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Abstract: This paper presents the trends of landscape change in the marshes on the southern shore
of Lake Balaton, a wetland profoundly transformed by human activities. The study does not only
deal with alterations in the areal proportions of land use classes but also quantitatively analyses
landscape pattern, comparing landscape metrics on different dates. Based on the findings, proposals
for rehabilitation are made. Through the restoration of wetland habitats, the provision level of
ecosystem services can be raised. Landscape change was investigated from 1783 to 2020. For this
purpose, archive maps were digitized, CORINE land cover datasets corrected by Sentinel-2 imagery
were employed and from the vector data, the proportions of land use classes were calculated. For
landscape pattern perimeter, area, neighbourhood and diversity metrics were used, calculated by
ArcGIS vLATE plugin. It was pointed out that in land cover, the share of wetlands considerably
declined over the centuries but in recent decades somewhat expanded. In the 20th century, grasslands
were the predominant land use class, but with the spread of other categories, land use has become
more complex. Landscape metrics show an increased fragmentation of natural habitats, a higher
number of patches and edge density, leading to higher landscape diversity. Rehabilitation proposals
include the establishment of rainwater retention reservoirs, the conversion of arable land which
cannot be cultivated profitably to close-to-natural classes (first of all, grasslands) and the plantation
of gallery forests of native tree species along canals. In comparison with other regions, similar
temporal trends and spatial distributions are observed. For instance, the internationally well-known
transformation of the Doñana wetland started later but was more intensive than in Hungary.

Keywords: wetlands; land use classes; landscape indices; archive maps; Lake Balaton area

1. Introduction

Landscape evolution in Hungary took a turn in the second half of the 18th century:
as Ottoman Occupation ended, population growth accelerated, and sparsely populated
areas were settled again. To feed the increasing population, new land had to be converted
to agricultural use and cultural landscapes expanded [1]. In the history of land use and
pattern changes of the study area, three major periods can be identified: land drainage
in the second half of the 19th century and early 20th century; the era of socialist planned
economy (1950–1989); the period after the regime change of 1990. Evidently, socioeconomic
processes have played as important a part in landscape evolution as physical factors.
Landscape change is being studied in a freshwater marsh (in Hungarian: berek), which is a
special habitat under heavy human impact and highly sensitive to weather, particularly to
the annual distribution of precipitation [2].

To use natural resources in a sustainable way and to design strategies to that end, the
drivers of landscape-forming processes and the course of landscape evolution have to be
studied in detail. Landscape evolution does not only mean changes in the proportions
of land use classes (e.g., Zorrila-Miras et al.) [3] but also in landscape pattern presented
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through quantitative analyses [4]. Landscape metrics provide tools for such analyses [5,6]
and contribute to the identification and preservation of natural values in the landscape [7].
Pattern analyses are particularly useful in the case of cultural landscapes where imbalances
between structure and function can have serious consequences [5,8]. In the present paper, a
range of landscape indices are employed to allow the quantitative comparison of landscape
patterns of the study area in the different eras.

Today, the adaptation of landscapes to climate change and practices of habitat rehabil-
itation are often pointed out as primary tasks in landscape management. The Carpathian
Basin is increasingly affected by an aridification trend, involving the higher frequency of
drought periods, which is a major challenge for agriculture [9]. Deleterious effects can be
reduced through water retention and rational water management [10].

Our objective was to reveal the causes and consequences of changes in land use and
landscape pattern which happened from 1783 to the present. Using GIS as a tool on an
example from Hungary, we also intended to demonstrate the opportunities for applying
quantitative techniques in reconstructing landscape history. Based on the results, goals
of habitat rehabilitation are formulated and in this contribution to nature conservation
planning lies the practical importance of our research.

2. Materials and Methods
2.1. Study Area

Our study area is located along the southern shore of Lake Balaton, the largest lake in
Central Europe. It forms a strip narrowing from west to east with an area of 194.8 km2. The
marshes studied (Nagyberek, Ordacsehi-berek, Úszói-berek, Lellei-berek, Őszödi-berek,
Földvári-berek, Szántódi-berek, Tóközi-berek and Töreki-berek) belong to the “Nagyberek”
and “Somogy lakeshore plain” microregions [8,11] (Figure 1). The areas were selected from
the map of the Second Military Survey [12], which still shows them in close-to-natural
conditions and the geometrical accuracy allows comparisons with maps from later dates.
The borders of marshes were identified on the basis of the representation of topography by
striping and the location of the legend category ‘wet grassland’.

In the geology of the region, Middle to Late Miocene (‘Pannonian’) marine and
lacustrine sediments with thicknesses of several hundreds of metres are dominant. As
a consequence of tectonic processes leading to the formation of the Lake Balaton basin,
a depression took shape in the late Middle Pleistocene. However, at first no contiguous
water surface existed but ridges separated the partial lake basins which only merged
15–16 ka ago [13]. The lagoons were cut off from the main water body by sandy barrier bars
accumulated by the prevailing northern and northwestern winds. An anoxyc environment
of stagnant water was created where peat bog formation began [14].

The surface of the Balaton marshes is mostly flat. Marked landforms are the low
ridges of former barrier bars [11]. In the topography of the study area, ridges which border
the Nagyberek and the Ordacsehi-berek are still distinct.

In terms of climate, the western marshes are of the moderately warm and moderately
wet climate type and at the eastern end, they are of moderately warm and moderately dry
type. Annual mean temperature was 10.4 ◦C for the period 1961–1990. Long-term annual
average precipitation reduces from west (670 mm) to east 620 mm [11].

The Lake Balaton and Sió River catchment is the largest independent hydrological unit
in the western half of Hungary (Transdanubia) [15]. Drainage density is high, a number
of small watercourses cross the marsh zone. The former swamps and bogs were drained
and the water level of the lake was lowered but a considerable part of the marshes is still
under the mean lakewater level. Continuous pumping and the maintenance of canals
are indispensable to ensure agricultural cultivation. In the Nagyberek, a ca. 160 km-long
network of canals serves the drainage of excess water [16]. The checkerboard pattern of
canal network is clearly observable. The abundant standing waters are almost exclusively
artificial structures, reservoirs and anglers’ lakes. A larger water surface of natural origin is
only found in the Fehérvíz bog.
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The local biota has only been preserved in patches. Most of the marshes are under
cultivation but in the abandoned lands, moist grasslands and high forb vegetation are
widespread [17], with many invasive species. Land drainage made forestry possible
but it focused on species alien to the landscape (e.g., hybrid poplars). The most typical
plant associations of wetland habitats are reed-beds, tussocks, swamp saw-grass and
moist meadows. Fluctuations in groundwater level induced soil alkalization locally [11].
Native arboreous habitats include willow and alder bogs as well as oak-ash-elm groves,
although the latter have been reduced to minimum extension. The marshes are valuable
habitats for amphibians, reptiles and fishes, including the Common Toad (Bufo bufo),
the European Pond Turtle (Emys orbicularis), the Corn Crake (Crex crex) [17], and in the
Pogányvölgy meadows, an ice-age relict subspecies, the Central European Tundra Vole
(Microtus oeconomus mehelyi) [18]. Remnants of the native fish fauna are represented by
the European Bitterling (Rhodeus amarus), the Weatherfish (Misgurnus fossilis) and the
European Mudminnow (Umbra krameri) [19]. The Balkanic subspecies of a venomous snake,
specially protected in Hungary, the Bosnian Adder (Vipera berus bosniensis) is also found in
the marshes [20]. The rich avifauna includes the White-tailed Eagle (Haliaeetus albicilla),
the pretected bird with the highest nature conservation value [21], the Ferruginous Duck
(Aythya nyroca) and the Black Stork (Ciconia nigra) is [22]. After land drainage, the plantation
of small forest patches and the expansion of agricultural fields led to the appearance of the
hunted game of the neighbouring hills, like the Red Deer (Cervus elaphus) and the Roe Deer
(Capreolus capreolus) [23].

Figure 1. Location of study area.

2.2. Methods to Study Land Use/Land Cover Change

Changes in land use were analyzed on maps prepared on seven dates. Past condi-
tions were reconstructed from the maps of the First Military Survey (1783–1784, scale:
1:28,800) [24], Second Military Survey (1852–1857, 1:28,800) [12], Third Military Survey
(1880–1882, 1:25,000) [25], the Military Survey of 1941 (1:25,000) [26], that of 1950–1952
(1:25,000) [27] and the topographic map from 1980 to 1989 (1:10,000) [28]. Present land use
derives from the CORINE vector data base (2018) [29]. The original legend of CORINE was
used in a modified form in order to adjust to the classes identified during research design
(Table 1; columns 1 and 2).

For the processing of raster data, georeferencing was needed in some cases (e.g., for
the maps of the 1941 [26] and 1950–1952 military surveys [27]). This operation was carried
out by QGIS v3.4 software, the GDAL georeferencing module. Helmert transformation and
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linear resampling were employed. As a target projection the Uniform National Projection
System (EPSG: 23,700) was set. Raster maps were digitized in ArcGIS environment using
visual interpretation and ArcMap v10.8 and ArcGIS Pro 2.5 softwares. Altogether, nine
land cover classes were identified for the study: wetland; grassland; arable land; water
surface; vineyard, garden, orchard; built-up area; forest; mine; scrub. Map generalization
was required to solve problems arising from the use of maps with different scales. The
lowest-scale maps (poorest in information, 1:28,800) were those of the First and Second
Military Surveys, to which the vectorized patches from more detailed maps were adjusted.
For generalization, the guidelines of the European Environment Agency (EEA) prepared for
the vecorization and generalization of CORINE Land Cover (CLC) classes [30] were used.
When necessary, the following operations were made on large-scale maps: aggregation,
amalgamation, classification, merging, selection, simplification [31,32]. Our experience was
that on maps with a 1:28,800 scale, the size of the smallest vectorizable patches is c. 0.25
hectare. Therefore, the threshold suggested in the EEA guidelines was modified accordingly
(spatial requirements: CLC/100, distance requirements: CLC/10). On 1:25,000-scale maps,
minimal alterations were necessary. The smaller patches on large-scale (1:10,000) maps
were merged to ensure similar richness of detail (Table 1; column 3).

Table 1. Correlation of the CORINE nomenclature [33] with our land use types and the generalization methods employed.

CORINE Nomenclature Our Land
Use Types

Map Generalization Method to Ensure Similar Richness
of Detail

4.1.1. Inland marshes Wetland
amalgamation, merging, selection

Sample and description: [30] pp. 105–107. Modification of
CLC nomenclature guidelines: minimum area is 0.25 hectare

2.3.1. Pastures
2.4.3. Land principally occupied by agriculture,

with
significant areas of natural vegetation

3.2.1. Natural grasslands

Grassland

amalgamation, merging, selection
Sample and description: [30] pp. 52–64, and 75–81.

Modification of CLC nomenclature guidelines: minimum
area is 0.25 hectare

2.1.1. Non-irrigated arable land Arable land
amalgamation, merging

Sample and description: [30] pp. 39–42. Modification of
CLC nomenclature guidelines: minimum area is 0.25 hectare

5.1.2. Water bodies Water surface
amalgamation, merging, selection

Sample and description: [30] pp. 116–119. Modification of
CLC nomenclature guidelines: minimum area is 0.25 hectare

2.2.1. Vineyards
2.2.2. Fruit trees and berry plantations

2.4.2. Complex cultivation patterns

Vineyard,
garden,
orchard

amalgamation, classification, merging, selection,
simplification

Sample and description: [30] pp. 45–50. and 59–61.
Modification of CLC nomenclature guidelines: minimum

area is 0.25 hectare; distance for merging: 30 m.

1.1.2. Discontinuous urban fabric
1.2.1. Industrial or commercial units

1.2.2. Road and rail networks and associated land
1.4.2. Sport and leisure facilities

Built-up area

aggregation, amalgamation, merging, selection
Sample and description: [30] pp. 10–23. and 35–37.

Modification of CLC nomenclature guidelines: minimum
area is 0.25 hectare

3.1.1. Broad-leaved forest
3.1.3. Mixed forest Forest

aggregation, amalgamation, classification, merging,
selection, simplification

Sample and description: [30] pp. 69–75. Modification of
CLC nomenclature guidelines: minimum area is 0.25

hectare; distance for merging: 30 m

3.2.4. Transitional woodland-shrub Scrub

aggregation, amalgamation, classification, merging,
selection, simplification

Sample and description: [30] pp. 87–92. Modification of
CLC nomenclature guidelines: minimum area is

0.25 hectare; distance for merging: 30 m
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The resolution of CORINE (smallest area represented: 25 ha) was not appropriate
for the analysis of landscape units of small size. To remedy this deficiency, the original
dataset was modified with satellite image (Sentinel–2 imageries for 9 September 2020,
resolution: 10 m) [34,35]. Our primary goal was to represent on the map minor patches
of wood, tree stripes, which are common landscape elements in the study area. Satellite
images are widely applied tools for automatic forest classification [36]. For the classification
bands 3 (green), 4 (red), 8 (near infrared) were used in 843 RGB band combination. Thus,
vegetation appeared in red hues which allowed the sepration of patches. Learning areas
were identifed to separate forests from other land cover classes. Classification was based
on the maximum likelihood tool.

The confusion matrix (Table 2) created from the pixel statistics of the training areas
shows that the accuracy of classification for forests was 94.1%, while 5.7% of the forests
were classified as arable land and grassland. This inaccuracy, however, is not considerable.
With the exception of built-up areas (not relevant for our research) all classes could be
identified with a high accuracy.

Table 2. The confusion matrix of the classification of satellite images.

Forest Arable Land
and Grassland Water Surface Built-up Area

Forest 94.1% 0.0% 0% 0%
Arable land and grassland 5.7% 99.8% 0% 50.3%

Water surface 0.0% 0.0% 99.8% 0%
Built-up area 0.2% 0.2% 0.1% 49.7%

Total 100% 100% 100% 100%
Bold numbers: Accuracy of the classified land use categories.

The achieved raster dataset shows minor wooded patches too, but the picture is so rich
in detail that generalization through an ArcMap Majority filter was needed. Boundaries
between units were smoothed by the Boundary clean tool. The generalized dataset was then
converted into a vector map and further refined through identifying patches smaller than
1000 m2. For the forest patches smaller than 0.25 hectare, the above described approaches
of generalization were employed. The thus received polygons were intersected with a
CLC 2018 map using the Intersect function to create a new field and to fill it with data
using the Field calculator. If a patch did not appear as forest on the CORINE map but was
identified as one in our dataset, the latter was accepted as reality. In all other classes, the
original identification was retained. The resulting vector dataset seemed to be suitable
for geometrical calculations (landscape metrics). The attribute table of the coverage was
exported into xls fomat and using the Microsoft Excel table management program, the
percentages of classes were computed for the study area and represented in diagrams.

2.3. Methods to Study Landscape Pattern Change

The analyses of functional landscape pattern are based on the patch-corridor-matrix
model [37]. Areal units distinct from their environs by biophysical properties (geology,
topography, hydrography, microclimate, soil and vegetation) are identified as patches. The
dominant patch with the largest extension into which smaller patches are embedded is
called the matrix [38]. Corridors are linear objects which ensure connectivity between
patches. Their land use is variable, usually forest strips, wetlands or grassed strips [39].
Since all the three landscape components appear in vector databases as polygons (i.e.,
patches), they cannot be separated automatically by GIS tools. The geometrical properties
(area, perimeter, shape etc.) and relative positions (proximity, connectivity etc.) of patches
have to be computed to identify their character [40,41].

For landscape metrics, the ArcGIS vLATE module [42], a freely accessible tool of
vector-based processing, is used. The details of the methodology applied is described and
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the table of indices is shown in [43], relying on [44–49]. Areal, perimeter, neighbourhood
and diversity indices were involved into the analyses.

The following landscape-level indices were used:

• TE (Total Edge): the total length of edges in a given patch type or landscape; suitable
for landscape history analyses: for patches of similar sizes heterogeneity increases
with growing TE.

• ED (Edge Density): length of edges per unit area; allows the comparison of landscapes
of different sizes or the degree of fragmentation of patches.

• NP (Number of Patches): total number of patches of the same type or within a landscape;
a component of more complex indicators for landscapes of similar sizes or for historical
evolution but no information of area, density or distribution.

• SHDI (Shannon’s Diversity Index): richness of patches; high SHDI means the propor-
tional distribution of patches, if there is only one patch, SHDI is 0.

• SHEI (Shannon’s Evenness Index): shows the uniformity of patch type distribution; if
one patch dominates, SHEI is close to 0, if there is only one patch, SHDI is 0.

• D (Dominance): one or more patch type dominates in an area; complements SHEI as
values close to 0 mean maximum evenness.

Patch-class-level indices:

• TE (Total Edge) and NP (Number of Patches): see above.
• MPE (Mean Patch Edge): medium size of a given patch class (what is the average edge

length of patches); more complex than TE as considers NP too.
• CA (Class Area): total area of the patch class; informs about landscape pattern, how

prominent a patch type is in the landscape.
• MPS (Mean Patch Size): average size for patches in one class; indicates landscape

heterogeneity and allows comparisons among landscapes.
• PSSD (Patch Size Standard Deviation): changes with MPS and patch size; indicates the

variability of patch size.
• DIVISION: based on cumulative distribution, shows the probability that two randomly

selected points lie within different patches; it is 0 if there is only one patch; correlates
negatively with MESH.

• SPLIT (Splitting Index): also based on cumulative distribution, correlated with DIVI-
SION; if there is only one patch, it is 1; the more the patches, the higher the value;

• MESH (Effective Mesh Size): based on cumulative distribution, the higher its value, the
more probable it is that two randomly selected points are within one patch; depends
on the distribution of patch sizes and the proportion of the patch class within the
landscape unit.

The different scales of the maps used and the intersection of the CORINE map with a
raster coverage distorts the results to some extent. The grid of previous pixels is striking
locally and, therefore, indices like the length of edges are not accurate. Such errors were
corrected by generalization and inaccuracy was reduced to the minimum.

3. Results and Discussion
3.1. Land Use at the Time of the First Military Survey (1783–1784)

On the land use map of the First Military Survey [24] (Figure 2) wetlands (72.9%)
clearly dominate. Open water surfaces covered 2.5% of the area. After the Battle of Mohács
(1526) lost against the Ottomans, local population blocked the Sió Valley for strategic
reasons, resulting in a considerable rise in the water level of Lake Balaton and inundating
the marshes nearby [15]. Built-up areas were insignificant (0.003%) as population density
was low. Farming only affected the higher-lying margins of marshes. Arable land only
occupied 0.3% of the surface, while grasslands amounted to one-fifth (20.3%) of the area.
Forested areas were present at 3.3%. The hydromorphic soils of lower areas were not
suitable for vineyards, gardens or orchards; therefore, this class (0.6%) was restricted to the
higher-lying grounds.
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Figure 2. Land use map at the time of the First Military Survey (1783–1784).

3.2. Landscape Pattern at the Time of the First Military Survey (1783–1784)

The predominance of wetlands in the 18th century defines this category as matrix. The
value of total edge length (TE) is 831,730 m and edge density (ED) was only 42.7 m ha−1,
which indicates a minimally fragmented landscape. Medium patch size was 5264 m2 and
the total number of patches (NP) was 158. Shannon’s Diversity Index (SHDI) amounted
to 0.806, while Shannon’s Evenness Index (SHEI) was 0.414. A low differentiation of the
landscape pattern is observable. Dominance (D) had a value of 1.140, which means that a
single patch type (wetlands) dominated landscape character.

In the interpretation of metric indices of patch classification, built-up areas were
disregarded. (Only a single patch represented that class on the map.) The largest total
edge length was represented by grasslands, while wetlands had a medium edge length
(Table 3). This means that the latter had units low in number but, on average, higher in
perimeter. Wetlands showed extremely high medium patch size (MPS) and patch size
standard deviation (PSSD) values. Thus, wetland patches were usually quite large but,
along with the large units, smaller ones also occurred. As far as neighbour indices are
concerned, values of DIVISION and SPLIT indicate that grassland areas were the most
dissected. Results of the MESH index again confirm the large size of wetlands. In this
period, physico-geographical conditions, favourable over most of the study area, fully
controlled the distribution of wetlands.
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Table 3. Landscape metrics at the time of the First Military Survey (1783–1784).

Class TE
(m)

MPE
(m)

NP
(pc)

CA
(ha)

MPS
(ha)

PSSD
(ha)

DIVISION
(%)

SPLIT
(-)

MESH
(ha)

Wetland 323,446.77 23,103.34 14 14,196.59 1014.04 2817.37 37.72 1.61 8841.68

Grassland 343,631.31 4772.66 72 3985.31 55.35 132.35 90.67 10.72 371.80

Arable land 8896.67 1112.08 8 52.97 6.62 10.09 58.47 2.41 22.00

Water surface 71,194.18 2157.40 33 485.93 14.73 24.40 88.65 8.81 55.16

Vineyard,
garden, orchard 6826.77 2275.59 3 111.43 37.14 48.77 9.21 1.1 101.17

Bulit-up area 454.47 * 454.47 * 1 * 0.71 * 0.71 * 0.00 * 0 * 1 * 0.71 *

Forest 77279.59 2862.21 27 646.21 23.93 59.18 73.65 3.79 170.29

Bold: highest values; italic: lowest values; * disregarded values.

3.3. Land Use at the Time of the Second Military Survey (1852–1857)

Land use in the marshes had changed fundamentally by the time of the Second Survey
(Figure 3). Most conspicuous on the map is the shrinkage of wetlands (to 51.2%). There
are several explanations for this. In 1821, the watermill of Siófok burnt down and was not
rebuilt. It ceased to impound water and led to a lower lakewater level [15]. At that time, an
extensive network of canals conducted water from the marshland to Lake Balaton. In the
1850s, a drier spell started and also for railway construction lake level was lowered to reach
its plummet in 1862 [50]. In 1863, the Sió sluice was inaugurated to allow water release
from the lake [15]. The proportion of open water surfaces in the marsh was reduced to
1.9%. Grasslands expanded to 44.2% at the expense of wetlands, while arable land slightly
grew to 1.9%. Vineyards, gardens and orchards stagnated (0.5%). Built-up areas did not
surpass 0.02% and forests 0.6%. Woodlands used to be protected from commercial forestry
by their inaccessibility due to the encircling wetlands. However, 19th-century drainage
works exposed the latter as dry lands where, although with some delay compared to the
neighbouring hills, intensive deforestation could begin.

Figure 3. Land use map at the time of the Second Military Survey (1852–1857).
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3.4. Landscape Pattern at the Time of the Second Military Survey (1852–1857)

At the time of the Second Survey, human impact on the landscape pattern became
clearly visible. The TE index increased to 986,732 m, ED to 50.66 m ha−1, NP to 187, while
the average edge length remained stagnant (5276.64 m). Both SHDI (0.903) and SHEI (0.464)
showed increases. Dominance dropped to 1.042. From all these, it can be concluded that
landscape pattern diversified without a decisive class in land use.

In class-level analyses the low number and proportion of patches prevented us from
considering built-up areas. Perimeter indices showed that in addition to the total length
of edges, for medium length of edges, grasslands were in a leading position (Table 4). If
both values are high, there are larger contiguous, less fragmented patches in this class. For
areal indices, wetlands still showed the highest values but a decrease from the previous
date was observed. On the other hand, grasslands had expanded and the structure of both
classes had gotten closer to each other. The values of the neighbourhood indices DIVISON
and SPLIT are closely correlated. Wetlands were the most uniform category and based on
the efficient mesh size (MESH), they were organized into the largest contiguous areas.

Table 4. Landscape metrics at the time of the Second Military Survey (1852–1857).

Class TE
(m)

MPE
(m)

NP
(pc)

CA
(ha)

MPS
(ha)

PSSD
(ha)

DIVISION
(%)

SPLIT
(-)

MESH
(ha)

Wetland 385,407.39 10,416.42 37 9972.08 269.52 1197.51 43.94 1.78 5590.27

Grassland 454,046.88 11,351.17 40 8610.69 215.27 469.37 85.61 6.95 1238.67

Arable land 39,354.75 1639.78 24 312.10 13.00 21.24 84.72 6.55 47.68

Water surface 81,802.50 1076.35 76 367.47 4.84 8.29 94.82 19.31 19.03

Vineyard,
garden, orchard 12,050.32 2410.06 5 101.72 20.34 21.77 57.10 2.33 43.64

Bulit-up area 1518.40 * 759.20 * 2 * 4.54 * 2.27 * 1.76 * 19.93 * 1.25 * 3.64 *

Forest 12,551.75 4183.92 3 110.51 36.84 21.55 55.26 2.23 49.45

Bold: highest values; italic: lowest values; * disregarded values.

3.5. Land Use at the Time of the Third Military Survey (1880–1882)

By the time of the Third Survey [25] the direction of changes had turned to its opposite
(Figure 4). The area of wetlands was almost the same as in the 19th century (66.9%). In
parallel, the proportion of open water surfaces increased to 2.7% in the 1871–1883 wet
period [15]. Grassland areas shrank considerably (22.4%), while arable land expanded
to occupy 6.6% of total area. No change occurred in the vineyard, garden, orchard class
(0.4%). Built-up areas had slightly grown (0.2%). Forest area had expanded to 0.8% of the
total area.
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Figure 4. Land use map at the time of the Third Military Survey (1880–1882).

3.6. Landscape Pattern at the Time of the Third Military Survey (1880–1882)

Moreover, in landscape, pattern changes had been profound by the 1870s (Table 5). NP
grew to 306 units and, consequently, TE increased to 1,261,357 m and ED to 64.75 m ha−1,
while MPE was reduced (4123 m), probably due to the presence of more small patches with
more complicated planform shapes. Slight rises can be observed for SHDI (0.954) and SHEI
(0.490) and dominance (0.992) kept on decreasing.

Table 5. Landscape metrics at the time of the Third Military Survey (1880–1882).

Class TE
(m)

MPE
(m)

NP
(pc)

CA
(ha)

MPS
(ha)

PSSD
(ha)

DIVISION
(%)

SPLIT
(-)

MESH
(ha)

Wetland 465,272.38 10,574.37 44 13,022.82 295.97 1440.86 43.86 1.78 7310.41

Grassland 392,611.98 5948.67 66 4368.32 66.19 101.29 94.94 19.75 221.21

Arable land 235,535.94 2403.43 98 1285.91 13.12 16.64 97.34 37.59 34.21

Water surface 130,787.29 1816.49 72 533.35 7.41 24.52 83.4 6.02 88.54

Vineyard,
garden, orchard 11,680.28 1668.61 7 78.72 11.25 18.14 48.54 1.94 40.51

Bulit-up area 8113.88 1014.24 8 31.11 3.89 6.76 49.73 1.99 15.64

Forest 17,355.24 1577.75 11 159.65 14.51 25.59 62.66 2.68 59.62

Bold: highest values; italic: lowest values.

Both total and medium edge length were found to be highest for wetlands. Medium
edge length showed a moderate and TE a remarkable increase, i.e., patches became less
compact as on the maps of the First Military Survey [24]. Although there is high similarity
for the proportions of land use, landscape pattern were altered to a large extent over a
century. Areal indices point to the preserved leading role of wetlands in MPS and PSSD.
The growth of proportion of classes was bound to the increase of average patch size and its
standard deviation. For grasslands, however, there was a drop in both metrics. Studying
fragmentation, wetlands seemed to be the most uniform. The MESH index proves that



Sustainability 2021, 13, 12664 11 of 22

they were arranged in the largest contiguous units, confirmed by DIVISION and SPLIT
index values.

3.7. Land Use in 1941

The changes on the map of the 1941 military survey [26] are striking. Instead of
wetlands, grasslands were predominant in the landscape and occupied one half of the
study area (Figure 5). The share of arable land had reached 19.1% by 1941. A new water
management concept was introduced: water bodies within the marshes were separated
from those outside the marshes. The watercourses draining the Somogy Hills were collected
by the newly built 17-km-long Western Canal in the Nagyberek [15]. Water surfaces
showed no change in area (2.4%). Vineyards were planted in the zone between Fonyód
and Balatonkeresztúr and their proportion (together with gardens and orchards) expanded
to reach 3.4%. Vineyards on the northern shore had been destroyed by the phylloxery (root
louse) epidemic but plantations on the sandy soils of the southern shore survived. Previous
farmlands close to the lakeshore were developed and built-up areas amounted to 3.7% of
total area. As water levels were dropping, peat extraction became possible for local use
as fuel [16]. Peat pits covered 0.3% of the area in 1941. A negative development was the
almost complete disappearance of forests (0.04%).

Figure 5. Land use map in 1941.

3.8. Landscape Pattern in 1941

The number of patches (229) and edge density (56.6 m ha−1) showed a slight decline
compared to the previous date (Table 6). This can be explained by the expansion of
grasslands and the formation of compact patches of arable fields with low specific edge
length in the centre of the Nagyberek. Total edge length had been reduced to 1,103,061 m,
while medium edge length had grown to 4,816.86 m. Among diversity indices, SHDI (1.338)
and SHEI (0.643) continued the former increasing trend. Dominance (0.742) was reduced
in comparison with the 19th century conditions.
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Table 6. Landscape metrics in 1941.

Class TE
(m)

MPE
(m)

NP
(pc)

CA
(ha)

MPS
(ha)

PSSD
(ha)

DIVISION
(%)

SPLIT
(-)

MESH
(ha)

Wetland 191,552.80 4353.47 44 4042.16 91.87 236.54 82.66 5.77 700.89

Grassland 413,967.40 14,274.74 29 9775.80 337.10 785.50 77.83 4.51 2167.48

Arable land 337,861.30 3796.19 89 3730.24 41.91 79.48 94.84 19.36 192.64

Water surface 33,110.71 2365.05 14 471.52 33.68 64.14 66.95 3.03 155.84

Vineyard,
garden, orchard 50,524.74 3886.52 13 671.46 51.65 111.19 56.66 2.31 291.02

Bulit-up area 62,093.45 2822.43 22 722.81 32.86 52.41 83.89 6.21 116.47

Forest 2223.07 * 1111.54 * 2 * 7.63 * 3.82 * 0.83 * 47.63 * 1.91 * 4.00 *

Mine 11,727.35 732.96 16 57.54 3.60 4.31 84.77 6.57 8.76

Bold: highest values; italic: lowest values; * disregarded values.

Similarly to the Second Military Survey [12], perimeter indices were highest for
grasslands. Along with a minor reduction of total edge length, medium edge length
showed a considerable rise, patches were rearranged into larger units than before. The
reason behind this is the conversion of reed-beds in the drained areas into grazing lands
and meadows. This transformation had a great impact on landscape pattern. Class-level
perimeter indices are controlled by grasslands with the same trend of change. Areal indices
clearly confirm that landscape structure was dominated by grasslands, with outstanding
values of CA, MPS and PSSD.

The analysis of the neighbourhood indices of DIVISION and SPLIT the class vine-
yards, gardens and orchards was the most uniform. In MESH, however, the areas of the
individual classes are more influential and show that grasslands were merged into the
largest contiguous units.

3.9. Land Use at the Time of the 1950–1952 Military Survey

In the early 1950s, the expansion of arable land continued and amounted to one-fourth
of the marshes (25.6%), mostly in the central and western parts of the Nagyberek (Figure 6).
The share of wetlands had slightly increased or remained unchanged. The extension of
open water surfaces dropped to 1.5%. In 1949, the Balaton-Nagyberek State Farm was
organized to develop arable farming. Drainage works continued and soil erosion problems
arose since the desiccated muck is powdery and exposed to deflation by the northern winds
which blow from the direction of Lake Balaton. To mitigate this situation the soils were
rolled but this proved to be an only temporary solution. Finally, through planting forest
strips, the problem could be eliminated [51]. Vineyards, gardens and orchards, replaced by
housing developments, decreased to 2.3% and built-up areas occupied 4.7%. With more
intensive peat extraction, mining areas (1%) showed an increase from the previous date.
The reappearance of forests in the area was environmentally favourable. Their proportion
grew to 2.7% over a single decade. The land use map represents numerous plots recently
afforested probably with poplar varieties.
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Figure 6. Land use map at the time of the 1950–1952 military survey.

3.10. Landscape Pattern at the Time of the 1950–1952 Military Survey

By the early 1950s, the number of patches reached 503 and edge density 78.88 m ha−1

(Table 7). Both total and medium edge length values became higher, 1,536,546.7 m and
3054.76 m, respectively. The landscape turned more fragmented and more diverse (SHDI:
1.475, SHEI: 0.709 and dominance: 0.604.

Table 7. Landscape metrics at the time of the 1950–1952 military survey.

Class TE
(m)

MPE
(m)

NP
(pc)

CA
(ha)

MPS
(ha)

PSSD
(ha)

DIVISION
(%)

SPLIT
(-)

MESH
(ha)

Wetland 329,670.60 1985.97 166 4140.06 24.94 123.51 84.62 6.50 636.62

Grassland 613,076.74 10,391.13 59 8006.30 135.70 563.47 69.08 3.23 2475.42

Arable land 294,053.07 3341.51 88 4985.90 56.66 296.70 67.70 3.10 1610.37

Water surface 37,063.38 1323.69 28 296.69 10.60 15.73 88.56 8.74 33.95

Vineyard,
garden, orchard 62,964.57 2623.52 24 448.59 18.69 26.23 87.63 8.08 55.51

Bulit-up area 98,933.38 2198.52 45 914.73 20.33 45.36 86.71 7.53 121.53

Forest 81,770.83 1075.93 76 517.85 6.81 12.98 93.91 16.43 31.53

Mine 19,014.12 1118.48 17 169.06 9.94 18.39 74.00 3.85 43.96

Bold: highest values; italic: lowest values.

Among perimeter indices, grasslands stood out with their total and medium edge
length values. In the mid-20th century, this land use class remained prevalent but it lost in
significance as a result of the expansion of arable land. The number of patches indicates
that it was wetlands which became the most fragmented. Their area was about the same as
at the previous date but they were divided into 122 more patches. The values of DIVISION
and SPLIT were closely correlated. The most fragmented patches in this period were forests,
while, as opposed to the previous date, arable fields and grasslands were the most uniform
classes. As before, MESH was inversely proportional to the mentioned indices, grasslands
having the highest and forests the lowest effective mesh size.



Sustainability 2021, 13, 12664 14 of 22

3.11. Land Use in the 1980s

In the land use of the 1980s, favourable and unfavourable tendencies can be equally
discerned (Figure 7). A minor retreat of arable land (22.8%), and some expansion of
grasslands (45.2%), open water surfaces (5.9%) and forests (9.2%) were observed. The
proportion of wetlands fell below 10%, which adversely affected natural habitats. Further
growth of built-up areas (5.9%) was characteristic due to touristic development and to the
establishment animal ranches. In the state farm, arable farming had been gradually pushed
to the back and was replaced by animal husbandry. The expansion of wooded areas was
due to the planting of poplar varieties and forest strips. These processes led to a mosaical
pattern which favoured the spreading of small and big game and created ideal conditions
for game management [23]. The importance of fishery also increased and each marshland
section had a fish pond. Vineyards, gardens and orchards declined to only 0.3% in the
course of housing developments. Peat pits virtually disappeared (0.1%).

Figure 7. Land use map in the 1980s.

3.12. Landscape Pattern in the 1980s

No new trend was observed in landscape-level indices in the 1980s. The number of
patches and edge density increased further, total and medium edge length maintained their
inverse relationship, the former grew and the latter diminished (Table 8). Slight increases
in Shannon diversity and evenness continued with dropping dominance.

In areal indices, grasslands had preserved their leading role. It is important to point
out the inverse relationship between the dynamics of total and medium edge length.
With the increasing share of grasslands, TE had also grown but MPE had been reduced.
This means that another class (in this case, forests) fragmented the previously contiguous
areas. In areal indices, patch number, total area of patches, average patch size and its
standard deviation, the decisive role of grasslands was unambiguous. There were 318
forest patches which included agricultural shelter belts and sporadic wooded spots too.
Their extension roughly equalled with that of built-up areas but their distribution was
much more sporadic. In the 1980s, the DIVISION and SPLIT indices showed that built-up
areas were the most uniform patches. For MESH, grasslands remained the leading class;
they were arranged into the largest contiguous units but, in comparison with previous
dates, with a considerably smaller mesh size.
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Table 8. Landscape metrics in the 1980s.

Class TE
(m)

MPE
(m)

NP
(pc)

CA
(ha)

MPS
(ha)

PSSD
(ha)

DIVISION
(%)

SPLIT
(-)

MESH
(ha)

Wetland 193,122.81 1874.98 103 1479.17 14.36 31.73 94.29 17.51 84.45

Grassland 806,394.27 3199.98 252 8798.29 34.91 214.66 84.60 6.49 1354.72

Arable land 491,248.25 2506.37 196 4450.00 22.70 45.10 97.48 39.63 112.28

Water surface 86,233.15 1064.61 81 1146.34 14.15 55.53 79.76 4.94 232.04

Vineyard,
garden, orchard 44,594.98 327.90 136 63.66 0.47 0.61 98.01 50.15 1.27

Bulit-up area 188,153.52 1679.94 112 1731.97 15.46 78.38 76.17 4.20 412.77

Forest 419,514.60 1319.23 318 1794.18 5.64 24.08 93.96 16.55 108.41

Mine 2327.46 * 2327.46 * 1 * 14.48 * 14.48 * 0 * 0 * 1 * 14.48 *

Bold: highest values; italic: lowest values; * disregarded values.

3.13. Land Use Today (2018–2020)

The present land use is extremely heterogeneous but, all in all, the observed processes
are favourable for the biota. The proportion of arable land has been reduced to 16.5% and
wetlands show a major expansion (17.8%) (Figure 8). Open water surfaces have reached a
share of 6.6%. Forested area occupies 15.8%, which is a highly positive development. For its
evaluation, however, it has to be considered that to a large part forests include introduced
or spontaneously spread invasive species. Bushes and scrubs make up 1.7%, habitats
typically resulting from the mixing of alien and domestic species. The general trend of land
use change is towards extensification. The numbers of grazed animals have substantially
dropped and natural vegetation could not regenerate. Arable fields and grazed lands were
partly abandoned and pioneer and invasive plants took ground. Artificial patches, mostly
due to housing development, have extended to 11% of the marshes by now. Development
focuses on the lakeshore and in the zone of national motorway M7.

Figure 8. Land use map today (2018–2020).

3.14. Landscape Pattern Today (2018–2020)

By today, landscape-level indices have reached extreme values: the metrics with
a decreasing trend over the previous centuries show extreme lows, while those with
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an increasing trend present maxima. The number of patches is 2083, edge density is
141.21 m ha−1, TE is 2,748,754 m, MPE is 1320 m, SHDI is 1.8 and SHEI 0.866 (Table 9).
Dominance diminished to 0.279.

Table 9. Landscape metrics today (2018–2020).

Class TE
(m)

MPE
(m)

NP
(pc)

CA
(ha)

MPS
(ha)

PSSD
(ha)

DIVISION
(%)

SPLIT
(-)

MESH
(ha)

Wetland 399,930.11 3149.06 127 3465.62 27.29 108.32 86.81 7.58 457.28

Grassland 589,972.78 3277.63 180 5721.48 31.79 139.02 88.82 8.94 639.85

Arable land 352,807.90 2416.49 146 3216.84 22.03 110.28 82.16 5.60 573.96

Water surface 69,585.09 2577.23 27 1277.64 47.32 90.64 82.71 5.78 220.94

Vineyard,
garden, orchard 62,235.38 1296.57 48 231.14 4.82 8.81 90.94 11.03 20.95

Bulit-up area 180,956.65 3290.12 55 2144.20 38.99 125.72 79.27 4.82 444.41

Forest 961,701.45 695.37 1383 3076.96 2.22 15.49 96.42 27.96 110.06

Scrub 131,564.94 1124.49 117 331.15 2.83 9.49 89.54 9.56 34.63

Bold: highest values; italic: lowest values.

The indices for forests are particularly extreme and have the largest total edge length
and the lowest medium edge length values. This situation results from the spontaneously
developed sporadic wooded patches of irregular shape and from the introduction of agri-
cultural shelter belts, which have long edges related to their size. This pattern, however, is
partly due to the deficiency of our methodology which intersects classified high-resolution
satellite data with the CORINE land cover map much poorer in detail. Among areal indices,
grasslands still show high values, their extension is the largest and the standard deviation
of patch size is 139.02 ha. On the other hand, MPS for open water surfaces is higher,
which means larger units on the average with number of patches (127) lowest among all
classes. Forest patches appear in the largest number (1383). DIVISION and SPLIT values
indicate that forests are the most fragmented and built-up areas are the most uniform,
which is due to their concentration on the lakeshore zone and along the motorway in
homogeneous blocks. The highest MESH value is found for grasslands; they are dominant
in the landscape and form the matrix.

3.15. Changes in Land Use Classes

The environment of the South-Balaton marshes has been fundamentally transformed
over the past centuries, primarily through the shrinkage of wetlands, which was, however,
not a continuous process (Figure 9). The map of the Third Military Survey shows that
wetlands grew as a result of a more humid spell and in the last three decades, land use
extensification generated their areal expansion again. In the first decades of the 20th
century, they became classes of secondary importance compared to grasslands, which took
over the leading role in land use in the 1940s.
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Figure 9. Changes in land use classes.

3.16. Opportunities for Landscape Rehabilitation

Based on the quantitatively described and evaluated land use and landscape pattern as
well as the ecological system of the study area proposals were formulated for the rehabilita-
tion of the landscape (Figure 10). Naturally, the complete restoration of natural conditions is
not possible but, adjusted to nature conservation efforts (such as the Natura 2000 network,
Ramsar Convention), a close-to-nature vegetation can be a target of rehabilitation.

In transformed landscapes, traces of the original vegetation are often preserved on
field margins or in small wooded patches [52]. In the case of the South-Balaton marshes it is
typical along canals, in shelterbelts and in abandoned quarries–areas without disturbance
for decades. Good examples for the preservation of native vegetation are the presence
of the Marsh Helleborine (Epipactis palustris), the Sea Rush (Juncus maritimus), the Loose-
flowered Orchid (Orchis laxiflora ssp. palustris), a Black Bog-Rush (Schoenus nigricans), the
One-glumed Spikesedge (Eleocharis uniglumis) and the White Waterlily (Nymphaea alba),
which are abundant in the area [53]. In the restoration it is crucial to focus on areas which
are the last refuges of the above listed species. To this end, we propose that buffer zones,
gallery forests, should be created along canals to ensure undisturbed habitats.

The main goal is to raise the level of ecosystem services. Provisioning ecosystem
services in wetlands include the supply of water, food, timber, medicinal plants and genetic
resources for plant breeding. Regulating services affect air, water and climate and cover
erosion control, the prevention of natural disasters and diseases, water purification and
pollination. Cultural services are related to landscape aesthetics, spiritual and religious
values, resources for recreation and tourism, traditional farming (pastoral crafts, fishery,
gathering wetland products etc.) as well as the inspiration for arts and architecture pro-
vided by the landscape. Supporting services refer to soil formation, photosynthesis, water
and nutrient circulation and biodiversity. It is widely believed and even proven that to
substitute all those services which are ensured by nature free of charge and on the long
term by technological solutions would be extremely expensive. Quantifying the services, it
is evident that the investment into ecosystem services bring return which is much higher
than the necessary investment [54].

In our opinion, there is no need to change the already established regional ground-
water table but to preserve wetlands water retention is required in selected areas through
blocking some canals and providing them with locks. This way runoff can be slowed
down and part of the sudden rainwater surge can be stored temporarily. To this end,
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further reservoirs are also proposed on the lower sections of the canals conducting water
to Lake Balaton. Buffering and filtering functions are to be equally utilized. Sediment load
and fertilizer and pesticide residues washed down from agricultural fields could settle in
reservoirs of some hectare area, reducing pressure on the lake and improving water quality.
Such a reservoir could be constructed for each marsh. In the densely built-up shore zone
water fowl are exposed to heavy disturbance but water surfaces would ensure feeding
ground and shelter for them and also enhance biodiversity. Along the canals, buffer zones
also promote ecosystem services. In the shore belt, close-to-natural vegetation should
spread under regulated conditions repressing alien species and thus encouraging numer-
ous favourable processes. For aquatic associations, particularly for fish stocks, disturbance
along the shore is of utmost importance. Soil erosion could also be mitigated and water
surges would cause less removal of the loose sediments. More atmospheric carbon-dioxide
could be bound in vegetation which is in line with climate protection goals [54].

In the changes of land use proportions, the shrinkage of arable land parallel with the
spreading of wetlands, grasslands and forests is the most favourable development. The
retreat of arable land has been going on for decades. Rational land use is the objective
but the total elimination of this class is not desirable from an economic viewpoint. When
preparing a habitat rehabilitation plan, we identified arable fields lying below the mean
water level of Lake Balaton and in or near Natura 2000 areas. Land use can be optimized in
such areas endangered by excess water through their conversion to grasslands employing
grass mixtures. Thus, a transitional zone could be created between intensively used
agricultural fields and protected areas, grassed patches could be made more compact, the
edge effect would become minimal and the disturbance of habitats would be reduced.
Grassland management is indispensable since unmanaged grasslands are prone to be
infected by weeds and to degradation. Invasive arboreous and herb species have to be
repressed through mowing and grazing carefully adjusted to the phenology of protected
plant species. Information from farmers about preferred land management is necessary.
The direction of mowing has to be planned and tractors should be supplied with shocking
chains to alarm game. A kind of extensive use would be grazing by native domestic animals
in optimal density, which could effectively prevent adventive species from spreading
and increase soil organic matter content. Here, profitability is lower than in large-scale
stock breeding but more sustainable and would allow the exploitation of the potential for
ecotourism in the vicinity of Lake Balaton.

In the arable fields which remained environmentally acceptable, cultivation with
reduced tillage and more effective preservation of soil organic matter would be optimal.
Cutting up stalk residues and mixing them evenly with the topsoil would improve soil
structure at a 15–25 m depth and absorb carbon in the form of humus [55].

We also propose the planting of gallery forests in the eastern part of the Nagyberek in a
ca. 50–100 m wide, almost continuous strip along watercourses of south to north alignment.
In addition to binding CO2 the effect on microclimate would also be favourable, increasing
humidity and protecting the soil from desiccation through shading. They provide good
habitats for amphibians, which could move unhindered between the Fehérvíz bog and the
northern wetlands. Emphasis is laid on the application of native and resistent trees like
willows, poplars, pedunculate oak and black alder. Afforestation and forest maintenance
are financed from governmental sources.

Biodiversity as a supporting service requires regular management. In the southern
Balaton marshes, there is only one legally protected area, the Fehérvíz Nature Reserve of
the Nagyberek. However, 74% of the study area is part of the Natura 2000 network. The
Ramsar Convention area “Fishponds and Marshlands South of Lake Balaton” includes
the eastern and southern sections of the Nagyberek as well as the Ordacsehi, Úszó, Lelle,
Őszöd, Földvár, Tóköz and Töreki marshes [56].

The management plans for Natura, 2000 areas focus on the repression of invasive
plants, aim at the preservation of valuable plant associations and encourage sustainable
farming, but mostly neglect the management of reed-beds, which are central for the conser-
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vation of wetland habitats. Considering physical geographical and ecological endowments,
a detailed plan of reed economy should be prepared. In the 1940s, reed harvesting in
winter was widespread and provided the local population with subsidiary income [57].
As the demand for reed as a raw material declined and wetlands shrank, this practice
was abandoned and the quality of reed-beds deteriorated. Today modern agricultural
technology could allow sustainable reed economy. Harvesting should be reduced to limited
areas since for birds nesting in spring and early summer older, decayed and heterogeneous
reed stands are indispensable [58].

The newly emerged plant species found in the study area in recent decades include
Adonis vernalis, Crocus reticulatus, Orchis laxiflora ssp. palustris, Ranunculus lingua,
Schoenus nigricans and Thelypteris palustris [53]. These species should receive special
attention in planning marsh management to increase biodiversity.

Figure 10. Opportunities for landscape rehabilitation.

4. Conclusions

In industrial countries, wetlands are retreating. Close-to-natural ecosystems are
being replaced by agricultural fields, built-up areas or they survived in a more and more
fragmented form. In Hungary, the southern Balaton marshes show transformation trends
closest to those observed in the Fertő-Hanság National Park. In both regions, most intensive
transformation occurred in the period from the Third Military Survey [25] to the present.
Drainage reduced water levels in both Lake Balaton and Lake Fertő (Neusiedlersee), open
water surface shrank and arable land expanded at the expense of wetlands and grasslands.
In the Hanság, poplar varieties were extensively planted too [59]. In recent decades,
however, favourable trends in land use are detected for both areas. Arable land of low
fertility is increasingly abandoned and more natural vegetation is allowed to regenerate. In
many cases, however, the spreading of invasive species hinders this process [60,61].

In addition to being valuable habitats, the marshes in the southern neighbourhood
of Lake Balaton are also suitable to temporarily store surges of rainwater both on the
surface and in the soil and, thus, fulfilling a buffering function. To intensify this function,
large-scale rehabilitation would be necessary but complete landscape restoration would
be cost-intensive and contradict the interests of farmers and local population. Partial
rehabilitation, however, is feasible in areas of high nature conservation value. In this paper,
proposals are made for the allocation of water retention structures and for modifications in
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land use. The final goal is the improvement of the provision level of ecosystem services
which truly reflect the value of the landscape [50,51].

Investigating landscape changes in international comparison, it becomes clear that the
same processes which affect wetlands operate at different rates. In the Doñana marshland
of southern Spain, in 1918, over 99.8% of the area natural and close-to-natural ecosystems
were found, while by 2006, their share dropped to 29.6%. In the Doñana intensive landscape
change started later but was more rapid than in the wetlands of Hungary. In parallel with
but belated by Hungarian developments, after the 1998 plummet, however, a modest
growth of more natural habitats is observable [3].
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60. Molnár, Z.; Gergely, A. A Körtvélyes-Sziget Élőhely-Változásai (Habitat Changes of the Körtvélyes-Island). Tájokológiai Lapok
2008, 6, 333–341.
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