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Manifestations of ongoing landscape changes in the National Park Nizke Tatry.
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ABSTRACT: As a country with abundant natural resources, Slovakia has legislation to protect significant
parts of nature and landscape. The paper aimed to identify the extent and nature of land cover changes
in large protected areas in Slovakia and to determine how had these changes impacted the diversity and
ecological stability of the landscape. We used the CORINE Land Cover data from 1990 and 2018 to iden-
tify landscape changes and analyzed them spatially and statistically. Overall, 21.7% of the total area was
changed. In terms of landscape changes, nine dominant sub-processes within five »land cover flows« were
identified. In terms of changes in landscape diversity and stability the most significant changes occurred
in the NP Nizke Tatry.
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Spremembe rabe tal na zavarovanih obmocjih na SlovaSkem med letoma 1990 in 2018

POVZETEK: Slovaska je bogata z naravnimi viri in ima zakonodajo, s katero so zavarovana pomembna
naravna obmod¢ja in pokrajine. V ¢lanku avtorica proucuje obseg in vrsto sprememb rabe tal na obseznih
zavarovanih obmocjih na Slovaskem ter ugotavlja, kako so te spremembe vplivale na raznolikost in ekolosko
ravnovesje pokrajine. Za doloc¢anje pokrajinskih sprememb ter njihovo prostorsko in statisti¢cno analizo
je uporabila podatke CORINE Land Cover za obdobje med letoma 1990 in 2018. Spremenilo se je skupno
21,7 % celotne proucevane povrsine. Z vidika pokrajinskih sprememb je bilo dolo¢enih devet podprocesov
znotraj petih tipov sprememb, do najvecjih sprememb v raznolikosti in ekoloskem ravnovesju pokrajin
pa je prislo v Nacionalnem parku Nizke Tatre.

KLJUCNE BESEDE: pokrajinska preobrazba, varovanje pokrajin, narodni park, zavarovana pokrajinska
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1 Introduction

Slovakia has undergone significant socio-economic changes over the last three decades (namely socialism
1980-1990, postsocialism 1990-2000, EU accession 2000-2006, EU membership 2004-today), which have
also affected the land use (Paztir and Bolliger 2017). The collapse of socialism throughout Eastern Europe was
a natural experiment of rare magnitude that affected every aspect of societies, economies and land use prac-
tices (Radeloff and Gutman 2017). This rapid transformation is the key factor of understanding landscape changes
in Central and Eastern Europe (Urbanc et al. 2004). Land use is determined by natural, socioeconomic, insti-
tutional, cultural, and legal factors (Jansen 2006). When the properties of the earth’s surface, such as biota, soil,
terrain, water, and settlement structure, are added to these factors, we speak of a land cover, which represents
the intersection of natural spatial conditions and the current land use (Lambin et al. 2000).

Changes in the protected areas of Slovakia over the given period were manifested mainly in rural areas
(Izakovi¢ova 2012) by changes on agricultural land - extensification and abandonment of agricultural land
and the decline of traditional land management (Sebo, Kopecké 2004; Lieskovsky et al. 2015). Changes in
land cover also occurred due to increased urbanization and suburbanization (Pazar and Bolliger 2017).
In protected areas, mostly covered by forests, the changes were caused mainly by natural factors — wind
calamities and related problems with bark beetles (Sldvikova and Slavik 2006).

Changes due to the increasing importance of tourism have also occurred. Recreational activities can
thus be one of the main reasons for disruptions of landscape diversity and stability and increased frag-
mentation of the landscape caused by the development of tourism may lead to a decrease in biodiversity
(Klauco et al. 2012; Rusndk, Izs6ff and Lieskovsky 2017; Kniazovi¢ova et al. 2018). Protected areas around
the world are crucial to biodiversity conservation (Margules, Pressey and Williams 2002), while land use
is a critical factor in providing food and other ecosystem services essential for human needs. The chal-
lenge is to identify management opportunities that preserve ecological functions while minimizing human
land-use constraints (DeFries et al. 2007). Land cover changes in Europe’s protected areas are a frequent
research object studied mainly using GIS technologies (e.g., Gabrovec et al. 2013; Zafar 2014; Martinez
del Castillo et al. 2015; Janik and Romportl 2018; Hamad, Kolo and Balzter 2018; Krajewski 2019; Martin
et al. 2019; Rodriguez-Rodriguez, Martinez-Vega and Echavarria 2019; Ribeiro and Smid Hribar 2019).

In Slovakia, nature and landscape protection is applied through the Act No.543/2002 Coll. on Nature
and Landscape Protection (Zédkon o ochrane ... 2002). The Act aims to ensure the long-term preservation
of natural balance, the protection of the diversity of conditions and forms of life, natural values and beau-
ty, the creation of conditions for sustainable use of natural resources and ecosystem services, taking into
account economic, social and cultural needs as well as regional and local conditions. The range of restric-
tions increases with the increasing degree of protection. Each type of protected area has a specific degree
of protection within its territory. In Slovakia, large and small-scale protected areas are established. A spe-
cific degree of protection is applied in different protected areas (Table 1).

The degree of protection of the territory also determines land use and the number of ecosystem ser-
vices provided. The most dominant industries in the protected areas of Slovakia are forestry, tourism, water
management, and mining. The most significant revenues also flow from these industries (Janiga et al. 2012).

Table 1: Protected areas in Slovakia according to the Act No. 543/2002 Coll. on Nature and Landscape Protection.

Type of protected area Degree of protection Number Area (ha)

Large-scale protected area  National park (NP) 3 9 317,889.90
Protected landscape area (PLA) 2 14 522,581.50

Small-scale protected area  National Nature Reserve (NNR) 40, 50 219 84,188.97
Nature Reserve (NR) 4t 5t 217 13,347.35
Protected Area (PA) 31 4th 5th 166 8307.54
National Nature Monument (NNM) 4 5t 11 84,188.97
Nature Moment (NM) 4 o 217 158331
Protected Landscape Feature (PLF) 20 3d 4 5ih 1 251
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In our research, we have dealt only with the large-scale protected areas, which cover 22.65% of Slovakia.
A national park is defined as an area of over 10,000 ha, predominantly with ecosystems substantially unchanged
by human activity or in a unique and natural landscape structure, constituting the most important nat-
ural heritage, in which nature protection is superior to other activities. The protection objective of a national
park is the conservation or gradual restoration of natural ecosystems, including ensuring the uninterrupted
flow of natural processes in at least three-quarters of the area of a national park. A protected landscape
area is defined as an area of over 1000 ha, with scattered ecosystems important for the conservation of bio-
diversity and ecological stability, with a characteristic landscape appearance or with specific forms of historical
settlement (Act No. 543/2002 Coll. on Nature and Landscape Protection) (Zakon o ochrane... 2002). These
areas thus constitute representative parts of the landscape that need to be protected by law and focus on
their excellent management. Although the legislation protects a large part of the landscape, the protect-
ed areas are subject not only to anthropogenic influences but also to various natural disturbances. Protected
areas are the cornerstone of forest protection, but during socio-economic and institutional crises, the pro-
tection of forests is not always adequate. Since 1990, Slovakia has undergone economic-institutional changes,
including the break-up of socialism, accession to the European Union, and the rapid expansion of protected
areas (Butsic et al. 2017).

It is very important to detect and analyze changes in protected areas, because they are not immune to
biodiversity and habitat loss or increases in human-caused pressure (Geldmann, Joppa and Burgess 2014).

The paper aims to compare and evaluate the extent and the nature of land cover changes in protect-
ed areas of Slovakia between 1990 and 2018. Based on the research, we should be able to answer the following
research questions:
o What was the extent of changes that took place in selected protected areas of Slovakia?
o What changes took place in protected areas of Slovakia?
o Which land cover classes were dynamic and which were static in protected areas?
o How did the landscape’s diversity and stability of protected areas change in the last three decades?

2 Methods
2.1 Study area

In our research, we have dealt with landscape changes in large-scale protected areas of Slovakia, which
include nine national parks and fourteen protected landscape areas (Figure 1).

The oldest protected landscape area is the PLA Vihorlat, which was declared in 1973. All PLAs were
established until 1990, except for the PLA Dunajské Luhy, which was established only in 1998 and is the
youngest protected area in Slovakia. Some of the present national parks were firstly protected as protect-
ed landscape areas and had been transformed into national parks later (1964 - Slovensky raj, 1967 - Mala
Fatra, 1973 - Slovensky Kras, 1974 - Velka Fatra, 1977 — Muranska Planina). The oldest national park is
the Tatra National Park (TANAP), which was proclaimed in 1948. This year was significant for the for-
mer Czechoslovakia, as it had been listed as the 49'" state in the list of states that established national parks
on their territory (Stitny zoznam osobitne ... 2020). Some protected areas have changed their boundaries
and area over time. In our research, we have observed areas delimited by their current borders.

2.2 Data and analyses

We have used CORINE Land Cover (CLC) data from 1990 and 2018 for the analysis of land cover changes
in protected areas. Using analytical tools in ArcMap 10.5 software, we had been able to identify the extent
and the nature of changes over a nearly 30-year period. Twenty-six CLC classes have been identified in
large-scale protected areas of Slovakia (Table 2).

We have focused mainly on the comparative evaluation of changes in the individual land cover class-
es and analyzed them statistically and spatially. The output tables were subsequently transformed into
contingency tables, from which we have obtained the proportional shares of land cover classes in 1990 and

Figure 1: Large-scale protected areas in Slovakia (National park — NP, Protected landscape area — PLA). »
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2018 as well as the changes within the period observed. The next stage consisted of assessing landscape
structure changes based on the calculation of landscape metrics using the Patch Analyst extension. The soft-
ware offers analyses of several types of landscape-ecological indices. These metrics are often used as indicators
of landscape fragmentation or diversity in Slovakia (BoltiZiar 2010; Gajdos, Klau¢o and Skodova 2012; Olahovd,
Vojtek and Boltiziar 2013) and abroad (Li et al. 2004; Kumar et al. 2018; Deriaz et al. 2019). However, in
our research we have focused mainly on the analysis of landscape diversity over time using the Shannon
Diversity Index (SDI). It is an index determining landscape diversity calculated as the ratio of the size of
different land cover classes over the total area. SDI increases by the number of patches in the land cover
classes. The higher the index value, the greater the diversity of the land cover, i.e., the land cover is richer
in the number of land cover classes and the number of patches (Klauco et al. 2014). The index will be equal
to 0 when there is only one patch in the landscape, and increases as the number of patch types or the pro-
portional distribution of patch types increases. We analysed the landscape stability using the Ecological
Stability coefficient (ESc), according to Michal (1982). The coefficient reflects the proportion of relatively
stable and unstable landscape areas. Stable areas include forests, non-forest tree vegetation, meadows, pas-
tures (we have included CLC classes: 221, 222, 231, 311, 312, 313, 321, 322, 324, 331, 332, 333, 411, 412,
511, 512). Unstable areas include arable and built-up areas (we have included CLC classes: 112, 121, 131,
132,133, 141, 412, 211, 242, 243). We have observed the values of the coefficient as well as their change
between the years 1990 and 2018. The resulting values were interpreted as follows:

o ESc<0.10 - an area with a maximal disruption of natural structures, essential ecological functions must

be intensively and permanently replaced by technical interventions;
o ESc=0.10-0.30 - an over-exploited area, with an apparent disruption of natural structures;

Table 2: CLC classes in large-scale protected areas of Slovakia.

Level 1 Level 3

12 Discontinuous urban fabric
21 Industrial or commercial units

31 Mineral extraction sites

1 Artificial surfaces 1
1
1
132 Dumpsites
1
1
1

33 Construction sites

41 Green urban areas
42 Sport and leisure facilities

2 Agricultural areas 211 Non-irrigated arable land

221 Vineyards
222 Fruit trees and berry plantations

231 Pastures

242 Complex cultivation patterns
243 Land principally occupied by agriculture, with significant areas of natural vegetation

3 Forest and semi-natural areas 311 Broad-leaved forest
312 Coniferous forest
313 Mixed forest
321 Natural grasslands
322 Moors and heathland
324 Transitional woodland-shrub

331 Beaches, dunes, sands
332 Bare rocks
333 Sparsely vegetated areas
4 Wetlands 411 Inland marshes
412 Peat bogs
5 Water bodies 5711 Watercourses
512 Waterbodies
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o ESc=0.31-1.00 - an intensively used area, mainly for large-scale agricultural production, where weak-
ening of self-regulatory processes causes their considerable ecological lability;

o ESc>1,00 - an almost balanced landscape in which the technical objects are in relative balance with the
preserved natural structures.

Within the framework of land cover structure changes between 1990 and 2018, we have also identified
the dominant (not the prevailing) process using the »land cover flows« (LCF) identification method. Some
authors (Stott and Haines- Young 1998; Feranec et al. 2010; Perdigao and Christensen 2000; Kohler, Olschofsky
and Gerard 2006) have used this method, but they defined different types of processes. In our research, we
used aland cover flow definition by Haines-Young and Weber (2006). They identified nine types of processes:
« LCF1 Urban land management - Internal transformation of urban areas;

« LCF2 Urban residential sprawl - Land uptake by residential buildings altogether with associated ser-
vices and urban infrastructure from non-urban land;

» LCF3 Sprawl of economic sites and infrastructures - Land uptake by new economic sites and infra-
structures (including sport and leisure facilities) from non-urban land;

o LCF4 Agriculture internal conversions — Conversion between farming types;

o LCF5 Conversion from forested & natural land to agriculture — Agricultural expansion;

« LCF6 Withdrawal of farming — Farmland abandonment and other conversions from agriculture activ-
ity in favor of forests or natural land;

o LCF?7 Forests creation and management - Creation of forests and management of the forest territory
by felling and replanting;

« LCF8 Water bodies creation and management — Creation of dams and reservoirs and possible conse-
quences of the management of the water resource on the water surface area;

INPUT Polygons of protected
DATA CLC 1990 areas of Slovakia CLC 2018
ArcGIS 10.5
SOFTWARE PatchAnalyst
MS Excel
RESEARCH Extent of land Nature of land Diversity and stability
TOPIC cover changes cover changes of landscape
Land cover Cross-table matrix Shannon diversity index SDI
change index of land cover changes N:
Year 2018 =1— v Inp:
Changed clcazfsses car SDI=1 Z b+ Inp;
area (ha) 112 | 121 | 131 | ... i=1
—— %100 (%)
Total 12| x [ 723500
METHODS area (ha)
121 |256 | x | 05 | 1,5 Ecological stability coeficient ESc

131 | 00 |426]| x |52

Year 1990

Stable land cover

..... 1,2 |[32 | 0,0 X ESc = classes (ha)
Unstable land cover
» Identification classes (ha)

of dominant change and its
classification according to
Land Cover Flow
methodology (Haines-Young
and Weber 2006)

Figure 2: Schematically representation of the methodology followed by the research.
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o LCF9 Changes of land cover due to natural and multiple causes — Changes in land cover resulting
from natural phenomena with or without any human influence.

Additionally, Haines-Young and Weber (2006) defined sub-processes at detailed level. For complete
list of sub-processes see Haines-Young and Weber (2006). We have identified the most dominant sub-process,
i.e,, the one with the highest proportional share in each protected area. We have focused on the figure with
the highest numerical value, that is to say, which class of land cover was dominantly changing to anoth-
er class, using the cross table matrix of the changes in the different land cover classes in the observed period.
We have then assigned this change to a specific land cover flow. Although we could have assigned other
sub-processes in the observed area (e.g., LCF71 includes changes from CLC 324 to CLC 311, CLC 324 to
CLC 312, CLC 324 to CLC 313, and other), we have not deliberately addressed all the sub-processes, but
only the most dominant sub-process (Figure 2).

3 Results

3.1 The extent of land cover changes

We could determine the extent of land cover changes by comparing the CLC data from 1990 and 2018 in
each of the protected areas (Figure 3).

PLA Biele Karpaty
PLA Cerové vrchovina
PLA Dunajské Luhy
PLA Horna Orava
PLA Kysuce

PLA Latorica

PLA Malé Karpaty
PLA Polana

PLA Ponitrie

PLA Strédzovské vrchy
PLA Stiavnické vrchy
PLA Vihorlat

PLA Vychodné Karpaty
PLA Zéhorie

NP Mald Fatra

NP Murénska Planina
NP Nizke Tatry

NP Poloniny

NP Slovensky Kras
NP Slovensky raj

NP Velka Fatra

NP Tatra

NP Pieniny

I T T
0 10 20 30 40 50

Total change (%)

Figure 3: Extent of changes in large protected areas of Slovakia between 1990 and 2018.

Figure 4: Land cover changes in large-scale protected areas in Slovakia between 1990 and 2018 (in %). »
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In total, up to 21.7% of the area of the protected areas was changed. Land cover, and consequently the
landscape, changed in the national parks as well as in the protected landscape areas. More than one third
of the area was changed in the PLAs Dunajské luhy (41.3%) and Kysuce (37.6%). On the contrary, the least
changes occurred in the PLAs Vihorlat (10.7%) and Cerova vrchovina (12.2%). Considering the nation-
al parks, the NP Nizke Tatry has changed the most, where up to 26.3% of its area has changed. On the contrary,
the least changes were recorded in the NP Mala Fatra, where only 12.8% of the area has changed. In terms
of spatial distribution, most changes occurred in protected areas located along the country’s borders with
one exceptions in the centre of the country in the Low Tatras National Park (Figure 4).

The most significant changes thus took place within CLC classes 231, 243, 311, 312, 313, 324, i.e., with-
in forest stands and meadows. These classes can be considered very dynamic, with more than 20% decrease
or increase in their areal extent. On the contrary, CLC classes 112, 121, 131, 132, 141, 142, 221, 222, 331,
332,333, 412, i.e., urbanized areas, areas of permanent crops, areas with sparse vegetation and wetlands,
can be described as static classes.

3.2 The nature of land cover changes

By comparing the percentage shares of land cover classes of protected areas in individual years, it is pos-
sible to define the nature of the main changes (Table 3).

The most significant increase in land cover class was recorded in the PLA Polana, where up to 58%
of the area was transformed into mixed forests (CLC 313). In particular, the forest land cover classes (CLCs
311,312, 324) and agricultural land cover classes (CLC 211, 231, 243) were transformed. On the other hand,
the most substantial proportional decrease occurred in the PLA Vychodné Karpaty, where the area of tran-

Table 3: The nature of land cover changes in large protected areas of Slovakia between 1990 and 2018 (x —no change observed).

Protected area 512 N 412 m 333 332 331 324 32 321 313 312
PLA Biele Karpaty X X X X X X X 5% x  <05% 1% 1%
PLA Cerovdvrchovina ~ —1% X X X X X X —7% X X 7% 1%
PLA Dunajské Luhy 8% 4% X —5% X x  <05% —44% x  <05% X
PLA Horné Orava 6% x  <05% 7% X X X -12% 1% <05% 10% 11%
PLA Kysuce 1% X X X X X X 27% X <05% 16%  —27%
PLA Latorica X X X 5% X X X —4% <0.5% X X X
PLAMaléKarpaty  <05% <05%  x  <05%  «x X X -18%  «x -2%  —4% 7%
PLA Polana <05%  x X X X X X -25% X X 58%  —9%
PLA Ponitrie X X X X X X X —9% X X 29% 3%
PLA StréZovské vrchy X X X X <05%  x X 3% X X 10%  <0.5%
PLA Stiavnickévichy ~ <0.5%  x X X X X X 5% x  <05% 6% <05%
PLA Vihorlat 2% X X x o <05% X X -16% x  <05% 8% <05%
PLA Vjichodné Karpaty ~ x X X X X X X -52% X X 21% 4%
PLA Zdhorie 1% 5% X <0.5% X X X —-10% X X 1% 7%
NP Mald Fatra <05% <05%  x X 2% X X 5 2% 8% 2% 9%
NP Murdnska planina ~ x X X X 1% X X —-8% X X 6%  -17%
NP Nizke Tatry <05%  x X X <05%  x X 2% 4% 9%  M% —45%
NP Poloniny <05%  «x X X X X X —-35% X X 2%  <0.5%
NP Slovensky Kras ~ <0.5%  x X X 2% X X 11% X <05% 2%  -1%
NP Slovensky Raj <05%  x X X 1% X X 17% X X %  -23%
NP Velkd Fatra X X X X 1% X X 8% <05% 5%  19% -26%
NP Pieniny X X X X X X X 1% X X 1% 17%
Tatra NP <0.5% X X X <05% -1% X 8% 5% 7% 1%  —44%
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sitional woodland-shrub was transformed into deciduous and mixed forests. Both cases, correspond to
succession processes, where over-harvested or degraded forest areas have overgrown over time and have
been transformed into young forests. However, it does not have to be just a succession. Artificial reforestation
is mainly used in habitats where the natural regeneration is slowed down, i.e. if the mother stand is miss-
ing or has an unsuitable species composition or poor quality, or on large calamitous areas. Artificial regeneration
is often a tool to ensure the continuity of the forest in larger and more continuous calamitous areas. An oblig-
ation to afforest any clearing within two years from its origin, three years if protective forest stands are
concerned, comes from the Act No. 326/2005 Coll. on forests (Zakon o lesoch 2005). The state authori-
ties may extend this period by another two years in case of an expected natural renewal. Another obligation
is to secure the forest stand from 2 to 10 years after the end of the afforestation period.

The same process, when the share of transitional woodland-shrub (CLC 324) decreases at the expense
of forest land cover classes is also visible in the PLAs Dunajské luhy, Poloniny, and Polana. Succession process-
es are also reflected by the increase of permanent grasslands in the NP Slovensky kras. The opposite process,
when the share of transitional woodland-shrub increases and the share of forest decreases, was recorded
in the PLA Kysuce, the NPs Nizke Tatry, Slovensky raj and Tatra. Transitional woodland-shrub is a class
which contains young forest trees (deciduous and coniferous), planted after loggings or various calamities,
as well as forest nurseries, forest formations with natural development, shrub formations on abandoned mead-
ows, pastures and forest clearings under high-voltage power lines (Feranec and Otahel 2001). Due to the
loss of forest cover, this landscape ceased to fulfill its essential functions. Consequently, the ecological sta-
bility of the landscape is disrupted, which is manifested in various disturbances, including landslides, floods,
and endangering of wild animals by the reduction of their natural habitats. The most significant change
in the urbanized (built-up) areas was observed in the PLA Dunajské Luhy. However, it is necessary to note

Continuation of table 3.

m 243 242 231 222 21 2N 142 141 133 132 131 121 112
15% 8% 2% 1% <05%  x —4% <0.5% X X X X X 2%
26% —6% <05% —19% X 1% 3% x X X X <0.5% X -2%
52%  —6% <0.5% 3% 1% X 1% 1% X -12% 1% X <0.5% <0.5%

6% 7%  12% -11% X X —9% <0.5% X X X X <05% <0.5%
1%  —4% 4% —18% X X -1% <0.5% X <0.5% X X <0.5% 1%
4% —4% 1% —15% X <05% -14%  «x X X X <05% <05%  -1%
2% <05% <05% -1% <05% —1% -3% <0.5% X <0.5% X <05% <05% <0.5%
-13%  -2% X —9% X X -1% X X X X X <0.5% X
-17% -1% <05% -2% <05% <05% 4% 1% X X X <0.5% X <0.5%

5% 4% 1% 5% X X 1% X X X X X X 1%
12% -13% <0.5% 1% <05% <05% -1% <05% <0.5% X <05% <05% <05% <0.5%
M%  —2% 1% 2% X X -2% X X X X X 2% -1%
2%  -71% <05% —7% X X -1% X X X X X X <0.5%
6% 4% <0.5% 8% <05% <05% -12% <0.5% X X X X <05% <0.5%
6% 3% 2% 5% X X <0.5% <0.5% X X X <0.5% X <0.5%

1% 1% X -11% X X <0.5% X X X X <05% <05% <0.5%
-1% <0.5% X -3% X X <05% 1% X X X X X <0.5%
2060 7% X -11% X X <0.5% X X X X X X <0.5%
<05% 5% <05% -25% X 1% 2% X X X X <0.5% <05% <0.5%
10% 2% X —14% X X -1% -1% X X X X X <0.5%
10% <05% <05% —6% X X <05% -1% X X X <0.5% X <0.5%
<05% -2% <05% -7% X X 1% X X X X X X <0.5%
<05% <05% <05% —2% X X <0.5% <0.5% X X X X X <0.5%
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that this area was not been categorized as a PLA in 1990. The construction of the Gab¢ikovo waterworks
was carried out in this area in the 1980s and 1990s. However, the system of aggradation embankments
and accumulation depressions with a dense network of river distributaries was created before human inter-
ventions into the natural hydrological regime of the Danube River. The Dunajské Luhy was declared as
Protected Landscape Area only in 1998, and the formerly built-up areas are nowadays mainly water bod-
ies, permanent grasslands, agricultural areas, or deciduous forests (Feranec et al. 2002).

We have focused on the identification of processes taking place in the landscape within the dynam-
ics of land cover classes, the so-called »land cover flows«. We have identified the dominant sub-processes
based on the percentage of all changes in every protected area, i.e., the process with the highest percent-
age (Table 4).

Nine dominant sub-processes, which can be assigned to five land cover flows, have been identified
(Figure 5).

LCF71 - is the most frequent dominant sub-process in Slovakian large protected areas. It represents
the conversion of transitional woodland-shrubs to forests, i.e., the secondary succession on forest clear-
ings. This sub-process was dominant in eight protected areas. Altogether three types of changes were observed:
Transitional woodland-shrubs were dominantly transformed into deciduous forests in the PLAs Malé Karpaty
(29.54%), Dunajské luhy (40.15%), Vihorlat (39.89%), Vychodné Karpaty (40.74%), and the NP Poloniny
(37.98%). The transformation of transitional woodland-shrubs into coniferous forests was most evident
in the PLAs Hornd Orava (14.96%) and Zahorie (10.72%), and transformation to mixed forests was most
evident in the PLA Polana (28.49%).

LCF73 - represents the internal transformations of forests, i.e., conversions of one forest type to anoth-
er (among coniferous, deciduous and mixed). Overall, two types of changes have been identified, when
mixed forests were converted to deciduous forests and vice versa. These sub-processes were identified in
five protected areas, most notably in the NP Mala Fatra. Specifically, this involved the conversion of CLC
311 to CLC 313. Conversion of deciduous forests to mixed forests was also dominant in the PLAs Ponitrie
(29.15%) and Strazovské vrchy (17.06%) and the NP Slovensky kras (16.36%).

LCF74 - the sub-process is most often caused by forest loggings or by natural forces resulting in sub-
sequent logging. Only one sub-process was identified in the large protected areas, namely the transformation
of coniferous forest into transitional woodland-shrub. This sub-process can also be described as a »tran-
sient state of the forest« and has been dominant in one PLA - PLA Kysuce and in five national parks —
the Tatra NP, NP Nizke Tatry, NP Slovensky raj, NP Muranska planina and NP Velka Fatra. The sub-process

Table 4: Dominant land cover flows in large protected areas.

Large protected area Dominant LCF Large protected area Dominant LCF
% LCF % LCF

PLA Biele Karpaty 16.12 LCF73 PLA Vichodné Karpaty 40.74 LCF71
PLA Cerovd vrchovina 17.79 LCF61 PLA Zdhorie 10.72 LCF71
PLA Dunajské Luhy 40.15 LCF71 NP Mald Fatra 32.54 LCF73
PLA Hornd Orava 14.96 LCF7 NP Murénska planina 17.59 LCF74
PLA Kysuce 3118 LCF74 NP Nizke Tatry 52.59 LCF74
PLA Latorica 14.62 LCF61 NP Poloniny 37.98 LCF71
PLA Malé Karpaty 29.54 LCF71 NP Slovensky kras 16.36 LCF73
PLA Polana 2849 LCF/ NP Slovensky raj 4342 LCF74
PLA Ponitrie 29.15 LCF73 NP Velkd Fatra 16.17 LCF74
PLA Strdzovskd vrchy 17.06 LCF73 NP Pieniny 2059 LCF523
PLA Stiavnické vichy 9.28 LCF61 NP Tatra 53.55 LCF74
PLA Vihorlat 39.89 LCF71

Figure 5: Land cover flows in large protected areas of Slovakia between 1990 and 2018 (%). »
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can be described as alarming, as the most significant parts of Slovakia’s nature have lost a large amount
of forest areas. These areas are often affected by wind disasters, with the most considerable damage being
recorded in 2004 (Konopka and Kunca 2016). The proportion of forests destroyed by wind calamities has
been increasing over the past 55 years (Konopka and Kondpka 2007).

LCF61 - This sub-process involves a secondary succession sub-process and the abandonment of agri-
cultural land and its gradual transformation into transitional woodland-shrubs or forests. Two types of
changes were identified: The class land principally occupied by agriculture, with significant areas of nat-
ural vegetation (CLC 243) was transformed into broad-leaved forest (CLC 311) in the PLA Cerova Vrchovina
and the PLA Stiavnické Vrchy and pastures were transformed into broad-leaved forests (CLC 311) in the
PLA Latorica. Abandonment of agricultural land is related to socio-economic changes in Slovakia and changes
in traditional management (Lieskovsky et al. 2015; Pazur et al. 2014). Traditional mowing or goats and sheep
grazing had prevented succession sub-processes in the past (Skodova and Gajdos 2010).

LCF523 - the sub-process is characterized by the conversion of predominantly agricultural structures
with natural elements into continuous agriculture. The sub-process was dominant only in NP Pieniny, where
mainly CLC 243 was converted to CLC 231.

3.3 Diversity and landscape stability of the large protected areas

The landscape diversity in the observed years was calculated using the SDI. The variation of this index
reflects the changes in the number of landscape feature classes and their abundance. We have also deter-
mined the level of ecological stability of the landscape (Figure 6).

SDI values ranged from 0.48 in the PLA Vihorlat to 1.84 in the PLA Zahorie in 1990. The minimum
and maximum values were recorded in these areas in 2018 as well. The most significant decrease in the

Il Increase/decrease of Shannon Diversity Index

-0,6 -0,4 -0,2 0 0,2 0,4 0,6
! !

PLA Biele Karpaty
PLA Cerové vrchovina
PLA Dunajské Luhy
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PLA Strazovské vrchy
PLA Stiavnické vrchy
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PLA Vychodné Karpaty
PLA Zihorie

NP Nizke Tatry
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NP Poloniny
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Figure 6: SDI and ESc change in the large protected areas of Slovakia between 1990 and 2018.
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SDI value, i.e., a decrease in diversity of the landscape, occurred in the PLA Dunajské Luhy. A decline in
human activity-related land cover classes (construction and agricultural activity), was observed and reflect-
ed in SDI values. A significant decrease in SDI values also occurred in the PLA Vychodné Karpaty, where
the number of land cover classes did not change, but they were unequally distributed (represented) in the
landscape. On the other hand, the highest increase of SDI index occurred in the NP Nizke Tatry, the Tatra
NP, and the PLA Kysuce. The areas of coniferous forests have decreased, and the areas of transitional wood-
land-shrubs increased in the NP Nizke Tatry due to wind calamities and subsequent logging. The CLC
classes are thus represented more evenly, but in this case, the increase in SDI values suggests a higher land-
scape diversity. However, it is questionable whether this radical increase has a positive effect on the stability
of the landscape.

We have analyzed the stability of the landscape using the coefficient of ecological stability, according
to Michal (1982). All of the protected areas in both of the monitored years reached values of the ESc index
higher than 1.0, which is a result of an almost well-balanced landscape, where the technical features are
in relative balance with the preserved natural structures. The ecological stability coefficient of less than
1.0 was recorded only in the PLA Latorica for the year 1990. This value indicates that the area was used
intensively mainly for large-scale agricultural production, while the self-regulation processes were weak-
ened, which caused lower ecological instability in these areas. However, the value of ESc had increased
above 1.0 in this area in 2018.

Ecological stability of the landscape had decreased in four protected areas, while it increased in the
others. A small, almost negligible decline occurred in the PLA Kysuce and the NP Vysoké Tatry. However,
a significant decrease occurred in the NP Nizke Tatry and the NP Murdnska Planina. Although ESc val-
ues still reached high levels in these areas (higher than in the other protected areas), these changes are alarming
as these are areas with habitats of protected species. In the NP Muranska Planina, the greatest threat is the
loss of the natural habitats of the critically endangered capercaillie (Figtir, Malina and Urban 2016). On
the contrary, the most significant increase in ESc values, i.e., a significant increase in the ecological sta-
bility of the landscape, occurred in the NP Polana, the NP Poloniny, and the NP Velka Fatra.

4 Discussion and conclusion

In the large-scale protected areas of Slovakia, the most substantial changes occurred between transition-
al woodland-shrubs (CLC 324) and mixed forests (CLC 313). Changes among these classes represent an
ongoing process. On the one hand, it is a process of succession, and on the other, it is a reduction of the
forest area. According to Volo$¢uk (2010), the assessment of the secondary succession of dendroflora in
the abandoned former pasture sites with permanent grassland is perceived rather negatively from the land-
scapes’ characteristic appearance point of view. However, this process is positive, considering the ecological
stability of a landscape, where forest ecosystems represent the most stable elements. In this sense, it is essen-
tial to perceive landscape diversity and stability as two different concepts. A decline in the stability of the
landscape despite the increase in the landscape diversity was a frequent phenomenon. Increased landscape
diversity is often a result of radical interventions in the landscape, both natural and anthropogenic. The
values of landscape-ecological indices have to be interpreted very sensitively for this reason. Although the
values of the SDI index have increased over the period studied, irreversible and degrading changes for the
landscape occurred. The share of CLC 324 (transitional woodland-shrub) increased, while the share of
CLC 312 (coniferous forests) decreased, mainly due to wind calamities and subsequent logging in the NP
Nizke Tatry. Therefore, land cover classes had a more even representation in the landscape, and the land-
scape diversity increased. Is the increase in the landscape diversity beneficial to the landscape in this way?
According to Guerra, Rosa and Pereira (2019), monitoring of land cover changes is particularly crucial in
protected areas where long-term ecosystem stability is a critical aspect of conservation. We agree with
Ruzi¢kova, Moravéikova and Lehotskd (2009), who states that the resulting values of the landscape’s diver-
sity index do not describe the ecological stability and quality of the assessed area and do not take the internal
differentiation (disaggregation) of the landscape structure features into account. The penetration of den-
droflora in secondary succession into the abandoned agrarian ecosystems can cause a decrease in the value
of landscape character (patterns of elements in the landscape) and can be understood as a degradation
process. Secondary succession of dendroflora in grassland ecosystems can also be understood as ecological
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damage because by disrupting internal links and processes, it weakens the natural functions of permanent
grassland ecosystems (Volos¢uk 2010). These conditions are suitable for the spreading of non-native and
invasive plant species and plant species in the form of scattered groups of shrubs and trees (David, Mojses
and Boltiziar 2013). According to Sebo and Kopecka (2014), small meadows in Slovakia will almost entire-
ly disappear due to the difficulty of their maintenance. This problem has been also observed throughout
other countries in Central Europe (Pruchniewicz 2017).

The second most dominant sub-process was the reduction of forest area when forest stands were
converted to transitional woodland-shrubs. This class (CLC 324) can arise through an entirely different
development and can thus take on completely different values of ecological stability or diversity. On the
one hand, it may include areas artificially mined by heavy machinery with severely anthropogenically affect-
ed and degraded landscape. However, it may also include areas affected by wind disasters left to develop
spontaneously and thus with slower but spontaneous forest regeneration. The issue of landscape management
after wind disasters is still very up-to-date, and there is a constant debate about whether it is necessary to
remove or leave calamity wood in the landscape. According to Urbanovic¢ova, Miklisova and Kovac (2014),
it is much more appropriate to leave the fallen wood after a wind calamity in the landscape to enable the
survival of specific forest species and to preserve the diversity of forests. The wind is becoming one of the
most important abiotic factors, which causes various disturbances in the landscape of Slovakia (Kondpka,
Zach and Kulfan 2016). The importance of protected areas in Slovakia is also confirmed by the fact that
deforestation is visible on a much smaller scale in the protected areas than in the surrounding unprotected
areas (Butsic et al. 2017). For example, the difference can also be seen between the Polish and Slovak sides
of the Tatra National Park, with radical differences in the opinions on logging in the national parks, on
bark beetles, and large predators hunting (Janiga et al. 2012). A new law entered into force in Slovakia on
1 January 2020, strengthening the competence of the State Nature Conservancy of Slovak Republic. Logging
will not be possible in the protected areas with the third and higher degree of protection without its con-
sent, while so far, they have had such powers only in areas with the fifth degree of protection.

Based on the results obtained, we can conclude that the CLC database is a suitable data source to ana-
lyze main land cover changes in Slovakia in larger areas, but some classes may also include diametrically
different types of landscapes (e.g., CLC 324) that perform different functions. However, the CLC database
also has its negatives (Jovanovi¢, Milanovic and Zorn 2018) and is not suitable for monitoring current changes
(5-10 years) and for monitoring changes in small areas, as the Minimum Mapping Unit (MMU) is 25 ha.
Also, the values of landscape ecological metrics should be sensitively interpreted because it does not take
the internal differentiation of land cover classes into account. In the future, it is necessary to focus on the
proper management of the landscape after wind calamities, as these are the primary triggers of the sig-
nificant landscape changes in protected areas of Slovakia. Although the process associated with new
construction activity did not predominate in any of the protected areas, purposeful innovations in line with
the principles of sustainable development are still necessary for the development of these areas (Lencsésova,
Gajdosik and Gucik 2015).

Therefore, we agree with Paunovi¢ and Jovanovi¢ (2019), that it is necessary to put a special empha-
sis on exchange of best practices and improvement of the quality of all sustainable tourism elements from
other countries.
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