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Introduction

According to the European Landscape Convention (Council of
Europe 2000), landscape is an important contributor to quality
of life and society well-being. Wood-pastures, which are the sub-
ject of this article, represent traditional European landscapes,
that combine livestock grazing with scattered trees and shrubs
(Plieninger et al. 2015). They were widespread from the Middle
Ages (Forestry Commission Scotland 2009; Jergensen, Quelch
2014) until the 19t century before being dominated by other
land use/land cover categories due to the increasing demand for
timber and agricultural products (Hartel et al. 2013, 2016). The
trees are spatially arranged as points (e.g., isolated trees), lines
(hedgerows, alleys, riparian buffers) or clustered (e.g., woodlots,
tree groups; Plieninger 2012; Figure 1). They can be a product of
spontaneous regrowth or planted, domesticated and cultivated,
and they are usually seminatural habitats within the farmland
mosaic, which is grazed by deer or domestic stock, and form
part of a high-quality agricultural matrix. Older or younger trees
may be present, distributed irregularly and forming mosaics with
open habitats such as grazed grassland. The ground vegetation is
very rich in species but is not generally managed in an intensive
way (Scotland’s natural heritage 2015). Among natural precondi-
tions for these habitats, solid and drift geology with nutrient
poor, free-draining soils have been mentioned as favourable
(Thames Valley Environmental Records Centre 2015). Older (and
veteran) trees with widely spreading branches, often with signs
of traditional silvicultural management such as pollarding, are
typical of open parcels, while denser patches of younger trees
may exhibit more upright growth forms.

Wood-pastures are common throughout the world in tradi-
tional cultural landscapes and in recently modified landscapes

(Manning et al. 2006), and even “farm trees” (single trees) are
often considered as belonging to this group (Arnold, Deewes
1997). Historically, these habitats were valued for their socioeco-
nomic and cultural importance (Roellig et al. 2015, Surova et al.
2014, Plieninger et al. 2015). From the early stages of agricultural
evolution, they have been playing an essential role for local com-
munities, being a source of a variety of products of major local
importance, such as firewood, brushwood, timber and wood for
tools and furniture, bark, bast fibre for textiles and rope, cork, lit-
ter, fruits, mushrooms and honey. Various tree species serve vari-
ous purposes and can fulfil local demands of sustenance, craft,
trade and industry in various regions of Europe (Hartel, Plieninger
2014). People also generally have positive feelings towards large
trees for their impressive size, shape, and age. Specific terms (e.g.,
“veterans” or “working trees” in the UK) and names or stories
associated with them are sometimes used (Moga et al. 2016).
Nowadays more attention is paid to their ecological values
(Hartel, Plieninger 2014). Wood-pastures increase biodiversity
and create unique vegetation structures with light/shadow
gradients (Read 2000; Gibbons, Lindenmayer 2003; Garbarino,
Bergmeier 2014). Scattered woody vegetation, defined as
“keystone structures”, is a key factor for the ecological role of
wood-pastures. The effect of trees on ecosystem functioning is
disproportionately high in relation to the small area occupied
by any individual tree (Gibbons et al. 2008), by buffering against
wind and dryness, control of nutrient cycling and soil erosion
(Manning et al. 2009, Hartel et al. 2016), carbon sequestration and
air quality (Burgess et al. 2017), regulation of surface water (Nis-
bet et al. 2011), and adaptation to anthropogenic climate change
(Manning et al. 2009). Trees create structural diversity in agri-
cultural landscapes, also permitting animal movement (Manning
et al. 2009). Moreover, some species are sometimes regionally

Fig. 1 - Example of traditional wood-pasture from Southern Transylvania, vicinity of Romanian Sighisoara, and vicinity of Czech Konéprusy (right)
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restricted only to wood-pastures (e.g., shade-tolerant unpalatable
geophytes, including peonies and hellebores in southern Europe;
Chaideftou et al. 2009). Traditional low-intensity management
supports rich flora and fauna (Rosenthal et al. 2012) and a larger
cover of native vegetation than in other managed landscapes
and specific structure and succession stages (Hartel et al. 2013).
High genetic diversity results from human maintenance of cer-
tain tree species (Bergmeier et al. 2010) selected over centuries.
A study in Czechia (Vojta, Drhovska 2012) has demonstrated
a higher species diversity of wood-pastures as compared to e.g.,
ancient ungrazed forests. Old, scattered trees in particular pro-
vide a broad range of habitat features, such as dead branches or
hollows (Gibbons, Lindenmayer 2003), representing local bio-
diversity hotspots in the ecosystems they are located in. Recent
studies (Stephenson et al. 2014) mentioned that old trees are
better at absorbing carbon from the atmosphere than commonly
assumed. Finally, they store precious information about the past
climatic and environmental conditions in their annual rings
(Moga et al. 2016).

Yet, throughout the past 200 years European wood-pastures
experienced a major decline (Bergmeier et al. 2010), often
explained by abandonment of traditional management and
discontinuation of livestock husbandry, transformation into
commercial forests or built-up areas (Rackham 1998, Forestry
Commission Scotland 2009), increased uncontrolled burning,
leading to fires (Hartel et al. 2013), intensive tree cutting or other
changes in land use and lack of regeneration. Historic socioeco-
nomic changes also significantly affected management regimes,
such as in the Age of Enlightenment, when peasant forestry and
agricultural practices were often transformed into lands with a
strict separation of forestry and agriculture. This brought about
a decline in less intensive use of traditional wood-pastures in
economically advanced countries (Hartel, Plieninger 2014). Over
the last two centuries European landscapes were affected by
the “Complex Revolution of the Modern Age”, which took place
in Czechia in the 19t century (defined as the Industrial and
Scientific Revolution, starting in 1848-1849), marked by techno-
logical innovations towards intensification of agriculture. Here,
major changes in land use were triggered by the Agricultural
Revolution, with its peak in the 1860-70s, when socioeconomic
and political forces were gaining more importance. Studies
for Central and Eastern European countries show a decline in
non-forest woody vegetation during the Communist period and
of grasslands between 1845 and 1948, followed by a renewed
increase. Today, “functioning” wood-pastures can still be found,
especially in Southern and South-Eastern Europe, in parts of
boreal and subarctic Europe and in the central European moun-
tains (Bergmeier, Roellig 2014), occupying about 203,000 km? in
the EU27 (4.7%; Plieninger et al. 2015).

Though some authors (e.g., Vojta 2012) have argued that
Czech ancient wood-pastures have mostly disappeared, similar
habitats of diverse origin and management in Central, Western
and Northern Bohemia and Southern Moravia can still be found.

Among the factors that have been shaping European land-
scapes in recent centuries, esp. in relation to agricultural lands
such as wood-pastures, a growing need for products, population
changes and thus, geographical location have traditionally been
seen as the ruling factors. Von Thiinen (1990) in his manuscript
“The Isolated State” (1826) explained it by the (physical) distance
to the market (Bicik et al. 2015). Later, Marx (1967) reflected the
role of this factor via the concept of “differential rent”, also with
fertility of land being a factor.

Landscape combines all natural elements, together with their
functions as well as socioeconomic elements, in one complex
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organism, whose health is critically dependent on the balance
between all these elements. Their relative importance depends
heavily on the level of development of the local society. Since
landscape changes result from a complex interaction of such
location-specific factors, this article will review the dynamics
of Czech wood-pastures by answering the following questions:
1. What are the change trajectories of wood-pastures in different
types of the Czech landscape over the last two centuries?

How can continuity of Czech wood-pastures be characterized?
What was the relative importance of the human-driven/natu-

ral factors for dynamics of Czech wood-pastures?

Study area

For this work, locations across the whole area of Czechia were
selected for analysis. Czechia demonstrates significant climatic
and species variation across its landscapes. The diversity of cli-
matic conditions, geological composition and geomorphology
creates a high biological and landscape diversity (Plesnik,Roudna
2000). Up to 80% of the land had been covered by forest until
the 13t century (Lipsky 1994). Later on, political circumstances
across the regions of the country were also playing a significant
role. During only the last hundred years, the history of the coun-
try included the foundation of Czechoslovakia, German occupa-
tion during World War II and forty years under the Communist
regime. Only in November 1989, remembered as the Velvet Revo-
lution, the country became known as Czechia. All this affected
the diversity of Czech culture and landscape. After the ‘Iron
Curtain’ was torn down, it became known as a country of two
faces, showing the signs of both the period of industrialization
and ecological awareness, with heavily damaged environments
(Northern Bohemia and Northern Moravia-Black Triangle) and
remarkably well-preserved ecosystems, habitats, species, and
biodiversity in general in other areas of the country.

According to Bicik et al. (2015), the last two centuries were
particularly dynamic in agricultural development. In the first
half of the 19t century, a striking contrast existed between the
northern (relatively densely populated) and southern (sparsely
populated) halves of Bohemia. Czech landscape was comprised
of a mixture of fields, meadows, pastures, and forests, demonstrat-
ing rather heterogeneous patterns on the local level, but quite
homogeneous on the national level. Production was limited to
local markets and each region had enough arable land, grassland
and forest to cover its essential needs (Krausmann et al. 2003),
supporting environmental balance. Agricultural land covered
two-thirds of the country in 1845, with arable land occupying
almost one half. In the latter half of the 19% century a decline
in agricultural population and growth in urban population took
place, in parallel with changes in the land ownership system: if
long-term lease was applied before (all land was divided by the
cultures raised at each parcel, and farmers could rent a “share” of
them, which also helped support crop rotation), after 1848-1849
the fragments of land were divided between small farmers, and
the proportion of land in ownership of big landlords declined
from 42% to 38%. Animal husbandry experienced radical mod-
ernization, with a sharp increase in the amount of farm animals
and use of sheds and stalls, while arable lands reached 52% of
the country area by 1896. Pasture land declined by over 30%
between 1845 and 1896 and major changes happened close to
cities and roads, but also in border highlands. During the market-
oriented era between 1870 and 1914 animal husbandry almost
doubled and it became necessary to secure enough fodder. This,
however, slowed down during World War I and led to significant



changes in the structure of Czech agriculture towards a more
cost-effective system. The Land Reform Act (1919) introduced
limitation of the land to be owned per one landowner, and it was
now distributed by fragments, with the excess land paid for by
the state, while forests were given to big farmlands or military.
Small farms started being abandoned or merged.

Agricultural intensity decreased again during World War II
and animal husbandry only reached its previous level by 1960.
The Communist era (after 1948) caused the most considerable
land use changes due to changes in geopolitical orientation, eco-
nomic system, large-scale industrialization, collective farming,
emergence of military training areas and depopulation of rural
areas and transfer of Czechoslovak Germans. The Iron Curtain
soon hampered access to some big land plots, which brought
about even more abandonment of countryside and traditional
agriculture. Farming, now under cooperatives, became more
intensive and mechanized and animal husbandry shifted to large
cowsheds. Since the 1970s, less fertile areas were supported by
subsidies to maximize their productive use. Industrial plants,
residential projects, roads, dams, mines and quarries were
replacing traditional rural landscape.

The selection of sites and analysis of change trajectories in
wood-pastures from the early 19t century for this work was done
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Fig. 2 - Localisation of the 9 studied cadastral
districts with the context of general types of
natural landscapes in Czechia (Romportl et al.
2013): (a) 1+ set (lowlands only); (b) 2" set

(all 6 GTNLs included) — with indication of relative
coverage by wood-pastures

with consideration of the socio-political changes and natural
variability of the country and former findings of their presence
in Czechia in historical/modern landscapes.

The study sites were selected by two criteria in order to
analyse the changes. First, the locations represent different
administrative (cadastral) districts and their historical borders
were selected for consistency. Second, various climatic and geo-
morphologic characteristics are represented, following “general
types of natural landscapes” (GTNL) by Romportl et al (2013)
and based mainly on the criteria of average annual temperature,
slope and elevation. Two sets (Figure 2) of study sites were ana-
lyzed consequently: (1) lowland areas only (“warm lowland land-
scapes” and “moderately warm landscapes of hills and basins”
in this classification), (2) all 6 GTNLs included. Only districts
with at least 0.5% of their area covered by wood-pastures were
selected.

The first set was comprised of 9 districts, between 3.8 to
28.6 km?, and the total area of districts equaling 98.6 km? or 0.3%
of the total area of the selected GTNLs. The second set included
sites from all 6 GTNLs, but moderately cold and cold mountain
landscapes were merged into one category, creating 30 districts
with the areas from 1.94 to 80.58 km? and the total area of the
districts equaling 450.75 km?.



Methodology

Among authors there is some inconsistency regarding the defini-
tion of wood-pastures, which may be related to the location in
general, type of woody vegetation, amount and density of trees
and canopy cover, intensity of using these lands as pasture, age
or continuity, etc. For this work they were defined as a subtype
of semi-open habitats where grazing is the dominant manage-
ment of semi-open grassland (with at least 7 trees/ha and maxi-
mally 80% tree canopy cover). For lowlands only (the 1% set), the
change trajectories between wood-pastures and other land use/
land cover (open/semi-open non-cultivated landscapes, closed
landscapes, open/semi-open cultivated landscapes, other) during
the temporal horizons of the early 19t century, mid-20t century
and the current time were estimated based on “Imperial Imprints
of the Stable Cadastre” (CUZK 2015) for the 15t temporal horizon,
historic black-and-white orthophotos from 1953/1954 (CENIA
2012) for the 27d temporal horizon (which only shows land-cover
and thus presence of woody vegetation accurately), while for the
current horizon modern orthophotos (CUZK 2016) were used in
combination with the Land Parcel Identification System (LPIS;
eAGRI 2016), the Regional Forest Development Plan (in Czech:

Fig. 3 - Examples of typical change trajectories of wood-pastures in current (A) and
historical temporal horizon (B)
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“Oblastni plan rozvoje lesti”; UHUL 2000), the base map of the
Czech Republic (scale 1:10,000; CUZK 2016) and repeated field
trips (current time, Figure 3). For the 2rd set the middle horizon
was excluded due to the above-mentioned limitation. However,
additional factors as drivers of change were analyzed (additional
sources included the Digital Relief Model (ArcCR 500 by Arc-
data Praha 2016) for topographical data and the European Soil
Database v2 Raster Library (1x1 km; European Soil Data Centre
2018) for soil types data). Analytical procedures are described
in Pereponova and Skalos (2018).

Results

After applying the minimal mapping unit (0.3 ha) to the parcels,
a total of 163.7 hectares of wood-pastures were identified for
the current horizon (1.7% of the total area of the corresponding
cadastral districts) for the 15t set (lowlands only). This is almost
double of their area in early 19t century (78.1 hectares, or 0.8%
of the studied area of the same cadastral districts), though this
trend differs between the different districts. Looking into conti-
nuity, over a half of the original wood-pastures were lost at the
beginning of the Communist era (between the early 19t century
and 1950s), and another 44.1% were lost later (between 1950s
and 2015/2016), with only 1.9% existing continuously (“ancient”
wood-pastures; Figure 4). They were converted predominantly
to open lands (arable land or grassland) by the 1950s, and later
to semi-open/closed lands. Over 80% of currently present wood-
pastures appeared after the 1950s and the majority emerged
from more open land use/land cover categories (for details, see
Foreijt et al 2017).

The 30 cadastral districts of the 274 set contained 4.7% of
wood-pastures (2,128.12 ha) in the current temporal horizon, as
compared to 10.89% in the beginning of the 19t century, which
differed between various GTNLs (Figure 5); only 263.08 ha of
wood-pastures (5.36% of all old) could be categorized as per-
sistent. From the different GTNLs, relative areas of persistent
wood-pastures were the highest in (1) warm lowland land-
scapes (0.997%) and (3) moderately cold landscapes of hills and
highlands (0.801%) and the smallest in (2) moderately warm
landscapes of hills and basins (0.20%; for more details, see
Pereponova, Skalo$ 2018). The most significant decline (69%
of old wood-pastures) occurred towards closed areas (mainly
forests), while open land use/land cover was the major source of
current wood-pastures (50.96%) in all GTNLs (reaching 91.75%
in (1) warm lowland landscapes), though the former (woody)
grasslands and pastures also were relatively important.

Altogether, the majority of wood-pastures appeared due to
overgrowing of open areas rather than opening of closed areas.

Two main types of wood-pastures were noticed in the current
temporal horizon, explained by their location within different
GTNLs and local management traditions:

1. large areas with either oak, pine or birch, with dry grasslands
on slopes, or with maples, spruce or rowan in highlands,
often in former military areas

small patches with fruit trees with sheep, goats and horses.
Veteran trees are disappearing, while old oaks and silver
spruce are scarce and require protection, as do the surrounding
ecosystems. In some cases, restoring old wood-pastures from the
currently overgrown closed areas is possible (Roellig et al. 2015).
In general, Czech wood-pastures, compared to other European
ones, are lacking traditional land use (Kré¢marova, Jelecek 2017).



Discussion

Climatic conditions determine the presence and type of human
activities and related land-use patterns to a significant degree.
This partly explains the elsewhere uncommon increase in wood-
pastures in the course of time in the case of moderately cold
and cold mountain landscapes, since they are less affected by
socio-political factors. However, the absolute value of wood-
pasture area and its increase was small and may also have
resulted from other local factors, e.g., seasonal rotation of land
use. The observed increase in wood-pastures in lowlands was
partly related to the particular selection of the study sites, which
was relatively small and only covered the districts with currently
significant cover of wood-pastures. From the combination of the
results, it can be assumed that many changes took place in the
last 60 years, due to the rapidly changing political situation, lead-
ing to collectivization, large open fields and heavy mechaniza-
tion. On the other hand, as early as late 19t century husbandry
was aimed at higher production levels, thanks to which more
animals were kept in stables and the area of pastures, including
wood-pastures decreased (Bicik et al. 2015). The recent appear-
ance of most current wood-pastures, mainly from cultivated open
landscapes such as arable lands, reflects again the processes of
abandonment of less accessible lands during communism and
extensification of agriculture in the 1990s (Bic¢ik et al. 2001,
Feranec et al. 2010). This was followed by a continuous decline
in arable land after 1994 (Vachuda 2017). A comparable area
of wood-pastures came from semi-open (woody grasslands) or
open non-cultivated landscapes (pastures, grasslands), which is
partly due to periodical rotation of land use and less intensive
grazing and slow successional overgrowth (in the case of open
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Fig. 4 - Continuity of wood-pastures in lowlands present between the periods of
1824-1843 and of 2015/2016 (Forejt et al. 2017)
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non-cultivated landscapes) of grazed areas. It could be observed
in most GTNLs.

Intensification of land use and grazing prompted a rapid loss
of wood-pastures (Plieninger 2006; Schaich et al. 2015; Varga
et al. 2015) in favour of more open land use/land cover, while
extensification of agriculture and abandonment of farming and
corresponding areas and traditional management (due to migra-
tion to urban areas from the 19t century, as a result of Industrial
Revolution and abolition of serfdom of 1848-1849 (Fialova et al.
1996)) led to an invasion of woody vegetation in corresponding
areas (Plieninger 2006).

The introduction of differential rents I and II supported the
shift to more fertile areas for farming from 1880 (Bicik et al.
2015), causing an abandonment of less fertile lands together
with traditional wood-pasture management. Another wave of
rural depopulation was due to the transfer of Czechoslovak
Germans to Germany and Austria after World War II. During
the Communist era private farming was suppressed in favour
of cooperative or state ownership, and after its collapse rural
areas were influenced by privatization, denationalization, and
restitution of property.

The role of forests as sinks of wood-pastures reflects the
processes of natural afforestation after abandonment of former
semi-open areas (or “forest transition”, as the process of reversal
of the forest decline in the previous period due to the agricul-
tural expansion) and commercial planting in the last decades
(Postulka 2008). In moderately cold and cold landscapes forests
share the leading position as sinks with semi-open non-cultivated
landscapes, which can be partly attributed to the development
of tourism and climatic conditions.

A higher proportion of persistent wood-pastures in moder-
ately cold landscapes of hills and highlands and cold landscapes
of highlands highlights the importance of socio-political changes
for landscape stability: these remote lands are less reactive due
to a “slow diffusion” of central decisions and have a stronger
connection to tradition and pastoralism (which was also con-
firmed in informal interviews with local people). Wood-pastures
in these areas are also more “integrated” into the territory of the
villages, forming a part of the local lifestyle.

Several potential drivers of change were statistically esti-
mated, suggesting the conclusion that the dynamics of wood-pas-
tures within the considered time-frame was explained primarily
by economic and political changes, manifested especially in the
form of losses of wood-pastures, before 1950s, while their reap-
pearance (after the 1950s) was more related to natural factors
(following the GTNLs analysis).

The role of relief factors (elevation, steepness) in the trajec-
tories of change and particularly persistence of wood-pastures
during the period under study appeared to be determined by
the possibility to use corresponding land for cultivation, also
taking into consideration technological (heavy mechanisation)
and methodological developments (Bicik et al. 2015), as well as
such factors as traditional management. It is less responsive to
central political decisions and is better conserved in remote high-
land regions. The above-mentioned influence of abandonment of
these remote areas can be revealed by means of an analysis of
these factors. Financial support (e.g., subsidies) has also proved
to be successful enough to support motivation for traditional
management among farmers, though technical improvements
are required for the corresponding systems.

Designation of the protection status to help preserve tradi-
tional land use/land cover areas was also analysed and it proved
to be successful for conserving Czech wood-pastures. This also
explains some sink/source change trajectories in lowlands,



where abandonment of former military areas in recent decades
and their conversion into protected wood-pasture-like areas (e.g.,
the Milovice reserve) was taking place.

Structural changes related to extensification and new meth-
ods (irrigation systems) are also illustrated by the distribution
of the land use/land cover changes on account of the vicinity
of water bodies. Meanwhile, the development of transportation
infrastructure showed that it is positively related to emergence
of new wood-pastures, potentially due to the development of the
market and of all (semi)agricultural activities closer to connec-
tion points. At the same time, no strong direct relation between
the presence of wood-pastures and natural factors (also soil and
geology) could be confirmed regardless of the natural prefer-
ences of these land use/land cover.

Conclusion

In summary, the results demonstrate the major role of socio-
political and technological drivers in recent change trajectories
of wood-pastures in Czechia, especially in the case of their
losses, whilst natural factors were more important for the
appearance of new wood-pastures. The idea that “environmental
factors are usually believed to play a more important role in
less fertile areas” could also be demonstrated by the fact that
arable activities shaped the landscape where the use of modern
techniques is suitable. Most ecosystem changes stem from the
growing demand for the provision of ecosystem services (food,
water, timber, fibre, fuel). This substantially improves human
well-being and economic development, but goes along with eco-
system degradation, expressed in losses of natural capital. This
often happens at a scale that is larger than could be justified by
producing greater gains in other services. Meanwhile, though
some authors state that major decisions regarding land use are
often made by urban people with limited knowledge of agricul-
ture, administrative or legislative measures on the national level
(subsidies, protection status) possess tools to effectively support
traditional land management. However, some improvement
needs to be made to current mechanisms of implementation of
such policies to support quality of data (e.g., LPIS datasets).
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