical features (many small local depressions that are very costly to
drain) of their habitats. The extension of saline meadows on solonchak soils, however, has been
drastically reduced. The groundwater table has dropped, sometimes as much as 2-3 m (Palfai 1994),
and the soil has been leached. Invasive species are rare. Plowing threatens mainly the stands on sand.
They regenerate well, even in oldfields and after ame- lioration of the habitat. When left unmanaged,
leaf litter accumulates rapidly, and diversity drops. Its total area is 93,000 ha, making it the most
common habitat type in Hungary. More than half of its stands are in conditions close to natural
(naturalness 4 and 5). It is rather threatened on solonchak soils, but not on solo- netz (Fig. 7.3).

7.4.11. Saline Tall Herb Meadow Steppe (Habitat Code: F3)

These saline meadow steppes are dominated by meadow steppe and dry steppe spe- cies as well as
halophytes; primarily Apiaceae and other tall herbs determine their structure. They occur mainly in the
eastern part of Hungary on solonetz soils. Their habitat is typically wet in the spring and dry in the
summer. The most frequent char- acteristic species are Aster punctatus, Artemisia pontica and
Peucedanum officinale. The more mesic variant resembles tallgrass meadows and is rich in
characteristic species and species of meadow steppes, whereas the drier variant is rather short and
represents a transitional stage towards Achillea steppes. The species-richest stands are linked to steppe
woodland of oaks on saline soils or hardwood (Fraxinus, Ulmus, Quercus) gallery forests, but most of
the stands occur now in non-wooded environ- ments. Similar habitats occur as far to the East as
Mongolia (Varga 1989).

Characteristic, dominant and constant species are: Alopecurus pratensis, Festuca pratensis, F.
rupicola, F. pseudovina, Phragmites australis, Artemisia pontica, Aster linosyris, A. punctatus,
Clematis integrifolia, Dianthus pontederae (D. gigan- teiformis subsp.), Filipendula vulgaris, Fragaria
viridis, Iris spuria, Limonium gmelini, Lotus angustissimus, Lychnis flos-cuculi, Peucedanum
officinale, Plantago schwarzenbergiana, Rumex pseudonatronatus, Serratula tinctoria, Seseli varium,
Veronica spicata (Pseudolysimachion spicatum), Viscaria vulgaris (Lychnis viscaria).

These saline meadow steppes may have been continuously present in the eastern part of the Great
Plain since at least the Late Glacial Period, which is suggested by fossil pollen of Thalictrum sp.,
Peucedanum sp., Filipendula ulmaria, and Sanguisorba officinalis found at the margin of the Tisza
floodplain (Magyari 2002; Siimegi 2004). More detailed data, however, are not available.

Kitaibel described stands of Peucedanum officinale at several locations. The co-occurring
species there were essentially the same as those today, but the number of stands linked more strongly to
floodplains may have been higher. Analysis using the JUICE software resulted in the following species
group: Peucedanum officinale-Aster punctatus group: Peucedanum officinale, Aster punctatus,
Artemisia pontica, dry steppe species, Clematis integrifolia, Eryngium planum, Peucedanum
alsaticum. This list completely concurs with the flora of characteristic contemporary stands. Contrary
to our expectation, Kitaibel recorded Peucedanum officinale only infrequently suggesting that this
kind of meadow steppe was uncommon on floodplains and their margins even 200 years ago. The
First Military Survey does not provide information.

During the past 200 years, many of its stands have been plowed or afforested. Others dried up,
which has lead to the development of vegetation of shorter stature with an atypical species
composition. They are sometimes infested by weeds. Stands adjacent to forests may be invaded by



shrubs. They have limited regeneration potential, although some of the typical species readily enter
oldfields where they may become abundant (i.e. Aster punctatus). The total area of this community is
barely 1,120 ha, one third of which is in good condition (naturalness 4 and 5). It is endangered
(particularly the species-rich stands) (Fig. 7.3).

7.4.12. Puccinellia Meadow, Annual Halophytic Vegetation of Salt Lakes and Vegetation of
Saline Flats (Habitat Code: F4 and F)5)

In the most saline habitats of Hungary, three main community types are distinguished: (1) annual
halophytic vegetation of salt lakes and mud-flats (F5); (2) vegetation of saline flats embedded in dry
saline steppes as small patches (F5); and (3) closed Puccinellia meadows (F4). These communities are
rich in Pannonian endemics, and exhibit pronounced continental characteristics. They develop on
strongly saline soils that are under water early in the vegetation period, but then dry out completely. On
solonchak soils, precipitation of crystallized salts on the ground surface is common.

Characteristic, dominant and constant species are: Crypsis aculeata, C. alope- curoides, C.
schoenoides, Cyperus pannonicus, Pholiurus pannonicus, Puccinellia limosa, P. festuciformis subsp.
intermedia, Aster tripolium subsp. pannonicus, Atriplex littoralis, Bassia sedoides, Camphorosma
annua, Chenopodium chenopo- dioides, C. glaucum, Lepidium crassifolium, Matricaria chamomilla
var. salina, Myosurus minimus, Plantago maritima, P. tenuiflora, Plantago schwarzenbergiana,
Rorippa sylvestris subsp. kerneri, Salicornia prostrata, Salsola soda, Spergularia media, S. salina,
Suaeda pannonica, S. maritima, S. salinaria.

We assume that stands of considerable size may have existed continuously in Hungary since the
Pleistocene. However, direct evidence is very scarce, because the survival chance of pollen grains is
greatly reduced by soil salinity and soil cracking. Furthermore, it is very difficult to distinguish
among Chenopodiaceae pollen (but see fossil evidence for the occurrence of Suaeda and Atriplex
tatarica in the Hortobagy steppe, Siimegi et al. 2006). Before the draining of wetlands, several
hundred salt lakes of variable ages occurred on the Great Plain (Molnar 1979; Boros and Bird 1999).
Surprisingly, Polygonum aviculare, which is considered an indicator species of human disturbance
(trampling by humans and livestock), has been a regular companion in the communities on saline mud-
flats in the Hortobagy through- out the Glacial and Postglacial periods (Siimegi et al. 2006) suggesting
that it is a natural component of these communities.

Kitaibel observed similar habitats at many places. He often recorded salt harvests by sweaping, and
even the collection of soda (sodium carbonate). Once he describes the vegetation zones of a salt lake:
open water in the center with Bolboschoenus maritimus, then Puccinellia limosa outward, followed by
other species (Plantago maritima, Podospermum canum, Lepidium crassifolium, Camphorosma
annua). This perfectly corresponds to the vegetation zones of current salt lakes with white water. We
identified the following six species groups by analyzing the 92 species lists of Kitaibel with the
JUICE software: (1) Pholiurus group: Trifolium angula- tum, Ventenata dubia, Pholiurus pannonicus,
arable weeds, Bromus hordeaceus and Myosurus minimus; (2) Hordeum hystrix-Lepidium ruderale
group: Matricaria chamomilla var. salina, Polygonum aviculare, Hordeum hystrix, Lepidium ruderale,
Bromus hordeaceus, Pholiurus pannonicus, (Artemisia santonicum) and (Plantago tenuiflora); (3)
Matricaria chamomilla group: Bromus hordeaceus, Matricaria chamomilla var. salina, arable weeds,
Lepidium perfoliatum, Festuca pseudovina, (Myosurus minimus), (Podospermum canum) and
(Lepidium ruderale). (4) Suaeda maritima group: Suaeda maritima, Salicornia prostrata, Suaeda
pannonica, Scorzonera parviflora, Aster tripolium, Atriplex hastata, Crypsis aculeata, (Spergularia
maritima); (5) Lepidium crassifolium group: Lepidium crassifolium, Camphorosma annua, (Plantago
maritima), (Aster tripolium); (6) Puccinellia limosa-Lepidium crassifolium-Camphorosma annua
group: Camphorosma annua, Lepidium crassifolium, Puccinellia limosa, Limonium gmelini, Plantago
maritima, (Lepidium ruderale), (Atriplex hastata).

The first three groups indicate disturbed stands on solonetz soils. The cause of disturbance may be
regular trampling, grazing, and partly the inclusion of secondary stands at the margin of arable fields into
the species lists. The fourth and fifth group represent species characteristic of salt lakes and saline
flats on solonchak soils, respectively, whereas the sixth group includes the generalist species of
Puccinellia meadows and saline flats. In the latter cases the species lists also correspond to the
current situations.



In the First Military Survey, the Austrian military officers sometimes attached some texts to salt
lakes, such as “Himmelteich” (a lake from the sky), and “dries up completely by summer”. These data
most likely refer to temporal intermittent lakes without concentrated inflow. The tiny salt lakes and
muddy surfaces in the salt steppes are not depicted on the maps, however.

In the past 200 years, these habitats dried up considerably, or their soil often became leached.
Certain stands were plowed up or ameliorated. Most of the salt lakes in sandy areas have completely
dried up in the last third of the twentieth century, whereas salt lakes on heavy solonetz soils suffered
less from drought (there the spread of Bolboschoenus causes some problems). Their vegetation rapidly
regenerates in suitable habitats, but regeneration ability sharply drops on leached soils. Soil leaching is
followed by colonization of meadow, marsh or steppe species, and the development of a closed
vegetation cover. Salt accumulation on the surface has ended at many places. Invasive species are
missing. Only heavy overgrazing may cause moderate weed infestation. The total area is
approximately 9,500 ha. The condition of around 80% of the stands is close to natural (as the
degraded ones are often classified into other habitat types). They are not threatened on the short run
(except for salt lakes, which are endangered), but on the long run leaching may result in the
transformation of many stands (Fig. 7.3).

7.4.13. Steppe Woodland of Quercus on Saline Soils (Habitat Code: M3)

These are open woodlands on saline soils dominated by Quercus robur. The stands rarely reach a
height of 15 m, and form a habitat mosaic with saline tall herb meadow steppes, halophytic
communities, dry steppes and reed beds. Forest elements are mixed with steppe and halophytic species.
This habitat occurs almost exclusively in the eastern part of Hungary.

Characteristic, dominant and constant species are: Acer tataricum, Crataegus monogyna, Fraxinus
angustifolia subsp. pannonica, Ligustrum vulgare, Malus syl- vestris, Prunus spinosa, Pyrus pyraster,
Quercus robur, Ulmus minor, Agropyron caninum, Alopecurus pratensis, Arum orientale, Aster
punctatus, Betonica officinalis, Brachypodium sylvaticum, Carduus crispus, Carex melanostachya,
Corydalis cava, Cucubalus baccifer, Doronicum hungaricum, Lathyrus niger, Melampyrum cristatum,
Melica altissima, Peucedanum officinale, Poa nemoralis, Polygonatum latifolium, Pulmonaria mollis,
P, officinalis, Ranunculus ficaria, Scilla vindobonensis, Serratula tinctoria, Viola cyanea-odorata.

A substantial portion of the current stands of steppe woodlands on saline soil may have developed
from hardwood gallery forests by means of water loss in their habitat, which has been witnessed in the
past 150 years, and as a consequence, canopy gaps developed. We propose this hypothesis on the basis
of indirect historical evidence, literature data (Mathé 1933; Sod 1960; Zoélyomi and Tallés 1967,
Z6lyomi 1969b, c; Molnar 1989), and the examination of current stands. This hypothesis was put
forward first by Mathé (1933). Later it was accepted by Sod (for example So6 1960) as opposed to
Z6lyomi (Zolyomi and Tallos 1967; Zolyomi 1969b, c). Another group of saline steppe woodlands
may represent stands that developed before draining and water regulation. They may have occurred in
floodplains where the soil had a deep saline soil horizon, and which gradually dried out as a consequence
of changes in the course of rivers (see Somogyi 1965). This origin is suggested by the geographical
situation of certain stands that are now bordered by ancient riverbeds and oxbows, which were
naturally cut-off from the river many centuries ago. Habitat desiccation and salinization thus may
have taken place before water regulation, which represented only the second step in their development.

On the Great Plain, Kitaibel observed ‘forests on saline soils’ at several locations, which were rather
similar to those today, but exhibited more pronounced gallery forest characteristics. He also described
forests growing in floodplain and/or saline environments with large amounts of Peucedanum
officinale and Aster punctatus. During the First Military Survey, data making this vegetation type reliably
recognizable were not collected (only the continuous existence of the present forests on saline soil may
be demonstrated, but not their saline character 200 years ago).

During the past 200 years, the size of the few remaining stands further decreased, and some even
disappeared. The canopy has been closing, and the glades have been invaded by shrubs owing to the
cessation of grazing and cutting. The forest interior tended to become atypical (species-poor) rather
than weedy. Spread of invasive species has started. Some of the stands are still intensively managed,
while most of them are under legal protection. Several saline areas have been afforested with Quercus
robur. A portion of these plantations have opened up, and the rather old stands gradually attain steppe



woodland physiognomy. The regeneration ability of these steppe woodlands is generally good in
glades, poor in plantations, and zero in oldfields. Their total area is barely 130 ha, although with the
directly adjacent closed forest patches — that are classified in a different habitat type: closed lowland
Quercus forests (LS) — it is twice as large. Barely one fifth of the stands are in good condition
(naturalness 4 and 5). It is a strongly endangered vegetation type (Fig. 7.3).

7.5. Past Trends in the Hungarian Forest-Steppe Habitats

It was at the end of the eighteenth century that the spatial and temporal density, reliability and
detail of vegetation data suddenly increased in Hungary. At that time the first detailed data on the
extension, species composition and land use his- tory of almost all forest-steppe habitats were
collected (Kitaibel’s diary, First Military Survey, Birdé 2006; Molnar 2007). Luckily, this was before
river regula- tion and afforestation programs were launched in Hungary (T6th 1997). The data
indicate that most forest-steppe habitats already had undergone considerable transformation by this
time. Steppe woodlands on loess had almost completely disappeared (in fact we do not even now
their extent during the entire Holocene). Steppe woodlands on sand were already missing in many
sand areas and those that remained became thin and patchy. The steppe woodlands on saline soils
were also small in size. Large sections of the forest-steppe area were treeless and even shrubless.
Roughly 20% of all the forests may have been steppe woodland (mostly on sand), 67% were wet or
mesic forest on floodplains and along rivers and rarely swamps, and 13% were individual trees or
groups of trees and shrubberies. Around 63% of the forests were dominated by Quercus robur (Bird
and Molnar 2009). According to both Kitaibel and the First Military Survey, the most common woody
vegetation types were gallery forests, steppe woodlands on sand and shrubberies. The forests were
cleared usually in short cycles (<20 years) and/or were heavily grazed. For these reasons the species
number and abundance of forest herbs were small (Molnar 1998).

According to the data of Kitaibel and the First Military Survey (Biré 2006; Molnar 2007), there
were large areas covered with sand steppes and closed steppes on chernozem soil, most of which were
used for grazing (although part of them had already been plowed up). The most typical farming method
— besides the three-field rotation — was switching between crop cultivation and grazing in several-year
cycles. Marshes, as well as saline and sand dune areas were, however, plowed up only very
sporadically. The “struggle” between grazing land and arable land was apparent in the landscape.
Dune areas with wind-blown sand were extensive and occupied an area larger than expected under
natural conditions because of excessive grazing. They were mostly treeless (Populus stands were rare,
Juniperus was almost fully absent), and many of them were shifting dunes. The grassy vegetation
(dominated by Festuca and Stipa spp.) was open and heavily grazed. The area of closed steppes on
chernozem soil, which were extensive during the entire Holocene, further expanded following a
minimum in the Middle Ages. As the several-hundred-year- old regenerating oldfields were very
widespread, species-rich stands may have been rather sporadic. Most of the characteristic steppe
species even then occurred on roadsides and in the unplowed strips between arable fields.

According to the descriptions of Kitaibel, both the solonetz and solonchak areas were very similar to
those of today (species composition, zonal arrangement of com- munities, land use). Their extension
may have reached its maximum then (Kitaibel saw only few arable fields on saline soil). His data
suggest heavy grazing. Kitaibel’s data also show that the saline vegetation did not undergo significant
changes during the past 200 years (see Molnar 1996b, 2003; Molnar and Borhidi 2003), and paleo-
biological evidence suggests the continuity of this vegetation since the end of the Last Glacial Period
(Siimegi et al. 2000, 2006). We emphasize this, because the extensive (thousands of hectares) steppes on
solonetz soil were considered secondary and no more than 150 years old until recently in the Hungarian
botanical and pedo- logical literature (see Szabolcs 1961; Jakucs 1976; Varga and Sipos 1993).

The forest-steppe vegetation experienced great changes during the past 200 years (Table 7.1). Former
trends continued (degradation, plowing) and new processes started due to motorized technologies in agri-
and sylviculture. Amelioration and plowing of saline soils along with transformation into rice paddies
started (though the latter attempts have been given up). Indigenous Quercus forests have been replaced
by Robinia and Pinus plantations (still ongoing), and sand dunes have been afforested (now slowing
down). Draining of wetlands has lead to soil leaching, and colonization of non-salt-tolerant species has
resulted in the development of atypical vegetation. In the second half of the twentieth century, the spread



of invasive species has intensified and eventually has become a widespread and harmful process. Another
threatening factor arising in the past decades is the cessation of mowing and grazing.

Based on a comparison of the latest vegetation map showing the potential natural vegetation
(Z6lyomi 1989) and the actual data of the META database, approxi- mately 251,000 ha (6.8%) of the
total of 3,700,000 ha of forest-steppe vegetation have survived until today (Figs. 7.1, 7.2 and 7.3).
Habitat types that survived most extensively and in the largest patches are those on saline soil, which
are unsuited for crop and intensive hay production (184,000 ha, which is at least 27% of the original
area). Fragments with sizes of several thousands or even several tens of thousands of hectares are not
infrequent. Although stands of the open sand steppe with sizes of several hundreds hectares still
remain, of the overall 1,300,000 ha of forest-steppe on sand, only 42,000 ha remain (3.3%). Most
stands of the closed steppe, however, are secondary, developed from drained wet meadows. The
greatest decline in the extent of forest-steppe vegetation occurred on loess. Of its former 1,730,000 ha,
barely 1.5% are left. A substantial portion of them is fragmented and restricted only to roadsides in
certain parts of the country (Z6lyomi 1969a; Csatho 2010). Presently, they remain to a large extent as
enclosures in saline steppes instead of on large loess tablelands, and as dry derivatives of meadows.
The woody component of the Hungarian forest-steppe has almost completely disappeared from the
loess tablelands and saline soils and has been drastically reduced on sand.

7.6. The Present Status of the Hungarian Forest-Steppe Habitats

The condition of only 5.5% of the stands may be considered natural, 38% semi-natu- ral, 46%
moderately degraded, and 10% strongly degraded (or barely to moderately regenerated), based on the
combined data of all forest-steppe habitat units in the META database. The rest of the stands (2.5%) has
been degraded to such a degree that they can no longer be identified. The degree of degradation of the
stands seems to greatly depend on the suitability of the habitat for crop production, soil condition, and the
secondary origin of stands. The proportion of rather natural stands exceeds 80% only in the case of
Puccinellia meadows and the annual vegetation on saline and mud- flats. This number is around 60% in
Artemisia steppe and Juniperus-Populus scrub, and 12-25% in closed steppe on chernozem soil and on
sand, in the vegetation of loess and clay cliffs, and in steppe woodland on saline soil and on loess
tablelands.

7.7. Future Prospects of the Hungarian

Forest-Steppe Habitats

We considered three approaches for predicting future trends in forest-steppe vegetation in Hungary:
(1) extrapolation of past trends, (2) current threats and regeneration potential, (3) expected climate
change and expected changes in land use.

According to the META database, the most influential factors threatening the forest-steppe
vegetation are (1) spread of invasive species; (2) abandonment of traditional land-use (and, as a
consequence, spread of shrubs and accumulation of leaf litter); (3) drop of the groundwater table due
to regulation and draining, (4) plowing; (5) overgrazing; (6) excessive wild game populations; (7)
afforestation of grassland habitats; (8) forest management practices (Molnar et al. 2008c) (Table
7.3).

The most successful and common invasive species are Robinia pseudacacia, Asclepias syriaca,
Ailanthus altissima, Elaeagnus angustifolia, and more recently Prunus serotina. In view of predicted
climate change and changes in land use we expect new invasive species to appear (Walther et al.
2009).

After a peak in the 1980s, the number of domestic animals kept on grazing fields has been
declining in Hungary for 25 years. Today mostly sheep graze on the steppe, while only a few percent of
the cattle herds graze in the field. The vegetation of abandoned or undergrazed fields gradually
changes: leaf litter accumulates, certain species (for instance, Alopeurus pratensis, Elymus repens,
Bothriochloa ischaemum) become overdominant, the abundance of short plants decreases (such as
Thymus spp., Potentilla arenaria, annuals), while shrubs and invasive species start spreading.

It may seem surprising that groundwater directly influences around 55% of the forest-steppe
vegetation in Hungary. These are primarily forest-steppe habitats on saline soils and steppe



woodlands on sand. The explanation for the latter is that these woodlands are dominated by Quercus
robur, a rather mesic tree of the lowlands. Under current climatic conditions, this oak can be an
edifying species in the forest-steppe on sand only if its roots reach down to the groundwater. In
areas covered with sand, however, the groundwater table has dropped drastically (3—5 m, Palfai 1994;
Szildgyi and Vorosmarty 1997) in the past decades, and therefore these forests can barely regenerate
themselves, and even older trees die off (Molnar 1998).

The regeneration potential of different forest-steppe habitat units is greatly different (Seregélyes et
al. 2008). It depends on the dispersal abilities of species making up the local vegetation, which tends
to be good in species of open sand steppe and saline mud-flats (Bartha et al. 2008a, b, c; Csecserits
and Rédei 2001; Czucz et al. 2011; Biro 2006; Molnar 2007), and on the speed of regeneration, which
is rather low for forests and closed steppes on chernozem soil (Bartha 2007a; Molnar and Botta-Dukat
1998; Molnar 1996a, 1998). It also depends on the spatial characteristics of the neighbouring
landscape, such as the presence of suitable sources of propagules (Molnar and Botta-Dukat 1998;
Czucz et al. 2011) and availability of habitat patches for colonization. Unfortunately, steppe
woodlands, which are among the rarest vegetation types of Hungary, are also the ones with the
lowest regeneration potential among all Hungarian habitat units. This may be the consequence of (1)
their strong fragmentation, (2) the spread of invasive species, (3) the reduced survival and reproductive
success of oaks (due to the increasing frequency of arid years and a decrease in the groundwater table,
Molnar 1998), and (4) the inherently slower regeneration of dry woodlands. We anticipate further
decline in the regeneration potential of almost all forest-steppe habitat units because of the expected
harmful changes in land use, the spread of invasive species, and the predicted increase in aridity.

We may provide only crude estimates on the effects of expected climate change on forest-steppe
habitats (Cztcz et al. 2009, 2010). It is likely that increasing aridity will facilitate transformation of
habitats, spread of invasive species, changes in land use, and will affect the level of under- or over-
utilization (Fekete and Varga 2006). The strength of these effects, however, may greatly depend on
the forecasted energy crisis (Czucz et al. 2010). Forecasts based on statistical distribution models
(SDM) are, however, not sufficiently reliable because of the many artifacts these models produce.

As we have shown, most of the forest-steppe vegetation in Hungary has been exterminated and
replaced by arable land, plantations and settlements. Although ca. two-thirds of the remnants are under
legal protection (Horvath et al. 2003, unpublished), the efficiency of protection measures is variable. In
the past decades, conservationists have abandoned the approach of focusing exclusively on reserves,
and conservation strategies have been developed for entire regions with varied landscapes (Natura
2000 network, EU agri-environmental schemes). We believe, however, that the official bodies of
conservation are not yet prepared for the expected changes in land use and climate. They have to face
two issues simultaneously: (1) how to maintain disappearing traditional land use, which fundamentally
contributes to the survival of the natural heritage (see Molnar et al. 2008a), and (2) how to maintain
the ability of natural habitats to regenerate and to adapt to the forecasted climate and land-use
change (Bartha 2007a; Seregélyes et al. 2008; Czicz et al. 2010).

Considering the past changes and current situation of natural habitats, we think that, of all forest-
steppe habitat units in Hungary, steppe woodlands on loess and sand will almost fully disappear in the
coming decades owing to the concerted effects of improper forest management and spread of invasive
species. We further expect significant degradation and reduction in area of tall herb saline meadow
steppes due to increased aridity and plowing, and of closed steppes on chernozem soil, steppe thickets
and closed steppes on sand due to spread of shrubs and other invasive species, as well as plowing.
Degradation of the vegetation on loess and clay cliffs and open sand steppe also is expected owing to
the spread of invasive species in both, and afforestation in the latter. The area of Puccinellia meadows,
vegetation of saline and mud-flats, saline meadows and steppe woodlands on saline soils will further
decrease due to increasing aridity and leaching. The extent of the secondary Achillea steppe will
probably increase (although it may be partly plowed up) as a consequence of leaching of the soil of
saline Artemisia steppes and drying of saline meadows. Saline Artemisia steppes seem to be relatively
stable, although soil leaching, and thus their slow transformation, are ongoing processes. As a long-term
outcome of lack of grazing, the extension of Juniperus-Populus scrub in sand dune areas may increase
(though this may be hindered by invasive species) despite the increasingly arid climate.

In sum, we predict further transformation, invasion of weeds, and fragmentation of the forest-steppe
habitats in Hungary — although at different speeds and to different degrees depending on habitat types —



and, as a consequence, the decline of their resilience and regeneration potential.
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