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a b s t r a c t

The term wood-pastures is usually applied to areas with trees or other woody vegetation, scattered
through a mainly grazed grassland area, and reflects one of the oldest land use types in Europe, which
plays important ecological, agricultural and socio-cultural roles. However, a rapid decline in their area
due to changes in land use and a lack of tree regeneration has recently been observed all over Europe,
which has led to the necessity of a deeper understanding of their behaviour in relation to different factors
via a detailed analysis of the history of the changes in their distribution over space and time. Despite the
recent increase in the number of related studies, information on historic patterns of wood-pastures in
many European locations, such as Czechia, remains incomplete. The goal of this study is to assess the
habitat continuity of current wood-pastures and to analyse the land-use/land-cover changes of historical
and current wood-pastures in lowlands and warm landscapes of hills and basins of Czechia. To achieve
this, nine sites covering a total area of 98.6 km2 were studied in Czechia. The situation on three time
horizons (1820e1840s, the early 1950s and today) was analysed. The results have shown that almost all
wood-pastures from the 1st half of the 19th century have now been lost and most of the currently
existing ones were formed from the 1950s till today. Most wood-pastures, which were lost by the 1950s,
were turned into open habitats, such as arable lands, and the ones lost from 1950 were turned into forest.
New wood-pastures are mostly formed from open habitats, often in former military areas.

© 2017 Elsevier Ltd. All rights reserved.
1. Introduction

Wood-pastures, grazed grasslands with scattered trees or
shrubs, are threatened landscape features all over Europe. This is
perceived as a negative tendency because wood-pastures are
increasingly being recognized for their great ecological, cultural
and agricultural importance (Hartel & Plieninger, 2014). The
ecological value expressed is given by great structural diversity
(Garbarino & Bergmeier, 2014; Jakobsson & Lindborg, 2015),
extensive but multiple land use (Opperman, 2014), and the pres-
ence of trees serving as keystone structures (Manning, Fischer, &
Lindenmayer, 2006). Specifically, old trees are typical for wood-
pastures in Britain (Butler, 2014; Read, 2000) and in Romania
(Hartel et al., 2013; Moga et al., 2016). Economic use of wood-
pastures can be varied. In Europe, trees and grassland in wood-
pastures have traditionally served as a source of fodder for graz-
ing animals, the trees also for timber or fuelwood and their crop for
pannage (Szab�o & H�edl, 2013; Szab�o, 2013). Traditional manage-
mentmethods include haymaking, berry and fruit picking, which is
typical for Germany (Bergmeier, Petermann, & Schr€oder, 2010;
Hartel, Plieninger, & Varga, 2015). Nowadays, the aim is to build
new links betweenwood-pastures and people (Hartel& Plieninger,
2014). Cultural value is explained mainly as the tradition that
wood-pastures represent, which is perceived by farmers in Estonia
(Roellig et al., 2015) and in Romania (Sutcliffe, €Ollerer, & Roellig,
2014). The potential of wood-pasture landscapes for regional
development was understood in whole communities in the Black
Forest in Germany (Bieling & Konold, 2014). As an example of the
value of wood-pastures from the point of view of aesthetical
perception, farmers and common inhabitants in the Alentejo region
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in Portugal appreciate complex landscapes, such as the Portuguese
type of wood-pasture, montado, for their visual qualiies. (Surov�a,
Pinto-Correia, & Maru�s�ak, 2014).

We can state that people start to be somewhat aware of the
importance of landscapes as soon as they start to be threatened
(Antrop, 2005). Bergmeier and Roellig (2014) name as some of the
most important threats to wood-pastures the decline of old trees,
lack of trees regeneration (Kirby, 2015), overgrowing by woody
vegetation, and land-use intensification by transforming a wood-
pasture into either a pasture without trees or into different land
use. Conversely, Roellig et al. (2015) refer to wood-pastures resto-
ration in Estonia. Van Uytvanck, Maes, Vandenhaute, and Hoffmann
(2008) talk about wood-pastures formation on former arable land
and grassland in Belgium. Our study deals with land-use and land-
cover change (LUCC), describing the processes of persistence,
extensification and intensification in the case of past wood-
pastures on the one hand, and the formation of new ones on the
other.

In recent decades, the number of studies monitoring changes in
the landscape have increased, especially accelerated by the emer-
gence of geographic information system (GIS) (Cousins, 2001;
Echeverría, Newton, Nahuelhual, Coomes, & Rey-Benayas, 2012;
Ihse, 1995; Kienast, 1993; Pino et al., 2010; Munteanu et al., 2014;
Plieninger, 2012). The ability to more easily monitor the land use/
cover changes (further referred to as LULC) has played a key role
(Turner, Lambin, & Reenberg, 2007). There are also many relevant
studies focusing on the analysis of spatial changes in the landscape
(Khromykh & Khromykh, 2014; Bolti�ziar, 2001; Hre�sko & Bolti�ziar,
2001; Hre�sko, Bolti�ziar, & Bug�ar, 2003; Olah, Bolti�ziar, & Petrovi�c,
2006; Seabrook, McAlpine, & Fensham, 2007; Span�o & Pellegrino,
2013). It is especially important is to study landscape persistence
(Bürgi, Hersperger, & Schneeberger, 2004).

In relation to pastures, Pǎtru-Stupariu, Tudor, Stupariu, Buttler,
and Peringer (2016) used old maps to study the persistence of
pastures, forests and built-up areas in Romania's Carpathians in the
periods between 1912, 1980 and 2009. From the studied temporal
horizons, the highest proportion of pastures existed in 1980. Pas-
tures showed higher persistence than forests and built-up areas. In
reflect of the situation in Czechia, Bi�cík, Jele�cek, and �St�ep�anek
(2001) analysed cadastral evidence from 1845 to 2000. Of all the
analysed classes of land use, the sharpest decline between 1845 and
1948 was seen in grasslands. On the other hand, an increase in the
share of the same class between 1990 and 1999 was again sharpest
in grasslands in comparison to other categories.

Change trajectories of non-forest woody vegetation, which is
another topic closely linked to wood-pastures, was analysed by
Plieninger, Schleyer, Mantel, and Hostert (2012), who described the
spatial-temporal dynamics of trees outside forest in Eastern Ger-
many in the period 1964e2008, which showed a positive net
change during the socialist and post-socialist period. Scattered fruit
trees were the only declining type of non-forest woody vegetation.
Demkov�a and Lipský (2015) described a decline in non-forest
woody vegetation in Eastern Czechia during the socialist period
and its expansion during the post-socialist period.

It is important to study LUCC and the persistency of wood-
pastures to learn about the threats influencing wood-pastures
and the drivers underlying the ancient ones. So far, LUCC in silvo-
pastoral landscapes has been studied intensively, especially in
Iberian Peninsula. The results showed a decline in montado and
dehesa area in the 2nd half of the 20th century (reviewed by Costa,
Madeira, Santos, & Plieninger, 2014). If we take into consideration
land persistence, in a case study of two areas in south-western
Spain, 78% and 89% of the initial wood-pasture area remained
persistent between 1956 and 1998. Here, shrub encroachment was
the most common cause of losses. The gains occurred in most cases
on former grasslands and shrublands (Plieninger, 2006). In south-
ern Portugal, 41%, 42% and 81% of the wood-pasture area respec-
tively in three different areas proved to be persistent between 1958
and 2007 (Costa, Madeira, Lima Santos, & Oliveira, 2011). In
Northern Lesvos in Greece, 90% and 55% of wood-pastures in two
areas respectively were persistent between 1960 and 2010
(Schaich, Kizos, Schneider, & Plieninger, 2015). In southern Ger-
many, 78% of orchard meadows (regardless of whether grazed or
not) between 1968 and 2009 were persistent (Plieninger et al.,
2015b). A totally different situation was observed in the case of
the Italian Alps, where between 1961 and 2003 there was only 16%
and 5% persistence in wood-pasture area in two study areas,
respectively, which were defined here by 10e30% tree canopy
cover. The wood-pastures were typically transformed into forests
(Garbarino, Lingua, Subir�a,&Motta, 2011). Varga, �Odor, Moln�ar, and
B€ol€oni (2015) give evidence about wood-pasture formation in the
19th century in Hungary and their extinction in the post-socialist
era. This is the only study focusing explicitly on wood-pasture
landscape dynamics in East-Central and Eastern Europe which we
found.

As for Czechia, we know that wood-pastures covered about 1.6%
of the whole area of the country in the 1st half of the 19th century
(Kr�cm�a�rov�a & Jele�cek, 2016) when the general trend of separation
of forest and agricultural use on one piece of land was occurring
(Jørgensen&Quelch, 2014). According to the point database LUCAS,
1.1% of Czechia in 2012 was covered by wood-pastures (Plieninger
et al., 2015a), although it was believed that silvopastoral systems
virtually did not exist there (Hartel et al., 2015). Little is known
about the history of these habitats or whether there are some
potentially ancient wood-pastures. In the current study, which is
focused on wood-pastures in lower parts of Czechia, we try to
answer the following questions:

1. How long is the continuity of wood-pastures?
2. What are the sinks of wood-pastures from the past?
3. What are the sources of current wood-pastures?

Wewill answer the questions by analysing change trajectories in
GIS using land use maps from the 1st half of the 19th century,
orthophotos from the 1950s and 2013/4 complemented by field
mapping.

2. Methods

2.1. Study area

The geographical framework of the study is represented by the
regionalisation of Romportl, Chuman, and Lipský (2013). The
regionalisation combines climatic and geomorphologic character-
istics, namely average annual temperature, slope and elevation, and
constructs six regions, called “general types of natural landscapes”.
We chose the twomildest of them ewarm lowland landscapes and
moderately warm landscapes of hills and basins. These two types
cover 46.6% of Czechia and are generally characterized by a high
population density (71% of inhabitants of Czechia) (�CSÚ, 2011), a
low cover of forests (20.4%, while 33.3% in all Czechia) and a high
cover of agricultural land (67.7%, while 57% in all Czechia) in
comparison to the whole country (CENIA., 2014).

Within these two climatic-geomorphic regions we analysed
nine historical cadastral districts (Fig. 1). We took the historical
cadastral district as the sampling unit because of the consistency
and accessibility of data on historical land use. The boundaries of
current cadastral districts might differ from the historical ones. To
include a district in the analysis, we set a threshold that at least 0.5%
of the district's current land cover must be occupied by wood-
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pasture land use. We applied this condition and did not use any
kind of random sampling as it is generally believed that wood-
pastures virtually do not exist in Czechia today (Hartel et al.,
2015) and for the aims of our study, it would be useless to
consider districts with no wood-pasture. For this reason we used
orthophotos (�CÚZK, 2016) to identify suitable areas in various parts
of warm and moderately warm landscapes of Czechia where there
are patches with scattered trees. Only nine districts were included
in the presented analysis, even though we actually verified more
districts. The area of separate districts ranges from 3.8 to 28.6 km2.
In total, they cover 98.6 km2, which represents 0.3% of warm low-
land landscapes and moderately warm landscapes of hills and ba-
sins in Czechia (Table 1). The studied districts are covered by arable
land (45.8 ± 20% ¼ mean ± SE), forests (23.3 ± 16.7%), heteroge-
neous agricultural areas (12 ± 7.8%) and grasslands (6.7 ± 11%)
according to the CORINE land cover database from the year 2012
(CENIA., 2014).

2.2. Data sources

We analysed three temporal horizons using different types of
data sources, including old maps, aerial images and orthoimages:

2.2.1. 1st half of the 19th century
The period we are focused on starts with the 1st half of the 19th

century because it is the first temporal horizon available with
relatively exact map evidence on the extent of wood-pastures in
Czechia. We base our analysis on a series of Stable Cadastre maps,
covering the whole former Habsburg monarchy; these are widely
used to study Land Use Land Cover in Czechia (e.g., Bi�cík et al.,
2001; Lipský, 1995; Ra�ska, Z�abranský, Br�azdil, & Lamkov�a, 2016).
Different parts of Czechia were mapped from 1824 till 1843 and the
studied cadastral districts cover different map sheets which were
mapped throughout this long period. Due to this we use the dating
“1st half of the 19th century” in this paper. Besides ordinary land-
use classes, the Stable Cadastre also records those which might
be considered agroforestry (Kr�cm�a�rov�a & Jele�cek, 2016), including
pastures, meadows and arable land with various types of trees. We
used the so-called Imperial imprints of the Stable Cadastre, which
are large scale maps (1:2880).We obtained the Imperial imprints as
scanned images from the Czech Office of Surveying Mapping and
Cadastre (�CÚZK, 2015) and georeferenced each map sheet in ArcGIS
software (ESRI., 2015) to control points identified on the current
cadastral map to distinct corners of parcel boundaries or parcel
intersections that we considered not to have changed their shape.
The total number of map sheets was 71. For 62 of them, 1st order
polynomial transformation was used, where the root mean square
error (RMSE) was on average 1.4 per map sheet. The rest of the map
sheets were transformed by 2nd order polynomial transformation,
where RMSE was on average 1.6 per map sheet. The transformation
method was chosen to best fit the current cadastral map.

2.2.2. 1953/54
The temporal horizon of the 1950s was chosen as it represents

one of the most important breakpoints in Czech cultural landscape
history. After this period, huge and systematic changes in the
landscape were accomplished, when consolidation of land parcels
took place as a means of agricultural intensification. One of the
outputs was the abandonment of distant and less productive land.
(Lipský, 1995). To capture the landscape composition of this period,
historic black-and-white orthophotos from 1953/1954 were used
(CENIA., 2012). From these orthophotos wewere able to distinguish
only land cover as no reliable data source on land use from this
period in Czechia is available. For this reason, we did not distin-
guish the land use class “wood-pasture”, only semi-open habitats.
Some studies use historical aerial images to distinguish wood-
pastures, but it is suitable only in areas where wood-pastures are
common and traditional land management is present (Costa et al.,
2014; Plieninger, 2006; Schaich et al., 2015). The 1953/1954 period
serves us as an indicator of the dynamics and age of woody vege-
tation, but not of the land use.

2.2.3. 2015/2016
To determine current LULC, we used complementary data

sources. The orthophoto was taken as the basis and was supple-
mented by LPIS (Land Parcel Identification System) to distinguish
agricultural land (MZe�CR, 2016). As another source a layer of land,
treated as a forest, was used (ÚHUL, 2000). The areas where we
expected wood-pastures to be found were verified directly in the
field in July and August 2015 and then reviewed in October and
November 2016.

Because of the variability of types of data sources, we used five
categories of LULC based mainly on tree density and tree canopy
cover, which was interpreted visually as follows:

� Open habitats with less than 7 trees/ha. For the 1st half of the
19th century, only those parcels depicted as agricultural with no
woody vegetation.

� Semi-open habitats with at least 7 trees/ha and maximally 80%
tree canopy cover. The threshold was inspired by other studies
on sparse woody vegetation development (Garbarino et al.,
2011; Grossmann & Mladenoff, 2007). For the 1st half of the
19th century, all parcels with agricultural land use with woody
vegetation as subordinate land use.

� Wood-pastures as a subtype of semi-open habitats where
grazing is the dominant management of semi-open grassland.
These could be identified for the 1st half of the 19th century as
pastures with trees and for 2015/2016, but not for the 1950s (for
the reasons, see above).

� Closed habitats with at least 80% tree canopy cover. In this class
we also include all land evidenced as forest by ÚHUL (2000),
although these may be temporarily open but we cannot expect
any pastoral management because grazing by domestic animals
has been prohibited since 1960 (NS�CSSR, 1960) and not prac-
tised now. We include in this class all forest parcels of the Stable
Cadastre although we cannot know what the actual tree canopy
cover on the parcels was.

� Other areas including urban and industrial areas and water
streams and bodies.

2.3. Data processing and analysis

On the basis of previously mentioned data sources, we vector-
ised all wood-pastures in the 1st half of the 19th century and in
2015/2016 in the ArcGIS 10.4 environment (ESRI., 2015). The min-
imalmapping unit was set to 0.3 ha.We interpreted LULC of current
wood-pastures in 1953/1954 and in the 1st half of the 19th century.
At the same time, we interpreted LULC of wood-pastures from the
1st half of the 19th century in 1953/54 and in 2015/2016. We did
not vectorise all study areas, only areas where wood-pastures exist
or existed, similarly to studies on non-forest woody vegetation
(Demkov�a & Lipský, 2015; Plieninger et al., 2012).

We performed an overlay analysis using the Intersect and Union
tools. The final layer was transformed into raster using the Feature
to raster tool to eliminate sliver polygons (Grossmann &Mladenoff,
2007). The raster cell size was set to 5 m and the value was
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controlled by the value of the largest area in the cell. All wood-
pastures were then classified according to their continuity into
the following groups: continuous, lost by 1950s, lost by 2015/2016,
gained by 1950s, and gained by 2015/2016. We also analysed sinks
of lost wood-pastures and sources of current ones.
3. Results

3.1. Overall changes

The total area of wood-pastures in the study areawas 163.7 ha in
2015/2016, which makes up 1.7% of the studied districts, as against
78.1 ha in the 1st half of the 19th century, meaning 0.8% of the
studied area (Table 1). This is more than twice as much. On the
other hand, there are big differences between the districts, e.g., the
Fig. 1. Localisation of the 9 studied cadastral districts with the context of the general types o
the Table 1.
Milovice district (ID 6 in the Fig. 1) has a large wood pasture now,
while there was no large one in the 1st half of the 19th century. On
the other hand, in the Bohdalice district (ID 1) therewas a decline in
wood-pastures of 77%.
3.2. Habitat continuity

Looking at wood-pastures evidenced in the 1st half of the 19th
century, one can see that already by the beginning of the socialist
era more than half of their area had been lost. 44.1% of wood-
pastures area was lost during the second period (Fig. 2). Only 1.9%
of those wood-pastures that existed in the 19th century were
present on all three horizons. There are two larger patches of
continuous wood-pastures, namely in the Rovn�e and M�sec districts
(ID 8 and 7, respectively). When we consider the current situation,
f natural landscapes in Czechia (Romportl et al., 2013). The number of a district refers to



Table 1
Overall changes of wood-pastures cover in the studied areas between the 1st half of the19th century and 2015/2016.

ID District Area (km2) Wood-pastures 1824e1843 Wood-pastures 2015 Net change

ha % of district area ha % of district area ha % of initial area

1 Bohdalice 5,0 12,8 2,6 2,9 0,6 �9,8 �77,0
2 �Cist�a 28,6 14,4 0,5 30,5 1,1 16,1 111,9
3 Havraníky 11,3 23,2 2,0 28,7 2,5 5,5 23,9
4 Kon�eprusy 4,4 1,8 0,4 19,4 4,4 17,6 980,9
5 Lobendava 11,4 4,9 0,4 18,3 1,6 13,4 271,7
6 Milovice 11,8 1,8 0,2 37,5 3,2 35,6 1932,2
7 M�sec 13,8 15,8 1,1 7,4 0,5 �8,4 �53,2
8 Rovn�e 3,8 1,8 0,5 4,3 1,1 2,5 136,3
9 Semanín 8,6 1,7 0,2 14,8 1,7 13,1 792,7
Total 98,6 78,1 0,8 163,7 1,7 85,6 109,6

M. Forejt et al. / Applied Geography 79 (2017) 235e244 239
more than four-fifths of the wood-pastures in 2015/2016 emerged
at a certain time during the last 60 years.

3.3. Sinks of wood-pastures from the past

When we have a look at sinks for wood-pastures lost by 1953/
1954 (for an example of such trajectory see the Fig. 5B), most of
their area was transformed into land uses with no trees, meaning
arable land or grasslands (Fig. 3). Some of these overgrew back in
the second period with trees to become semi-open or closed. There
are some cases where they were open in 1953/1954 and became
wood-pastures again by 2015/2016. Characteristically almost all
semi-open areas from 1953/1954 which could have still been
wood-pastures at that time had become forests by 2015/2016.
Surprisingly, only a small portion of former wood-pastures were
transformed into other categories, such as urban areas.

3.4. Sources of current wood-pastures

Concerning wood-pastures present in 2015/2016, the vast ma-
jority of them are formed on areas which had been overgrown by
woody vegetation during the last 60 years (Figs. 4 and 5A). We can
expect the trees there to be very young. An example of such change
trajectory is the case of the former military training area in the
Milovice and Semanín districts (ID 6 and 9, respectively), where
valuable grasslands which are being conserved by grazing have
evolved. In fact, 58% of the wood-pasture area is grazed as a man-
agement tool of grasslands with high biodiversity, either in state
nature reserves or private nature reserves. Almost none of the
current wood-pastures have formed in places which were occupied
by forests in the 19th century, and in those where wood-pastures
do exist, the forest was converted before 1953/1954. If we
consider semi-open habitat continuity, only 3.8% (6.3 ha) of the
current wood-pasture area has performed such continuity during
the last 170 years. An example of such development is a wood-
pasture in the Rovn�e district (ID 8) formed on a historical parcel
of arable land with fruit trees.

4. Discussion

4.1. Discussion on results

The increase in the area of wood-pastures is related to the fact
that we did not locate case study sites randomly in lowland and
warm landscapes of hills and basins in Czechia, but situated them
purposely in sites where wood-pastures are present so that we can
record the change trait of wood-pastures in time. However, that
does not mean that since the 1st half of the 19th century the overall
area of wood-pastures in lowlands in Czechia increased by more
than 100% as in our case study (Kr�cm�a�rov�a & Jele�cek, 2016;
Plieninger et al., 2015a). On the other hand, most of the case
studies that analysed historical changes and causes in wood-
pastures in Europe generally documented a decrease in the
extent of wood-pastures, respecting different natural and cultural
conditions (Costa et al., 2011; Garbarino et al., 2011; Plieninger,
2006; Schaich et al., 2015; Varga et al., 2015).

Although we report a positive net change in the overall area
covering silvopastoral patches, almost none of the current wood-
pastures have had habitat continuity throughout the whole
period and only a small portion have had continuity for the last 60
years. This contrast with the studies from Spain (Plieninger, 2006),
Portugal (Costa et al., 2011), Germany in case of orchard meadows
(Plieninger et al., 2015b) and Lesvos (Schaich et al., 2015), although
all of those papers describe much shorter time periods. Only in the
Italian Alps was the persistence of wood-pastures similarly low
(Garbarino et al., 2011).

We can only speculate about the consequences of wood-pasture
dynamics for biodiversity. Ancient wood-pastures are generally
considered important biodiversity hot-spots (Falk, 2014; Paltto,
Nordberg, Nord�en, & Sn€all, 2011). Therefore, the losses of wood-
pastures with potentially old trees that were documented in our
study could be responsible for significant diversity losses in the past
at both the local and regional level. However, precise quantification
of the losses might be difficult if not impossible. We should
consider the possibility that many species could have found alter-
native habitats in the grasslands and forests which replaced the
original wood-pastures. At the same time, newly established wood-
pastures would probably mean diversity gains in the landscape.
Open grazed shrublands are often richer in species than other
habitats, as seen in some examples from Romania (Vojta, Kov�a�r, &
Vola�rík, 2014), regardless of the presence of old trees. Shrubs on a
pasture are important for specific bird species (Hartel et al., 2014). A
case study from the East V€attern scarp landscape in Sweden shows
that g- and b-diversity in wood-pastures increases along the
gradient of tree density on a pasture (Jakobsson & Lindborg, 2015).

Concerning the fate of wood-pastures depicted in the Stable
Cadastre from the 1st half of the 19th century, slightly fewer than
half of them persisted until at least the 1950s. The former semi-
open wood-pastures have turned more into open habitats (be
they arable land, meadow or pasture without trees) than into
closed canopy habitats, which indicates intensification of agricul-
ture in the period. This could have happened already at the end of
the 19th century when a large loss of pasture area and gains in
arable land occurred in Czechia (Bi�cík et al., 2001). The period
1840se1950s was characterized by a blossoming of private peasant
agriculture with a high share of people and working animals.
Moreover, new technical equipment and new plants allowed the
use of less productive land for more intensive agriculture (Gre�slov�a
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Ku�skov�a, 2013; Jepsen et al., 2015; �Santr�u�ckov�a, Dost�alek, &
Demkov�a, 2015). Our case study reflects a process different from
one site in the Bakony hills in Hungary, where a wood-pasture was
formed between 1818 and 1880 on the site of a former forest (Varga
et al., 2015). On one site in the Romanian Carpathians, large gains in
forests in the period 1790e1867 took place at the expense of pas-
tures, which also shows a development different from that reported
in the current paper (P�atru-Stupariu, Angelstam, Elbakidze, Huzui,
& Andersson, 2013).

Almost all of the wood-pastures from the 1st half of the 19th
century in the area of the current study, which remained semi-open
until the 1950s, changed into forest land in the second period. This
indicates that after the 1950s these areas were subject to more
extensive land use. Agriculture after the 1950swas characterized by
collectivization, large open fields, and heavymechanization. On the
other hand, less accessible and arable lands were abandoned or
reforested (Gre�slov�a Ku�skov�a, 2013; Jepsen et al., 2015). The au-
thors studying wood-pasture dynamics in the 2nd half of the 20th
century referred to broadly agree in identifying the driving forces
which had a major impact towards the decline or to a lesser extent,
the emergence of recent wood-pastures. Both suggest a process of
intensification and especially intensive grazing (Plieninger, 2006;
Schaich et al., 2015; Varga et al., 2015) resulting in the loss of
wood-pastures. They also document opposed processes of farming
extensification and abandonment, both resulting in tree and shrub
encroachment (Plieninger, 2006) which together with the depop-
ulation as well as the abandoning of traditional management
techniques play a great role behind the decline in wood-pastures.

Current wood-pastures in lowlands and hilly landscapes in
Czechia are have nearly all recently formed on former open habi-
tats. This phenomenon is consistent with the process of abandon-
ing less accessible land in the communist era in Czechia described
above (Bi�cík et al., 2001) and agricultural extensification in the
1990s (Feranec, Jaffrain, Soukup, & Hazeu, 2010). On the other
hand, there is a potential to restore wood-pastures (Roellig et al.,
2015) from overgrown ones which were converted into closed
canopy habitats in case these patches are not registered as forest
land in the Czech cadastre. On former agroforestry patches old trees
can still be found today (Kr�cm�a�rov�a, 2016).

Talking of spatial-temporal changes of wood-pastures in the
study sites, they represent rather dynamic landscapes in compari-
son to the more persistent wood-pasture landscapes of Spain,
Portugal and Lesvos. Moreover, in the lowlands and hills in Czechia
wood-pastures are not a traditional land use (Kr�cm�a�rov�a & Jele�cek,
2016). Ironically, land use of wood-pastures, which has a long
tradition in Europe (Jørgensen & Quelch, 2014), might be consid-
ered allochthonous here. In other words, even though these land-
scapes did not exist in the past here (Antrop, 2005), we can
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Fig. 2. Continuity of wood-pastures prese
celebrate them as sustainable landscapes of the future and as an
example of integrated landscape management (Manning et al.,
2006). However, their sustainability should be further studied
especially by means of a land-users’ motivation analysis.
4.2. Discussion on the methodology

This study was conducted as a case study, as it was based on 9
specific cadastral districts (sample plots) in warm lowlands and
moderately warm landscapes of hills and basins in Czechia
(Romportl et al., 2013). The studied area covers 98.6 km2, which is
about 0.3% of all the lower located parts of the country. We selected
such districts where wood-pastures cover at least 0.5% of the dis-
trict's area. Thus, the results are not generalizable in terms of
changes in the extent of wood-pastures today and in past but they
report about the continuity of current wood-pastures.

In contrast to the current study, most of the other related studies
have applied a shorter time perspective, using historical aerial
photographs. Thus, Garbarino et al. (2011) documented the loss of
wood-pastures in the central part of the Italian Alps in one time
period between 1961 and 2003, Schaich et al. (2015) looked at a
similar period in Greece on Lesvos island (1961e2010), and
Plieninger (2006) made a multitemporal analysis of the develop-
ment of wood-pastures with three temporal horizons (1956 -
1984e1998) at locations on the Iberian Peninsula. A much longer
period was analysed by Varga et al. (2015) in hilly areas in Hungary
(1818e2005) in four periods, and in addition to aerial photographs
old maps were used.

It is essential to note the specific limits and assets of the
different data sources that were used for the studied time horizons
(Table 2). The method proposed here may be applied to the entire
area which was involved in the Stable Cadastre mapping, which
includes most of the former Habsburg Empire. The obstacles in
georeferencing and digitising old maps were eliminated by trans-
forming the vector layer into a raster with a 5-m cell size. Old maps
of the Stable Cadastre are a solid data source but have their limits as
we cannot judge the land cover from them. The threshold defining
wood-pastures according to their tree density in the presented
study is thus only to a certain limit comparable with the patches
defined as pastures with trees or shrubs in the Stable Cadastre.

Aerial photographs, as another data source we used, usually give
more precise and detailed information (Herold, Goldstein,& Clarke,
2003) but they do not reflect land use, and sometimes land cover,
especially for the 1950s, due to their lower quality. Thus, we are
limited in information upon land use for the 1950s time horizon,
while for 2015 we are able to get enough related information from
additional sources. In historic aerial photos from the 1950s, only the
category covering all semi-open habitats could be used. Grasslands
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Fig. 3. Change trajectories of wood-pastures present in 1824e1843.

Fig. 4. Change trajectories of wood-pastures present in 2015.
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Fig. 5. Examples of typical change trajectories of wood-pastures present in 2016 (A) and wood-pasture present in the 1st half of the 19th century (B).

M. Forejt et al. / Applied Geography 79 (2017) 235e244242
with shrubs could sometimes be classified as open habitats as the
shrubs are not clearly displayed in the orthophoto. This can be
confirmed in further studies using archival sources. The major
disadvantage of themethod of visual interpretation of aerial images
Table 2
Limits and assets of the different graphical data sources used for description and analys

1824e1842: Imperial imprints of the
Stable Cadastre

1950s: archival orthophoto

Advantage Large scale mapping; existing
classification of landscape segments

Detectible land cover

Disadvantage Lack of information upon land cover
(abundance and location of trees and
shrubs at the plot)

Need of classifying the landsca
information upon land-use (gr
resolution of orthophoto, leadi
locating shrubs
consists in its great time demands and sensitivity to the individual
manner of work of each particular researcher, which may result in
problems in distinguishing between different LULC categories.

Old maps and aerial photographs together with statistical data
is of LULC at different temporal horizons.

2015/2016: orthophoto, field mapping, LPIS, thematic
layers

Diversity and availability of sources guaranteeing access
to any information

pe segments; lack of
azed/not grazed); low
ng to uncertainty in

Time demanding, need of classifying the landscape
segments
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about land use are the sole solid data on land use/cover changes,
but they should be interpreted carefully. First, the data gained from
the sources are related to mapping time horizons, but multiple or
repetitive changes between the mapping horizons remain un-
known. It is impossible to depict all changes in themodel areas, and
the interpretation stresses the trends. Secondly, the earliest accu-
rate sources come from the beginning of the 19th century. Infor-
mation about previous land use changes is scattered and often
omitted but the centuries before the 19th century could not be
assumed to be unchanging. Finally, the depiction of semi-open
habitats on data sources from three temporal horizons does not
necessarily imply the existence of wood-pastures with ancient
trees in the current landscape. The maps only serve to identify
potential habitat continuity and consequent high conservation
value (P�atru-Stupariu et al., 2013).

5. Conclusion

The results of the research allow the questions posed in this
study to be answered. Firstly, it can be concluded that most wood
pastures have not been continuously present in the three studied
temporal horizons (1st half of the 19th century, 1953/1954, 2015/
2016). Moreover, the wood-pastures present in 2015/2016 were
formed mostly in the last 60 years. The source of wood-pastures
present now are most often open-habitats, which means that we
cannot expect old trees on them.

On the other hand, a little less than half of wood-pastures from
the 1st half of the 19th century remained semi-open habitats until
the 1950s, which indicates a relatively stable landscape in the first
period. However, the process of agricultural intensification was
stronger at that time, as more wood-pastures areas were converted
into open-habitats than into forests. In the second studied period,
rapid transitions of semi-open habitats into forest took place.
Indeed, the socialist and post-socialist era was characterized by the
abandonment of remnants of wood-pasture land use. Now, wood-
pastures are emerging again, although they are valued rather as
species rich grasslands which started to be overgrown by woody
vegetation and thus need grazing as a conservation management
tool.

The overall changes which are presented in the current study,
where we described the huge increase in the area of wood-
pastures, cannot be generalized for all warm lowlands and
moderately warm landscapes of hills and basins. We wanted to
study the habitat continuity and change trajectories especially with
consequences for current wood-pastures so we chose only those
cadastral districts where wood-pastures cover at least 0.5% of the
district's area.
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