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Abstract: As a consequence of political and socio-economic changes, which have been taking place currently in Poland, 
land use has been modified. Reforestation is quite common phenomenon for the areas which are excluded from agricultural 
use. This process was examined in two mountain areas in Polish Carpathians: Lower Beskid and Gorce. It was found out, 
in both cases, that secondary vegetation succession and forest encroachment are taking place. The area covered by forest 
has increased significantly in the relation to non-forest area with the course of time. Two different approaches to investigate 
vegetation succession are presented. Glades may be treated as areas where reforestation occurs or the forest patches 
might be treated as the type of land cover which expands.
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Introduction

Reforestation belongs to long term changes in landscape and is quite common phenomenon in Polish 
Carpathians nowadays. This process was examined in general in the Polish Carpathians by J. Kozak (2005), in 
Middle Beskid by K. German & P. Sadowski (2005) and K. Ostafin (2009), in Lower Beskid by M. Soja (2001a; 
2001b), M. Dygoń (2001), W. Maciejowski (2001) and W. Warcholik (2005a; 2005b), in Gorce by R. Pyrkosz & 
P. Wężyk (1999). The main causes of reforestation include: depopulation as well as transformations in the policy 
and economy system. Its intensity and the most important reasons vary in different parts of the Carpathians. 
However, the effect is more or less the same – the area of forest increases, whereas non-forest area decreases. 
The aim of the paper was to present two different approaches to research on reforestation. On the one hand, 
glades may be treated as areas where reforestation occurs and on the other hand, the forest patches may 
be treated as the type of land cover which expands. The first approach was used to conduct research on 
glades overgrowing in upper montane belt in Gorce. Abandonment of mowing and grazing on glades led to 
encroachment of forest vegetation on non-forest areas, which were an important part of Gorce landscape. The 
second way was used to investigate the process of lowering the forest-field boundary in Pasma Magurskie 
(Lower Beskid), where the most significant fluctuations in population after World War II took place.

Materials and methods

The research was conducted in two mountain areas: Lower Beskid and Gorce. In Lower Beskid only one 
subregion – Pasma Magurskie (700 km2) was taken into consideration, and in Gorce only the upper montane 
belt glades for which aerial photographs from 1954 were available accounted for the study area (39 glades with 
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a total area 2.62 km2). Characteristic features of study areas are presented in table 1.

Table 1. The characteristic features of study areas

STUDY AREA PASMA MAGURSKIE UPPER MONTANE BELT IN GORCE
PHYSICOGEOGRAPHI-

CAL SUBREGION Lower Beskid Gorce

MAIN TECTONIC UNIT Magura Nappe Magura Nappe

ALTITUDE RANGE 300-847 m a.s.l. 1100-1310 m a.s.l.

CLIMATIC VERTICAL ZONES moderate warm, moderate cool cool
DOMINANT TYPE OF 

SOIL (WRB 2006) Cambisols Cambisols

ALTITUDINAL ZONES foothills, lower montane upper montane

PROTECTED AREAS partly Magura National Park partly Gorce National Park

The research was based on the comparison of land cover in two time steps. In case of Pasma Magurskie 
(Lower Beskid) the area of forest patches and in case of Gorce, the area of selected glades was compared. 
Map overlapping method accounted for the basis of analysis. Materials used for Gorce region consisted of aerial 
photos from 1954 (1:20 000) and orthophotos from 2003 (1:10 000), whereas for Lower Beskid topographic 
maps from 1978-1980 (1:25 000) and orthophotos from 2003-2004 (1:13 000) were used. Additionally, during 
the field work information on encroaching species and way of management and land use was collected.

Results and disscussion

As a result, maps of changes between two time steps were created. The scale of changes is presented in 
figure 1 for part of Pasma Magurskie study area, and in figure 2 for the part of upper montane belt in Gorce. 
Undoubtedly, in 25-year period in Lower Beskid as well as in 50-year period in Gorce these changes are 
significant. Quantitatively they are juxtaposed in table 2 and table 3. In Pasma Magurskie forest cover has 
increased for about 3.8% between 1978 and 2004, whereas in upper montane belt in Gorce area of examined 
glades has decreased by about 32.4% between 1954 and 2003. In both cases, reforestation occurs with unequal 
intensity within different parts of study areas and depends mainly on the way of management. There are some 
glades which have grown completely and others, on which succession is limited by human activity (fig. 1, fig. 
2). It happens more and more often that as a consequence of national parks’ policy glades are protected from 
reforestation in order to  preserve rare species of meadow plants and maintain scenic values.

Table 2. Changes in forest area in Pasma Magurskie between 1978 and 2004
1978-1980 2003-2004

km2 % km2 %
Total forest area, including: 460.27 69.4 485.44 73.2
Area of dense forest 455.38 68.7 481.40 72.6
Area of „forest islands” 4.89 0.7 4.04 0.6
Area of mid-forest glades 11.58 1.7 8.14 1.2

Additionally, changes in length of forest-field boundary within specific altitudinal intervals were investigated in 
Pasma Magurskie. It was found out that the forest-field boundary is the longest in the interval between 400 
and 500 m.a.s.l. and it has increased by over 5%, whereas the length of the boundary over 500 m.a.s.l. has 
decreased between 1978 and 2004. That is the evidence that not only the forest cover is increasing, but also 
the forest-field boundary is lowering.
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Table 3. Changes in area of examined glades in upper montane belt in Gorce between 1954 and 2004 

Region
Glades area

Decrease in glades area
1954 2003

km2 km2 %
I – Mt. Turbacz and Mt. Jaworzyna Kamienicka 2.92 1.93 0.99 33.8
II – Mt. Kudłoń 0.38 0.29 0.08 21.5
III – Mt. Gorc 0.58 0.39 0.19 32.2
Total 3.88 2.62 1.26 32.4

In case of upper montane belt in Gorce, the analysis of reforestation was supplement with comparison of 
archival (fig. 3) and contemporary (fig. 4) photos. Such a comparison was extremely helpful to visualize the 
scale of changes in landscape.

Table 4. Length of forest-field boundary by altitudinal intervals in Pasma Magurskie between 1978 and 2004

Altitudinal intervals
1978-1980 2003-2004

km % km %
below 400 m 264.2 17.5 342.2 21.5
400-500 m 681.8 45.1 805.3 50.5
500-600 m 438.0 29.0 377.1 23.7
600-700 m 125.9 8.3 68.6 4.3
above 700 m 0.2 0.0 0.2 0.0

Finally, the encroaching species of trees and shrubs were compared. It was found out that in both study areas 
pioneer species were the same or similar and include above all: spruce (Picea Abies), willow (Salix sp.), birch 
(Betula pendula), fir (Abies alba) and beech (Fagus sylvatica) (tab. 5). It is interesting that encroaching 
species were much more diverse in case of Lower Beskid study area. However, it is probably the consequence 
of more favorable environmental conditions which are connected with lower altitude.

Fig. 1. Changes in forest cover in part of Pasma 
Magurskie study area between 1978 and 2004

Fig. 2. Changes in forest cover in part of upper montane 
belt in Gorce between 1954 and 2003
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Table 5. Encroaching species of trees and shrubs

Fig. 3. Hala Turbacz in 1950s (A. Medwecka-Kornaś) Fig. 4. Hala Turbacz in 2009 (N. Tokarczyk)

To sum up, these two approaches lead to similar conclusions – increase of forest area means decrease of 
non-forest area and vice versa. However, after literature review it seems that the research on forest expansion 
and lowering of the forest-field boundary is much more common than the research on glades overgrowing. 
Apart from the simple analysis of percentage changes in area, also other indicators e.g. length of boundary in 
specific altitudinal intervals could be computed to enrich the studies. Another supplementary task is distinction 
of plant species which encroach on glades or are pioneer plants in forest expansion. Last but not least, a photo 
comparison method is a very useful tool, especially in the scale of changes visualization.
Nevertheless, it should be underlined that these two case studies are examples of two different approaches 
to detect long term changes in the landscape. Taking into account that the studies were conducted in different 
scales and that environmental features of study areas vary their quantitative results should not be compared. 
Instead of this, it is important to realize that landscape may be perceived differently depending on the study 
subject.

Conclusions

1. Both approaches allow to investigate such long term changes in landscape as reforestation. However, it is 
crucial to adjust the method to the purpose of the study, because every phenomenon might be considered from 
different points of view. 
2. Despite different time periods and various reasons in both cases ratio of forest to non-forest area has increased 
considerably with the course of time. The main cause for this changes in Lower Beskid was depopulation 
whereas in Gorce it was the collapse of pasture economy. 
3. Reforestation occurs with unequal intensity within different parts of study areas and depends on way of 
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management. 
4. In both study areas pioneer species are similar and include above all: spruce (Picea Abies), willow (Salix 
sp.), birch (Betula pendula), fir (Abies alba) and beech (Fagus sylvatica).
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