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Introduction 
 
Land use changes have had a profound effect on 

vegetation cover. Often, succession results in the recovery of 
forests on former agricultural land. As areas of post-agricultural 
forests become increasingly prominent in landscapes of developed 
countries, these processes have attracted the attention of 
ecologists. Many questions have arisen regarding the possibility of 
restoring original forest communities on former agricultural lands 
(Flinn and Vellend, 2005; Hermy and Verheyen, 2007). At the same 
time, current and past land use changes could be seen as “natural 
experiments” that could inform our understanding of basic 
ecological mechanisms. 

Many ecological studies benefit from detailed, spatially 
explicit historical records of land use changes. Most frequently, old 
maps are used to distinguish between forests that have grown on 
former agricultural land (recent forests, post-agricultural forests) 
and those that have existed continuously for several centuries 
(ancient forests, Peterken, 1993). Gaining from this information, it 
has been demonstrated that the colonization abilities of species are 
particularly important to the long-term development of forest 
vegetation (e.g., Peterken and Game, 1984; Dzwonko and Loster, 
1989; Matlack, 1994). Recolonization processes after abandonment 
can be slow, and populations of slowly migrating plants may be 
restricted to ancient forests (e.g., Peterken and Game, 1984; 
Dzwonko and Loster, 1989; Matlack, 1994) and also to small 
“ancient” wooded habitats as hedgerows (e.g., Peterken and Game, 
1981). 

 The restricted ability of forest herbs to colonize secondary 
forests can also cause the homogenization of forest species 
assemblages across habitats (Vellend et al., 2007). However, these 
results were restricted to a specific ecological group of species, i.e., 
forest species. Little is known about the overall diversity of 
secondary forest vegetation. One could hypothesize that the 
response of non-obligate forest plants to variation in former land 
use (differences between former pastures, meadows, arable fields, 
etc.) might counteract the homogenization documented for forest 
species assemblages. Indeed, legacies of former land use have been 
found to influence various environmental conditions, particularly 
soil chemistry (Koerner et al., 1997; McLauchlan, 2006). Hence, the 
effect of site-to-site variation in the environment caused by former 
human activities on vegetation should be investigated. 

This thesis includes three original papers in which 
vegetation variability, soils, and species distributions in secondary 
forests in the military area Hradiště in Doupovské hory (hilly area 
in the western part of the Czech Republic) are examined. The area 
is particularly suitable to study the complexity of successional 
patterns because of the exceptionally large tracts of forests that 
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have naturally been established since the middle of the 19th century 
on former agricultural land (Fig. 1). This enables the investigation 
of vegetation on sites with contrasting histories, including forests 
originating on sites of abandoned villages (Paper I), arable fields, 
meadows, and pastures (Paper II; Paper III). Simultaneously, large 
tract of Doupovské hory are covered with well preserved ancient 
forests that were compared with the recent ones (Paper I; Paper 
III). Based on these studies, the importance of disturbance regimes 
and past inputs and outputs of nutrients on the variability of the 
current vegetation was evaluated. 

At the same time, the region is well suited to study 
processes acting on the landscape scale such as the migration of 
forest species to newly established habitats. Forest species 
distributions were studied with a special emphasis on former 
wooded pastures (Paper III). 

 

 
Fig. 1 Landscape change in the surroundings of Tocov village as 
shown in terrestrial photographs from 1940s (a) and late 1990s (b). 
The first photograph shows the landscape before the abandonment 
of the whole area in 1953. The second photograph depicts massive 
successional changes, which took place in the previously 
agriculture-dominated landscape. 

 
Presentation of the papers 

 
The core of the thesis consists of three original papers that 

explore vegetation variability, soils, and species distributions in 
abandoned landscapes in Doupovské hory. 

 

PAPER I - Relative importance of historical and 
natural factors influencing the vegetation of secondary 
forests in abandoned villages 

 
Vojta J (2007): Relative importance of historical and 

natural factors influencing the vegetation of secondary forests in 
abandoned villages, Preslia 79: 223-244. 

 



3 

Studies on secondary forests have typically been 
conducted on abandoned arable fields, less on meadows, and 
pastures. In contrast, forests growing on sites of abandoned 
settlements have been largely neglected. However, former human 
settlements provide a good study system to examine patterns of 
vegetation influenced by high inputs of nutrients caused by humans 
in the past. 

Secondary forests that have developed in abandoned 
villages in the Doupovské hory were surveyed and compared with 
ancient forests in an attempt to determine the effect of historical 
factors and separate it from that of natural gradients. The natural 
gradients were approximated by terrain characteristics derived 
from digital elevation model. Furthermore, the influence of 
historical factors on the chemical soil properties and vegetation 
variability was investigated in abandoned villages. 

High nutrient content in soils seems to substantially 
contribute to the differences between ancient forests and 
vegetation in abandoned villages in Doupovské hory (fig. 2). An 
investigation of the variability of secondary forests confirmed that 
their species composition was influenced by the phosphorus 
content of soils, which was, in turn, largely determined by the 
intensity of past human activity. Additionally, historical disturbance 
regime influenced the vegetation. The effect of historical factors on 
vegetation was relatively strong and could not be explained by 
coincidental initial conditions.  

 
Fig. 2 Result of the CCA 

analysis. The village effect was 
tested as a categorical variable 
while the environmental properties 
(slope, altitude, HLI, TSI150, 
TSI750, WTI, canopy cover) and 
geographic coordinates were used 
as covariates in order to filter out 
initial environmental conditions 
and possible spatial gradients. The 
village effect was significant at P 
= 0.002 and explained 2.1% of 
species variability. The diagram 
shows the first two ordination 
axes. 
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PAPER II – Land use legacies in post-agricultural 

forests in the Doupovské Mountains, Czech Republic 
 
Kopecký M, Vojta J (2009): Land use legacies in post-

agricultural forests in the Doupovské Mountains, Czech Republic, 
Applied Vegetation Science 12: 251–260. 

 
This paper represents an extension of the previous 

research beyond the abandoned villages. A more comprehensive 
evaluation of former land use effects on vegetation was possible 
due to greater variability in environmental conditions. The spatial 
extent of secondary forests enabled to use spatially stratified 
random sampling design to regularly cover a large part of the 
abandoned landscape.  

It was found that forest communities that originated on 
abandoned agricultural land were primarily determined by natural 
environmental conditions. However, the type of previous land use 
also modified the species assemblages of these forests and needs to 
be considered as an important determinant of their composition 
(fig. 3). 

 
Fig. 3  Example of Venn diagram 
showing the effects of the particular 
groups of variables on herb layer 
composition in the locality Tocov 
(Terrain – terrain attributes; Soil – soil 
chemical properties; Land use – type of 
previous land use). Conditional and 
shared effects were determined by a 
variation partitioning procedure and 
are expressed as percent of the total 
inertia. 
 
 

PAPER III – Woody vegetation continuity, 
topography, and distance to ancient forests have complex 
effects on the vegetation and species richness of 
abandoned pastures 

 
Drhovská L, Vojta J (submitted): Woody vegetation 

continuity, topography, and distance to ancient forests have 
complex effects on the vegetation and species richness of 
abandoned pastures. 
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The last paper investigates the persistence of forest 
species in abandoned wooded pastures and recently overgrown 
pastures. Generally, earlier studies have not examined species 
assemblages in wooded pastures. This is particularly surprising 
because historically, wooded pastures were relatively common 
across Europe, and these habitats can be viewed as analogous to 
the pre-historic forests grazed by wild animals 

This paper shows that former pastures with a long 
continuity of woody growth are able to support more remnant 
populations of forest species than recently wooded pastures. 
Sparsely wooded habitats, however, are not suitable to maintain the 
complete assemblage of forest species without immigration from 
relatively undisturbed closed forests. The presence of forest species 
and forest species richness is, in general, influenced by many 
interacting factors. Most importantly the interaction between 
distance to ungrazed ancient forest and canopy cover influenced 
the number of forest species (fig. 4). 

 

 
Fig. 4 The interaction effect of distance to ancient forest and 
canopy cover on the number of forest species. (a) Line – the 
relationship for 60% canopy cover, dots – samples with 50 – 70% 
canopy cover. (b) Line – the relationship for 70% canopy cover, dots 
– samples with 60 – 80% canopy cover. (c) Line – the relationship 
for 80% canopy cover, dots – samples with 70 – 90% canopy cover. 
All other significant variables (TSI and Y coordinates) were held at 
their mean values. 
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Conclusions 
 
The studies carried out in abandoned landscape in 

Doupovské hory contribute to the understanding of the general 
processes leading to the differentiation of forest vegetation. 
Persistent impacts of past human activities on secondary forest 
vegetation were confirmed in a wide range of environmental 
conditions and in sites with highly contrasting histories (abandoned 
villages, arable fields, meadows, pastures, and wooded pastures). 

An analysis of the vegetation of secondary forests led to 
several important conclusions. It was documented that the 
variability of newly established forests was enhanced by variation 
in former land use. The effect of former land use on vegetation was 
due to long-lasting changes in soil chemistry and legacies of former 
agricultural disturbances. In particular, the variability in available 
phosphorus in soils appeared to have long-lasting effects on 
vegetation. These results showed that secondary forests may 
represent highly variable ecosystems that support diverse species 
assemblages. This is an important finding of these studies as the 
earlier ones focused on the differences between ancient and recent 
forests and largely neglected the intrinsic variability of post-
agricultural forests. 

Recolonization of post-agricultural forests by forest species 
has been frequently studied. The studies from Doupovské hory 
contributed to this topic by investigating the persistence of forest 
species in abandoned wooded pastures and recently overgrown 
pastures. It was shown that former pastures with a long continuity 
of woody growth were able to support remnant populations of some 
forest species. Sparsely wooded habitats, however, could not 
maintain the complete assemblage of forest species without 
immigration from relatively undisturbed closed forests. The 
presence of forest species and forest species richness is influenced 
by many interacting factors. 
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