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Abstract

The landscape of Mlynky Village, situated in the north–northwest part of Pest County, is
characterized by preserved areas of historical cultural landscape and monuments, which
were created or rebuilt mainly by Slovak colonists’ activities. The aim of this study was
the cultural–ecological characterization of the Slovak enclave Mlynky territory and the
reconstruction of the land use (historical land use), with an emphasis on the period from the
mid-18th century (from the founding of the village on the land of the Pauline monastery)
to 2022. We used the findings on land use changes to develop an integrated landscape man-
agement approach, which we present as two framework proposals. They aim to coordinate
the development of anthropogenic activities in the present while preserving the cultural–
historical potential of the studied area (rescue, revitalization, and protection of selected
landscape archetypes) since the natural beauty and historical values of the landscape of
the studied area have been protected since 1997 by the legislation of the Danube–Ipoly
National Park. The research results also confirm the importance of natural driving forces
that played a fundamental role in cultivating the local landscape during the period under
study. This fact is reflected in the relatively small areas with high anthropogenic use (arable
land and permanent grasslands).

Keywords: cultural landscape; Slovak enclave; Hungary; development; land use; management

1. Introduction
Land use changes resulting from natural or anthropogenic processes are a continuous

cycle worldwide. They always depend on the magnitude of the driving force acting on the
(historical) landscape in a younger period (earlier developmental stage), which is related
to the intensity of the overlap of older layers. The intensity of the overlap determines
the extent to which the oldest historical landscape in the studied area is preserved. If
the driving forces are anthropogenically influenced or are of an anthropogenic origin, a
cultural landscape is created in a given area. The historical cultural landscape can be stable
or relatively stable if the younger driving forces are weaker, less intense, or almost zero.
Stable cultural landscapes created in the earliest possible history represent an important
heritage of human society.

The landscape of the municipality of Mlynky (Hungarian: Pilisszentkereszt) in the
northwest of Pest County is a great example. It is characterized by preserved areas of
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historical cultural landscape and monuments that were created or rebuilt primarily by the
activities of Slovak colonists.

The study presents the cultural–ecological and geo-ecological characteristics of the
territory of the municipality of Mlynky and documents or reconstructs the use of areas of
the local landscape (historical land use), with an emphasis on the period from the mid-18th
century (the founding of the municipality by Slovaks and probably also several Moravians
from Santov on the lands of the Order of St. Paul the First Hermit) to 2022. The development
of historical land use is visualized using thematic maps (from 1783, 1841, 1886, 1941, 1960s,
and 2021), a table with the extent of land-use classes, and a scheme.

Proposals for integrated landscape management complement the research results, the
aim of which is to harmonize the development of anthropogenic activities at present while
preserving the cultural–historical potential of the studied area (rescue, revitalization, and
protection of selected landscape archetypes) since the natural beauty and historical values
of the mountainous landscape of the studied area have been protected by the legislation of
the bilateral Danube–Ipoly National Park since 1997.

2. Study Area
This research and study aimed to evaluate changes in land use and the stability of the

historical (cultural) landscape from the mid-18th century to 2022, harmonizing the devel-
opment of anthropogenic activities while preserving the cultural–historical potential of
the studied area and selected landscape archetypes. The studied historical rural landscape
represents the cultural heritage of the Slovak ethnic group in a country inhabited by the
dominant autochthonous Hungarian population of the then-Hungarian Kingdom.

The studied area, with an extent of 1711 ha, is represented by the municipality of
Mlynky, which is located approximately 26 km northwest of Budapest. Administratively, it
belongs to the Szentendre District of Pest County (Figure 1). It is located at the junction of
the Pilis Mountains (Hungarian: Pilis) and the Visegrád Mountains (Hungarian: Visegrádi
hegység). These morphostructures form the mountain rim of the Mlynky Basin (Hungarian:
Piliszentkereszti-medence), which is opened along the Hlboký stream (Hungarian: Kovács-
patak or also Dera-patak) to the southeast by the breakthrough valley of Szurdokvölgy [1,2].

Figure 1. Location of the studied area. Author: B. Hrončeková Gregorová, 2025.

The Pilis Mountain massif (Figure 2) in the Mlynky area is built of limestones, while
the Visegrád Mountains (Figure 3) are built of andesites, dacites, and their volcaniclastics
(tuffs and tuffites). The basin is covered with loess and loess clays [3,4].



Urban Sci. 2025, 9, 357 3 of 23

 

Figure 2. Pilis Mountain massif, view from the east (756 m a.s.l.). Author: P. Chrastina, 2022.

 

Figure 3. Visegrád Mountains and Mlynky Basin, view from the west. Author: P. Chrastina, 2022.

The erosion–denudation georelief of the basin is slightly undulating. The fluvial geo-
relief here is represented by the floodplain of the Hlboký stream cut into the loess bedrock.
Several cave systems are underground in the Pilis Mountains and the Szurdokvölgy Gorge.
Quarries and settlement terraces represent the anthropogenic georelief in the Mlynky area.
In the mountainous landscape of the Visegrád Mountains, there are also dikes and low
stone walls (rúny) created by collecting and depositing stones from fields and vineyards [5].

From the point of view of climatic and geographical typification [6], the southeast
of the studied area occupies an area of a moderately warm basin climate with a large
temperature inversion. It is moderately dry, with an average annual temperature of 9.5 ◦C
and an annual precipitation of about 500 mm. Pilis and the Visegrád Mountains belong to
the warm, respectively moderately warm (highest positions above 600 m a.s.l.) mountain
climate with a slight temperature inversion. The climate in the mountains is humid, with
an average annual temperature of 8 to 9 ◦C and a total precipitation of 600–700 mm [1,2,7,8].
The number of days with snow cover is unstable and corresponds to the weather in winter
when hoarfrost also occurs [9]. Pilis and the Visegrád Mountains’ location and altitude
affect air masses’ movement over the studied area, which lies in the precipitation shadow
of specific morphostructures [5]. This phenomenon reflects the overall more arid (drier)
nature of the local climate.

The Hlboký stream with a rain–snow runoff regime drains the studied area. It reaches
its maximum water level in February to April and its minimum in September [10]. During
more extended periods without precipitation, it has little water, and in the Szurdokvölgy
Gorge, it even dries up (its waters seep through the weathered limestones to the depth). The
groundwater, which is formed in the limestones of the Pilis Mountains, is hard. The yield of
numerous karst springs, e.g., Klášterová studienka (Hungarian: Klastrom-kút) or Golvavá
studienka (Hungarian: Golyvás-kút), fluctuates. Several fissure springs with groundwater
from the volcanic rocks of the Visegrád Mountains also spring up in the municipality. Their
yield varies and depends on the size and permeability of specific fissures. The well-known
ones are Tri stoky (Hungarian: Hármas-forrás), Studená studienka (Hungarian: Hideg-
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f.), Chylová studienka (Hungarian: Kanyargos-f. or Chilló-kút), and Liesková studienka
(Hungarian: Szent-k.). The groundwater from these sources is soft and characterized by a
low content of mineral substances [5,11].

The landscape of the municipality of Mlynky is mainly covered by loamy soils with
a humus content of 1.6 (mountain area) to 2.5% (basin). In the basin, luvisems and small
areas of pseudogleys are widespread on loess and loess clays. Fluvisems and gleys have
developed on the floodplain of the Hlboký stream. In the built-up part of the village are
anthropogenic soils, cultisols, and anthrosols [12,13]. The soil types of the mountain rim
of the studied area are represented by skeletal rendzinas (Pilis) and Cambisols (Visegrád
Mts.) [14].

The real (current) vegetation of the mountain landscape of the studied area is repre-
sented by anthropogenically influenced oak and oak–hornbeam forests with an admixture
of beech. These are partly young forests (potentially with pasture forest relics) created by
human economic activity in the 19th to 20th centuries. Specifically, the stands are charac-
terized by a higher proportion of hornbeam (a result of selective logging of oak) and the
occurrence of non-native tree species, white locust (Robinia pseudoacacia), or sweet chestnut
(Castanea sativa). In the past, deforested areas were covered by a mixed stand of conifers
(so-called moors and firs) with Scots pine (Pinus sylvestris), spruce (Picea excelsa), silver fir
(Abies alba), and deciduous larch (Larix decidua). Selected areas are covered by a patchwork
of hanging birch (Betula pendula) [5].

The basin is home to widespread vegetation of anthropogenic or anthropogenically
influenced biotopes. In addition to field crops, extensive weed growth, scrub (black
elderberry—Sambucus nigra, common lilac—Syringa vulgaris), and various synanthropic
trees (e.g., acacia and Canadian poplars) can be found here.

The natural beauty and historical values of the mountainous landscape of the studied
area have been protected within the Danube–Ipoly National Park (Hungarian: Duna–Ipoly
Nemzeti Park) since 1997.

3. Materials and Methods
This issue’s interdisciplinary nature reflects the diversity of sources and specific

working methods. The chosen procedure aligns with the study’s objectives and consists of
several directly related and simultaneously implemented steps or stages (Figure 4).

 

Figure 4. Schematic representation of theoretical and methodological research and work procedures.
(Source: authors’ research).

The heuristics of the information database, or, rather, the critical analysis of archival and literary
sources, led to the creation of a background literature review on the topic under study using
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the bibliometric method [15–17]. Geographers and landscape ecologists mainly address
the issue of long-term changes in the landscape or its specific components, e.g., Fescenko,
Nikodemus, and Brūmelis [18]. An integrated (interdisciplinary) approach to the historical
land use of Slovak enclaves in Hungary, Romania, and Serbia was applied by M. Boltižiar,
P. Chrastina and J. Trojan [19], P. Chrastina [20–22], P. Chrastina and M. Boltižiar [23,24],
P. Chrastina et al. [25], P. Chrastina, J. Trojan, and P. Valášek [26], and P. Chrastina, K.
Křováková, and V. Brůna [27].

As for the studied area, the nature, history, and cultural aspects of the Mlynky area
were processed by Papuček [5]. The characteristics of selected components of the natural
environment are based on the works of Frisnyák [28], Haas et al. [3], Šomšák [29], and other
authors and obtained from thematic maps in atlases. Other titles describe the specifics
of settlement of the built-up and non-urban areas of the municipality in the modern
era [30–34], the historical road network [35], the history of the extinct monastery [36–38],
and the use of forests in the Pilis region during the Middle Ages [39]. When working
with the literature and maps, we applied methods of historical–geographical research (critical
analysis, evaluation, comparison, and interpretation).

We carried out historical and semi-stationary field research using the observation
method. An essential aspect of the topic’s processing involved the methods of historical
research, particularly critical analysis of historical sources, as well as deductive and compar-
ative historical methods. After conducting historical research, we continued in the summer
of 2022 with extensive field research of the historical landscape [40–46]. Its goal was to map
land use in the Mlynky area (by plotting the use of areas in a satellite image from 2021)
and identify areas of the historical cultural landscape. The field research also included the
production of authorial photo documentation.

Research on map materials, their identification, content analysis, georeferencing, and vectoriza-
tion was carried out. Old maps and satellite photographs were used to reconstruct historical
land use (Table 1). These documents are digitized on https://maps.arcanum.com/en/
(accessed on 8 May 2025) and the Google Earth Pro web application (satellite images from
2021 or 2022).

Table 1. Cartographic sources and their characteristics.

Cartographic Source Map Sheet Number Scale Year

I. Military mapping Coll. XIII. Sectio XIII.
Coll. XIII. Sectio XIX. 1:28,800 1783

II. Military mapping
Section 48. Colonne XXXI.
Section 49. Colonne XXXI.

Section 49. Colonne XXXII.
1:28,800 1841

Cadastral map 1:2880 1886

Topographic map of military mapping 1:75,000 1941

Orthophoto map
(satellite image) Approx. 1:75,000 1960s

Orthophoto map
(satellite image) Approx. 1:75,000 (28 May 2021); update

(19–24 June 2022)

Digitization, analysis, and visualization of maps and orthophotography images were carried
out in a computer environment of geographic information systems (ArcMap 10.4, ESRI
program). Following G. Timár et al. [47,48] or G. Timár and S. Biszak [49], the initial
georeferencing of maps was carried out in the WGS84 geographic coordinate system. As
part of the actual digitization, the maps were reprojected into the S-JTSK coordinate system,

https://maps.arcanum.com/en/
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in which quantification (calculation) of the area was also carried out [50]. A 2021 digital
satellite image from the Google Earth Pro application was modified similarly.

For the purposes of a correct comparison of individual periods (1783, 1841, 1886, 1941,
1960s, and 2021), the current border of the Mlynky municipality was inserted into each
map section to enable a comparative analysis of the maps and to evaluate the factors and
conditions determining changes in the landscape structure of the studied territory [51]
(Figure 5).

 

Figure 5. The research area in historical maps in selected time horizons. (Source: http://mapire.
eu/en/map/ (accessed on 28 May 2021); https://maps.arcanum.com/en/map/corona-hungary/
(accessed on 28 May 2021); Google Earth https://earth.google.com/web (accessed on 28 May 2021).

http://mapire.eu/en/map/
http://mapire.eu/en/map/
https://maps.arcanum.com/en/map/corona-hungary/
https://earth.google.com/web
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Comparative analysis of cartographic sources was performed. In ArcMap 10.4, land-use
classes (LUCs) were identified on each georeferenced digital map, and their area was
calculated (excluding line layers of watercourses and roads). The comparative analysis
yielded historical land use maps (1:25,000), illustrating the use of the local landscape across
six periods from 1783 to 2022.

The scale of the 1941 military map and satellite images was smaller than the resulting
land use classification on thematic maps. Therefore, their content was generalized.

The multitemporal analysis studied the dynamics of LUCs in the ArcMap 10.4 environ-
ment. It assessed the development of LUC areas by statistically processing historical land
use areas (numerical and graphical analysis).

Interpretation of the development of historical land use served as a tool for protecting and
preserving historical cultural landscapes. The geoecological and cultural–ecological character-
istics and an analysis of land use development contributed to the formulation of framework
proposals for managing the cultural landscape of the municipality of Mlynky. These pro-
posals aim to protect, stabilize, and preserve the area as a historical heritage site for Slovaks
in Hungary. Since 1997, Mlynky has been part of the bilateral Danube–Ipoly National Park.

4. Results
4.1. Cultural–Ecological and Geo-Ecological Characteristics of Studied Area

Alongside farming on arable land, forestry, and quarrying stone for construction, lime
production was significant to the economy of the village of Mlynky. Papuček [5] writes that
limestone for lime production was obtained, for example, from a quarry in the Hloh massif
(Hungarian: Som-h., 412 m a.s.l.), where round limekilns, so-called “pécky”, were built.
Only one kiln at the mouth of the Szurdokvölgy valley, located at the confluence of the
Léskový and Hlboký streams, has survived to this day. This kiln was built near a limestone
wall quarry.

Local masons used andesite from quarries in the Chotárna skala area and its sur-
roundings as a building material. This rock forms the masonry of houses and historical
architecture in the village (church and ruins of a medieval monastery). Andesite volcani-
clastics (tuffs) used to construct the monastery church were quarried in the broader vicinity
of the village in the Visegrád Mts. Earlier (until the first half of the 20th century), there
were clay deposits in various parts of the non-urban area. Clay was sourced from them for
plastering the ovens and walls of rural houses [5].

The features of the georelief of the studied area largely influenced (and still do today)
the character and intensity of anthropogenic activities in the local landscape. For this reason,
the oldest part of the built-up area, with houses, gardens, and arable land, is spread over
the basin’s dry (drier) areas. The sunny slopes of the Visegrád Mountains in the Kopanica
locality were covered with vineyards. The foothills of the mountain rim of the studied area
were partially deforested, and there were low-yielding fields with stony soil threatened
by erosion.

The oldest phase of colonization of the Mlynky area by Slovak ethnic groups correlates
with the cold period of the Fernau oscillation (the so-called Maunder minimum) [52].
Despite the unstable climate, relatively large parts of the studied area were used as arable
land and vineyards. The leeward position of the basin part with a drier mesoclimate was
suitable primarily for cereals, rye, barley, oats, and wheat. Bundles of long rye (wheat)
straw were used to cover the roofs of houses in the 19th century, and baskets were woven
from them in winter. Villagers grew various vegetables on the arable land, as well as
potatoes, hemp, and pumpkin [5]. Legumes were represented by beans, lentils, peas, and,
more recently, chickpeas. Cabbage was an important part of the traditional diet of the
inhabitants of Mlynky.
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Water resources influenced the development of anthropogenic activities in the local
landscape. The relatively low water content of the Hlboký stream throughout the year is
reflected in its name “rivulus Mélly patak” (lat. little stream Mlynský potok) on the map
from 1771 [53]. Despite the small amount of water, mills for grinding grain were built
on its banks. Ponds for water retting were dug near the stream, where hemp tied into
sheaves was soaked [5]. In many places in the area’s non-urban parts, water springs were
collected in wells (Figure 6). Liesková studienka even became a pilgrimage site with special
genius loci.

 
Figure 6. Kláštorná studienka (left) and Liesková studienka (right). Author: P. Chrastina, 2022.

The agricultural soil fund in the basin consists mainly of loamy luvisols. These soils
are the most fertile in the studied area, but their fertility is only average [13]. In addition to
cereals, cabbage (historical site: Kapusnice) and hemp (formerly Konopnice) were grown
on luvisols. Humans used the low-productive pseudogleys in the ravines as fields or
grasslands, which were later (apparently in the second half of the 20th century) overgrown
with bushes.

Pastures developed in the wetter areas of the floodplain soils. Enclaves of submontane
floodplain forests influenced by anthropogenic factors covered heavy, clayey luvisols on
the banks of watercourses.

Humans created anthropogenic soils in the gardens and courtyards of family houses
in the past. These soils are usually more fertile than the natural soils of the luvisol and
cambisol types. Vegetables, fruit trees, decorative vegetation, and synanthropic invasion
species grow on anthrosols and cultisols.

Expanding the field areas to the slopes of Pilis and Visegrád Mts. solved the problems
of low plant yields and relative overpopulation in the studied area. Erosion limited the
sustainable use of skeletal rendzinas and cambisols in the mountainous landscape. At the
beginning of the 21st century, rendzinas and cambisols were important forest soils.

The activities of the population colonizing the Mlynky area during the 18th century
also influenced the structure of the local forests. The so-called “wandering logging” was
oriented toward oak, and less toward ash. Roundwood or lumber from these trees was used
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in construction, producing work tools (ash), technical equipment for mills, etc. Other types
of trees, e.g., hornbeam, elm, or beech, provided firewood (for households or the production
of quicklime in kilns), and charcoal was produced from them. Parts of the logged areas
were covered by Scots pine, while others began to be used as extensive meadows and
pastures. In the last century, conifers (spruce, pine, larch, and fir) were planted in the
Dedinské, Jama, and Dubiny localities, forming connected stands of moors and firs. Even
earlier (the 19th century), thanks to human introduction, white locusts and sweet chestnuts
appeared in the forest landscape.

After the declaration of the Danube–Ipoly National Park in 1997, forest communities
have fulfilled a protective and eco-stabilizing function. Protection of nature and landscape
also encompasses wild animals whose populations are not regulated. Overpopulated
ungulate game damages arable land, young fruit trees, and crops in fields and home
gardens without fencing. Crop cultivation in the basin (located in the protective zone of the
NP) is, therefore, limited to plots on the edges of the built-up area (Odpotočné role) and
fenced land in the village.

4.2. Land Use Development of Studied Area from Mid-18th Century to 2022

The region’s economic revival occurred after the liberation of Esztergom in 1685 and
Buda in 1686 from Turkish rule, followed by the signing of the Peace of Karlowitz in 1699.
In the late 1840s, the Pauline order acquired the deteriorating property of Pilis Abbey [5,36].
The income from the acquired property ensured the renewal of the extinct settlement and
the intensification of land use in the advanced stage of succession.

The settlement of the Sub Monte Pilisiensi site (lat. Pod Pilišom, or Pod Pilišskou
horou) by ethnic Slovaks and possibly Moravians from the neighboring Santov occurred by
1747 [5,54]. As part of internal colonization, six families (four peasants with livestock and
two lodgers) moved to the lands of the monastic order. A year later (1748), fifteen families
lived here; there were twenty in 1752. In the following period, the village was settled by
Slovaks from the Trnava area in the Bratislava Stool and the territory of the Nitra Stool.
One hundred families (including Germans) lived there in 1760 [30–32].

The first (and possibly the second) generation of colonists lived in makeshift huts [5],
which were gradually replaced by clay architecture on a stone foundation. The material for
the foundations of the houses (and probably also for the chapel) was obtained from the
remains of the ruins of a medieval Cistercian monastery [36].

The ploughshare and bunch of grapes on the municipal seal from 1758 confirm that
the main occupation of the inhabitants of the settlement of Sancta Crucem, or also Sancta
Crux (Slovak: Svátý Kríž; Hungarian: Szent-Kereszt), was farming and working in the
vineyard. Areas with arable land (marked in yellow and hatched in Figure 7) were mainly
in the basin, extending to the mountain slopes’ foothills. The area of the former monastery
complex (marked on the map as Rudera; Latin: ruin) was potentially used as a meadow or
pasture. In addition to vineyards, permanent crops were represented by home gardens in
the urban area. During this period, Mlynky, or Sancta Crux, was developed as a stream-side
terraced village with houses located on both sides of the Hlboký stream and the street
(today Slovácká ulica, or Kossuthova ulica). The intensively used areas in the hinterland of
the rural settlement were surrounded by the forests of the Pilis and Visegrád Mountains
with a network of field roads (Figure 7).

Selected data from the Theresian Land Register allow us to outline the historical land
use of the studied area in 1770. The landowner of Mlynky was the Pauline monastic order
at the Pest convent. The village consisted of 5.63 serf estates with an area of 444 acres
(approximately 177.6 ha). According to the URBARIUM of 1767 online database [56], there
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lived 34 peasants (vilinus), 49 lodgers (inquilinus) with a house and a small plot of land,
and 11 propertyless (subinquilinus).

 

Figure 7. The landscape of the village of Szent Kereszt is depicted on a map from 1750. Source: [55].

Although the Theresian Land Register of Mlynky mentions two stream mills, a tavern
and a slaughterhouse, it does not mention vineyards. In addition to indirect evidence from
the municipal seal, vineyards are confirmed by the 1770 Census, when they reached an
area of 39 1/2 acres, i.e., 13 ha. The report on the area of the scattered settlements on the
Szent Kereszt property (1773), in turn, states 192 3/4 acres (approximately 77.1 ha) of land
in the rugged terrain of the mountain slopes [5]. In addition to the above sources, the view
of the contemporary use of the land is complemented by Ball’s map from 1771 (Figure 8).
According to this cartographic source, the houses with the church and cemetery in the
Possessio Szent Kereszt (lat. Majetok Svátý Kríž) are concentrated along the road (Main Street)
from Santovo. The development of the street near Hlboký stream has, meanwhile, become
a secondary urban axis of the rural settlement, which, from a morphogenetic aspect, is
represented by the road village. Several objects are also visible in the back of the farmyards,
which were used as gardens, probably farm buildings (barns). Grasslands (marked in
green) spread around the urban area, which continued along Slovácká Street to Hlboký
stream. Three mills worked on the small watercourse Rivulus Mélly Patak (Latin: Riečka
Mlynský Potok) below Slovácká Street (two of them were built on a mill flume). The area
with the remains of the “ruins of an old monastery” (Rudera antiqui Claustri) northwest of
Mlynky was also used as meadows and pastures. The locals potentially used the crafted
stonework from the vanished building to construct their dwellings [36].

The fields (marked in brown) were mainly located in the basin, from where they
extended to the foothills of the adjacent mountains. Deciduous forest covered the steep
slopes of the Pilis and the Visegrád Mountains.

Using computer digitization, we processed the visualization of land use changes in
the studied area from 1783 to 2022. The obtained results are documented by six map
outputs from individual time horizons in Figure 9. The dynamics of these changes are
approximated by Table 2 and Scheme 1 with the areas of land-use classes (LUCs) and their
relative representation (in %) in the relevant year or time horizon. The analysis of the
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results allows for a detailed discussion and formulation of conclusions to create proposals
for integrated landscape management.

 

Figure 8. The landscape of the municipality of Szent Kereszt is depicted on a map from 1771.
Source: [53].

Figure 9. Computer visualization of the historical land use of the studied area in selected time
horizons. (Source: http://mapire.eu/en/map/ (accessed on 8 May 2025); https://maps.arcanum.
com/en/map/corona-hungary/ (accessed on 8 May 2025); Google Earth https://earth.google.com/
web (accessed on 8 May 2025).

http://mapire.eu/en/map/
https://maps.arcanum.com/en/map/corona-hungary/
https://maps.arcanum.com/en/map/corona-hungary/
https://earth.google.com/web
https://earth.google.com/web
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Table 2. Land-use classes of the studied area from 1783 to 2022.

Land-Use
Classes (LUCs)

1783
Ha–%

1841
Ha–%

1886
Ha–%

1941
Ha–%

1960s
Ha–%

2022
Ha–%

Forests, woodland,
and shrubs 1134.6–66.2 1160.5–67.7 1185.0–69.3 1288.9–75.3 1293.9–75.6 1265.8–74.0

Permanent grasslands 23.3–1.4 241.7–14.1 219.0–12.8 128.4–7.5 73.4–4.3 44.8–2.6

Fallow lands on
perman. grass. X X X X X 53.9–3.2

Arable land 413.9–24.2 255.9–15.0 230.5–13.5 219.7–12.8 209.6–12.3 3.2–0.2

Fallow lands on
arable land X X X X X 125.7–7.3

Gardens 8.4–0.5 16.4–1.0 28.0–1.6 42.8–2.5 85.9–5.0 92.7–5.4

Vineyards 122.7–7.2 20.1–1.2 34.9–2.0 8.1–0.5 X X

Built-up area 8.1–0.5 16.4–0.1 13.6–0.8 23.1–1.4 48.2–2.8 124.9–7.3

∑ 1711.0–100 1711.0–100 1711.0–100 1711.0–100 1711.0–100 1711.0–100

Scheme 1. Development of land-use classes of the studied area from 1783 to 2022.

4.3. Analysis of Changes in Land Use of Studied Historical Landscape in Terms of Its Stability

The research results highlight the importance of natural driving forces [57], which
played an important role in anthropogenic exploitation of the local landscape during the
monitored periods. The impact of anthropogenic land use is reflected in its ecological
stability. In Central Europe, ecological stability is most often determined on the basis of
two approaches within landscape ecology research [58–62]:

1. As the ratio of relatively stable and relatively unstable areas;
2. Based on the area of landscape elements, taking into account their landscape–ecological

significance.

In our research, emphasis is placed on the objectivity of the assessment of the ecological
stability of the landscape resulting from the degree of anthropogenic transformation of
individual landscape elements (first approach). Therefore, the ecological stability is assessed
based on two indicators: the coefficient of anthropogenic influence of the local landscape
(Cai) and the coefficient of cultural landscape originality of the studied area (Cclo). The
Cai coefficient represents an assessment of the intensity of human impact on the landscape
and its development. For this purpose, the Cai was defined as the ratio of areas with
high intensity of use, or high anthropic pressure, to areas with lower intensity of use [63].
It takes values from 0, with no upper limit. Value 1 is achieved when both types of
areas are in balance. A value higher than 1 means that areas with a high intensity of
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anthropogenic use (H) (arable land, settlements, built-up areas, and arable crops) prevail.
In the case of a predominance of less intensive areas (L) (forest, permanent grasslands,
water area, alternatively also woodland and shrubs, and wetland), the coefficient value
approaches 0 [64]. The coefficient Cclo expresses the ratio of relatively positive (forest and
permanent grasslands) and relatively negative landscape elements (arable land) [65]. If this
ratio exceeds a value of 1, the landscape is stable, and conversely, the closer it approaches
0, the landscape becomes unstable [66]. A similar methodology was successfully applied
in the research of another Slovak enclave in Hungary, the municipality of Čív, located
in Komárno-Esztergom County [67]. The calculation, study, and interpretation of both
coefficients allowed us to derive the following trends and specifics regarding the historical
land use of the municipality of Mlynky.

Forests, woodland, and shrubs (WaS). Thermophilic oak forests, or oak forests with
an admixture of beech and stands of invasive trees and shrubs, covered approximately 66%
(1134.6 ha) of the studied area in 1783. From the first period until the 1960s, the analyzed
land-use class area gradually increased to approximately 1294 ha (75.6%). In 2022, the area
of forests and WaS reached approximately 1266 ha (74%), representing an increase of less
than 10 percentage points compared with the first period (Table 2, Scheme 1).

The continuous increase in the area of forest and WaS is mainly related to the phe-
nomenon of succession of arable land, permanent grassland (PG), and vineyards not used
by humans, and the planting of non-native trees (white locust and various conifers) into
the landscape in the 19th and 20th centuries. These factors compensated for the decrease
in forest areas in the sites of Chotárna skala, or Dobogóš, Trniny, Kopanica, Kohútí vrch,
Podpilíšné role, Role pri Novéj kalvárii, Role Za pecáma, etc. After 1997, the nature and
landscape protection aspect in the Danube–Ipoly national park territory, and mainly its
protection zone, created the so-called “social fallow land” with WaS (Figure 9).

The gradual expansion of the forest area, but especially the expansion of WaS on
agricultural land areas, was fundamentally important in explaining the low values of the
coefficient of anthropic influence of the local landscape (Cai). The coefficients of originality
of the cultural landscape of the studied area (Cclo) indicate its high ecological stability with
a minimal share of relatively negative elements (Table 3). The significant increase in the
Cclo coefficient in 2022 (up to 409.6) was caused by several factors. During the monitored
periods, crop production in the studied area was limited by natural conditions, namely, the
steepness of the mountain slopes, the local climate, and soil fertility. After the Danube–Ipel’
National Park was established in 1997, most of the available arable land areas ceased to
be used and began to be overgrown with invasive woody plants. By 2022, this trend had
resulted in a decrease in the area of fields, permanent grasslands, and vineyards, or in the
succession of these areas by forests and woodland and shrubs.

Table 3. Development of Cai and Cclo coefficients in 1783–2022.

Coefficient 1783 1841 1886 1941 1960s 2022

Cai = H
L 0.5 0.2 0.2 0.2 0.3 0.2

Cclo = forest+PG
arable land 3.1 5.5 6.1 6.5 6.5 409.6

Permanent grasslands (PGs). In the first-time horizon, floodplains of watercourses
were used as meadows and pastures (Map No. 1 in Figure 9). In 1783, their area reached
23.3 ha (approximately 1.4% of the area of the studied region). By 1841, the area of land-use
class had more than doubled to 241.7 ha (14.1%). This significant increase is related to
the deforestation of areas in the mountainous landscape and their transformation into
permanent grassland (Chotárna skala/Dobogóš) or the grassing of eroded fields in the
basin, which were used for hay collection or as pastures (Map 2 in Figure 9). In the third
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period (1886), the areas of monitored land-use class decreased by only 1.3% (or 23 ha) with
a total area of 219 ha. By 1941, however, the area of meadows and pastures had decreased
by as much as 58% (128.4 ha). This phenomenon is probably related to the low numbers of
cattle and other livestock in Mlynky and the transformation of selected areas of permanent
grasslands into forest and woodland and shrubs, or residential development and home
gardens. The trend of reducing the area of permanent grasslands accelerated in the 1960s
when another 57% of the areas were afforested and built up. After Hungary joined the
European Union (EU) in 2004, most of the meadows and pastures in the non-urban area
ceased to be used, and fallows were created on the affected plots. In 2022, a specific land-
use class (area of 44.8 ha) was represented in sites such as Odpotočné role and Klášter
(Figure 10, Table 2, Scheme 1).

 

Figure 10. Grasslands on luvisols (Odpotočné role). Author: P. Chrastina, 2022.

The development of Cai and Cclo in Table 3 shows that meadows and pastures
played an important role in maintaining the ecological stability of the Mlynky area’s
landscape. Fallows on permanent grasslands and other less intensive land-use classes fulfil
this function nowadays.

Fallow lands on permanent grasslands. In 2022, they covered an area of less than
54 ha, about 3.2% of the studied area (Table 2). Maps no. 5 and 6 in Figure 9 show that the
succession of permanent grasslands on the slopes of the Visegrád Mountains and Pilis near
the urban area formed this extensive LUC.

Arable land. According to Table 2, in the first period (1783), the area of fields reached
almost 414 ha (24.2% of the studied area). The areas of luvisols in the basin, or rendzinas
and cambisols on the mountain slopes, were used as arable land (Map 1 in Figure 9). By
1841, the area of arable land managed by the three-field system had decreased by 61%
to 255.9 ha. This phenomenon is primarily related to the grassing of eroded fields on
the slopes of the mountains (Map 2 in Figure 9). Despite the gradual introduction of the
alternating system of arable land management, a further decrease in the area of fields by
approximately 25.5 ha (1886) and 36 ha (1941) can be observed in the second half of the
19th century until 1941 (Maps 3 and 4 in Figure 9). This trend continued in the 1960s (a
decrease of 46 ha compared with 1841). Natural conditions, the inclination of the mountain
slopes, the local climate, and soil fertility limited the development of crop production in the
studied area. After the declaration of the Danube–Ipoly NP in 1997, most of the available
arable land areas ceased to be used and became overgrown with weeds (Map 6 in Figure 9).



Urban Sci. 2025, 9, 357 15 of 23

Such a land use pattern also corresponds with the EU agricultural policy, which emphasizes
extensive land use in foothill and mountain areas.

The area of the LUC in question influenced the originality and anthropic load of the
local landscape, especially in 1783. Since then, the area of arable land has been decreasing.
At first, it was a gradual trend from the second half of the 19th and 20th centuries, which
was replaced by an extreme decrease in arable land areas at the turn of the millennium
(Scheme 1). These changes, caused by the action of natural and social driving forces of the
local landscape development, are also reflected by the Cai and Cclo coefficients in specific
periods (Table 3).

Fallow lands on arable land. In 2022, the specific LUC had an area of approximately
126 ha (about 7% of the studied area) (Table 2). Fallow lands on arable land were created
by transforming field areas by succession after establishing the Danube–Ipoly NP in 1997.
From a spatial point of view, this mainly concerns the western part of the basin landscape
and the foothills of Pilis (Maps 5 and 6 in Figure 9).

Gardens and vineyards represent arable crops.
The development dynamics of garden plot areas correlate with the area of village

buildings within the built-up area. We also integrated into this LUC the landscaped areas of
the recreational area Chotárna skala with park planting on the northern edge of the studied
area (Figure 9). The given LUC in 1783 covered 8.4 ha. By 1841, its area had increased to
16.4 ha. In the third and fourth periods (1886 and 1941), the area increased to 28 ha and
42.8 ha. In 2022, the gardens were mapped on an area of 92.7 ha, more than 11 times the
area of the specific LUC in the first period (Table 2, Scheme 1).

In the first time horizon (1783), the vineyards were spread on the sunny slopes of the
Visegrád Mts. (Map 1 in Figure 9). The large area of the LUC (122.7 ha) indicates that the
village type of viticulture was intensively developing in Mlynky in the last quarter of the
18th century. During the 19th century, the areas of vineyards with solitary fruit trees with
quince and chestnut in the sites of Švábské vinohradi (Trniny) and Kopanica significantly
decreased: 20.1 ha in 1841, or less than 35 ha in 1886 (Maps 2 and 3 in Figure 9). According
to [5], grape phylloxera (Viteus vitifoliae) destroyed most of the vineyards. Vineyards were
last included in the landscape structure of the studied area in 1941; at the Kopanica site,
they were mapped on an area of 8.1 ha (Map 4 in Figure 9). From the 1960s to the present
(2022), parts of the affected land became part of the village urban area with houses and
gardens or were covered by succession. Small areas have been preserved only at the site Ge
stud’jénke (Kopanica) (Figure 11). The development of vineyard areas is shown in Table 2
and Scheme 1.

Except for the first period (1783), the areas of permanent crops were relatively small,
which did not significantly influence the low values of the Cai coefficient in subsequent
time horizons (Table 3).

Built-up area. The area of the LUC during individual periods corresponded to the
development of the population of Mlynky (Schemes 1 and 2). In 1783, the built-up area
covered 8.1 ha. From a morphogenetic aspect, the village of Szt. Kerest, which had been
settled by a larger group of Germans two years earlier [5], developed as a road village. The
central urbanization axis of the rural settlement was formed by the Hlavná Street (Map 1
in Figure 9). Despite the high infant mortality rate, the local community population was
characterized by a high natural increase. That is why in the following period, the area of
residential development increased by more than 100% to 16.4 ha (Map 2 in Figure 9). At the
same time, another urbanization axis was created along Pomázská and Chotárná Streets. In
1886, a minor decrease in the area of Mlynky (13.6 ha) can be observed, which is potentially
related to the fire in 1867 [5].
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Figure 11. Abandoned vineyard at the site Ge stud’jénke (Hungarian: Kakas-h. szölők). Author: P.
Chrastina, 2022.

 
Scheme 2. Development of the village of Mlynky population in the 18th to 21st centuries. Source:
compiled by authors according to [5,68].

The economic effect of lime burning, charcoal production, and timber harvesting [30],
as well as the alternating system of farming on arable land, was manifested in the first half
of the 20th century, among other things, by an increased rate of natural increase, which
increased the number of inhabitants of the village (Scheme 2). The factors led to a nearly
doubled built-up area, reaching 23.1 ha by 1941. New construction affected areas of arable
land, permanent grasslands, and unproductive vineyards destroyed by the phylloxera
crisis. An interesting feature of Mlynky from this period is the common yards oriented
perpendicular to the street (mostly on Hlavná Street), created by the gradual addition of
dwellings in depth (Figure 12). Companions (společníci), members of the original extended
family, inhabited individual houses. The poverty of the villagers prompted the specific
housing solution.

Map 4 in Figure 9 shows the recreational area with tourist shelters and cottages on the
permanent grassland areas in the Chotárna skala area, which were built here from the end
of the 19th century. The Budapest branch of the Hungarian Tourist Association initiated
the construction of recreational facilities (hotels and cottages).
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Figure 12. The houses of companions (společníkov) in a typical yard. Author: P. Chrastina, 2022.

In the 1960s, the residential development area reached 48.2 (2.8%). New buildings,
renovated buildings, and hotels in the Dobogóš/Chotárna skala area represented part of
this area. In 2022, the area of the studied LUC was 124.9 ha (7.3% of the studied area).
Development areas for a new housing project in Mlynky utilized primarily the sloped
terrain of the Visegrád Mts., which consists of former vineyards, meadows, and pastures.
The construction of gardens or plots of arable land also resulted in the densification of
the existing architecture in the basin part of the urban area. At the beginning of the new
millennium, the village was developing as a quasi-compact settlement with two main
urbanization lines. From a morphogenetic point of view, it was a road village. At the same
time, the arrangement and orientation of the streets respected the specifics of the georelief
of the local landscape, which lies at the contact of the Visegrád Mts. and the basin.

5. Discussion
Small areas of LUC with a high level of anthropogenic use (arable land and permanent

crops) point to the importance of natural driving forces [57], which played a fundamental
role in cultivating the municipality of Mlynky’s landscape during the monitored periods.

The dynamics of the forest, woodland, and shrub areas from 1783 to 2022 illustrate
the synergistic effects of sustainable management on the slopes of the Pilis and Visegrád
Mountains. Inhabitants left the mountain slopes with a high inclination forested and used
them for logging. At the foot of specific mountain ranges, scattered settlements with fields
and vineyards (Visegrád Mts.) were created during the second half of the 18th century.
The erosion of arable land and the phylloxera crisis accelerated the gradual reforestation
of selected fields and vineyards in the mountainous landscape during the 19th and 20th
centuries. The overall development of the LUC in the studied area is characterized by a
permanent growth of its area (including an extreme increase after the declaration of the
Danube–Ipoly NP in 1997), which was accompanied by the introduction of acacia and
various conifers on the slopes of the Mlynky mountain ridge and in the basin.

Such a development of the forest and woodland and shrubs corresponds to Mather’s
theory of “forest transition” [69], and we have also recorded it in other studied areas,
or Slovak enclaves in Hungary, e.g., Čív [70], Senváclav [71], and Tardoš [25]. All three
mentioned Slovak enclaves, together with Mlynky, were established or colonized by the



Urban Sci. 2025, 9, 357 18 of 23

Slovak ethnic group approximately at the same time. The natural conditions in the studied
enclaves are also similar; all of them are located in the foothills or mountainous (Senváclav)
landscape of the Pilis Mountains and the Visegrad Mountains, which is formed by the
same geological substrate (carbonates, in the case of Mlynky carbonates, and volcanics,
Senváclav volcanics). For comparison, the area of forests in the Čív enclave was only 28.5%
in 1782–1785; in 2019, it increased to 41.5% [70]. In Senváclav, the area of forests in 1780
was up to 64% (the highest within the Slovak enclaves), and in 2009, it even increased to
79% [71]. A slightly different development of forests was observed in the Tardoš enclave.
In this case, however, part of the forests was converted into permanent grassland, i.e., a
category of the land cover class that does not represent arable land [25]. On the contrary,
we observed a significant decrease in the case of arable land in all enclaves. In the years
1782–1785, arable land in the Čív enclave accounted for 56.7% and, in 2017, only 29% [70].
In 1780, the area of arable land in Senváclav was 32.2%, but in 2009, only 0.7% [71]. In the
years 1782–1785, the area of arable land in Tardoš was 44.1% and, in 2017, only 31.2% [25].

According to A. Mather [69], the long-term decline in forest stands was replaced by a
gradual increase in their area in the 19th century. This process is characteristic of peripheral
areas or regions with less favorable natural conditions.

The location and extent of intensive LUCs (arable land, permanent crops, and resi-
dential development) from 1783 to 2022 resulted from the interaction of natural and social
driving forces. In the mid-18th century, the population of Slovak origin (and probably
a few Moravians) began to cultivate wasteland near the ruins of a medieval monastery.
The subjects of the settlers’ land rent were the products of plant and animal production,
cash benefits from land use, and work obligations in favor of the landowner. Unfavorable
natural conditions limited the efficiency of agricultural production in the studied area. The
effect of these influences is reflected in the decreasing area of arable land. An alternative
to the main occupation for a part of the domestic population was working in the forest,
producing lime and charcoal, and selling these commodities. These facts and the natural
population growth supported the expansion of residential development areas within the
built-up area in the 19th century.

A stable cultural landscape as a heritage has become an increasingly sought-after
environment for tourism in this geographical area. At the turn of the 19th and 20th centuries,
a recreational area with tourist shelters and cottages (later with hotels) was created on the
permanent grasslands at the Chotárna skala/Dobogóš site. The trend of increasing the area
of the given LUC in the studied area accelerated during the socialist period and persisted
until the end of the 1990s. There is minimal growth of residential development areas in the
Mlynky area (including Chotárna skala), which reflects the economic aspect of extensive
use and protection of the local landscape.

The methodology used and the results achieved can be applied in basic research when
studying enclaves inhabited by ethnic Slovaks in Hungary and elsewhere. For example,
findings on land use changes and their contexts can be saturated by social practice in
creating integrated landscape management, which we present as framework proposals.
Their goal is to harmonize the development of anthropogenic activities while preserving
the cultural–historical potential and heritage of the studied area.

Proposal No. 1: Preservation of the ecological stability of the local landscape.
The values of the Cai and Cclo coefficients in Table 3 show that the landscape of the

studied area has been stable, even highly stable, since the mid-20th century, with a low
share of intensive LUC. Despite specific natural conditions (the inclination of mountain
slopes, slightly arid climate, and erosion of arable land at the foot of the Pilis and Visegrád
mountains), the first period (1783) is characterized by a balance of areas of intensive
and extensive LUCs. Further land use development is characterized by mitigation (the



Urban Sci. 2025, 9, 357 19 of 23

19th century to the first half of the 20th century) and marginal anthropic pressure on the
landscape (the second half of the last century–2022). The increase in natural and semi-
natural land use areas, primarily forests, woodlands, shrubs, fallows, arable land, and
permanent grasslands, was the reason.

Preserving the ecological stability of the landscape will support the maintenance of
biodiversity, especially in the basin part of the territory of Mlynky municipality. Plots used
as agricultural land in the past were overgrown by succession. For this reason, it would
be appropriate to restore the production function of the local landscape by revitalizing
extensive cattle, sheep, or goat farming in combination with sustainable management on
small areas of arable land, which can effectively compensate for the damage caused by the
forest animals of the Donau–Ipoly NP.

Proposal No. 2: Ensuring the social and cultural diversity of the local landscape.
The cultural landscape of the studied area with LUC areas represents a complex

product, the result of modern colonization by (primarily) Slovak ethnic groups. Parts of
the tangible cultural heritage of Pilišans (i.e., Slovaks from Mlynky) are areas of various
types of organically developed historical cultural landscapes (for more details, see [72])
or landscape archetypes. Their identification and subsequent protection, revitalization, or
sustainable use can support the social and cultural diversity of the local landscape (and
indirectly also the identity of members of the Slovak ethnic group in the municipality).

The remnant of the historical cultural landscape of lime production workshops (or
the archetype of the rural pre-industrial landscape) has been preserved in the extravillain
of Mlynky at the mouth of the Szurdokvölgy valley. It is a relic of a production area with
a wall quarry and a lime kiln. In the forested part of the mountainous landscape of the
studied area, areas of young oak and oak–hornbeam forests with an admixture of beech,
created by human economic activity, have been preserved. They contain specific relics of
the historical forest landscape—pasture forests, which were still used for grazing cattle and
goats in the first half of the 20th century.

The archetype of the vineyard landscape at the Ge Stud’jénke or Kopanica sites cur-
rently performs mainly a landscape-forming function. Despite the advanced succession
stage of small-scale vineyards, fruit trees and stone fences (piles of stones) on the borders
of the plots complete the identity of the local landscape. Ensuring the diversity of the
abovementioned types (archetypes) of historical landscapes in the Mlynkov non-urban
area is currently limited by the nature protection of the Danube–Ipoly NP. Therefore, it is
necessary to consider modifying the existing landscape plan for the protected area.

In the built-up part of the urban area (Hlavná ulica), the archetype of the village core
near the main road (road village) has been preserved. Its urban and architectural signifi-
cance is highlighted by the common courtyards with the houses of the companions and the
church. In the case of common courtyards, we propose to emphasize their monumental
value and specify this fact in the Mlynky spatial plan.

6. Conclusions
The purpose of this paper was to characterize the territory of the municipality of

Mlynky from a cultural–ecological as well as geo-ecological point of view and to reconstruct
the use of the local landscape areas (historical land use) with an emphasis on the period
from the mid-18th century to 2022 in order to harmonize the development of anthropogenic
activities while preserving the cultural–historical potential of the studied area and selected
landscape archetypes.

The topic and its contexts reflect an integrated view of the natural conditions of the
area, historical events, and the use of the local landscape in the past. Effective use of the
results of such research (and their possible application in social practice) can be achieved,
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for example, through experiential education in the form of a lectured excursion, a study of
the local landscape on old maps, or a virtual tour of specific locations online. The Minority
Slovak Self-Government can organize these (and other) activities in Mlynky in cooperation
with the municipal leadership. Their goal should be to strengthen and develop the identity
of the local population [73,74].

The research results also have the potential to address issues and problems of har-
monization and revitalization of the natural and socioeconomic subsystems of the local
landscape. The methodology and selected findings on the local landscape, the relationship
between humans and the natural environment, or the development of historical land use in
the studied region can be applied in basic research when studying other expatriate enclaves
in Central Europe or overseas. The selected data or their contexts can also be effectively
used in creating proposals and solving some problems of integrated cultural landscape
management (e.g., preserving, revitalizing, and protecting selected landscape archetypes).
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29. Šomšák, L. Flóra a Fauna v Rastlinných Spoločenstvách Strednej Európy (Aplikovaná biocenológia), 1st ed.; PríF UK: Bratislava, Slovakia,
1998; p. 308.

30. Fügedi, E. Príspevky k dejinám osídlenia niektorých slovenských obcí na území dnešného Mad’arska: Mlynky (Pilisszentkereszt).
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35. Pető, Z.E. Roman or medieval? Historical roads in the Pilis forest. Hungar. Archaeol. 2014, 3, 1–9.
36. Békefi, R.A. Pilisi apatság története 1184–1541, 1st ed.; F. Pfeifer: Pécsett, Hungary, 1891; p. 527.
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62. Reháčková, T.; Pauditšová, E. Metodický postup stanovenia koeficientu ekologickej stability krajiny. Acta Environ. Univ. Comen.

2007, 15, 26–38.
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