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Introduction 
Most of the world’s mountain areas have a long history of human influence and 
development and in the Carpathian Mountains (Europe) there has been several thousand 
years of human impact. Human adaptation to environmental gradients and limitations 
(elevation zones, seasonal weather changes etc.) has created a vertical system of land use 
in mountain areas. Expansion of forests into previous agricultural areas after a long 
period of deforestation has been recorded in the many places around the world.  

Several studies of the human impact on the structure and character of the tree line in the 
Carpathian Mountains were undertaken by Polish, Czech, Slovak and Hungarian 
naturalists in the beginning of the last century. After World War II, when most of the East 
Carpathians became a part of the USSR, Soviet and Ukrainian scientists carried out 
studies of natural and anthropogenic dynamics of vegetation.  

The aim of this paper is to assess changes in forest cover over the past two centuries; to 
evaluate the transformation of the traditional system of land use and identify threats to the 
Carpathian mountain ecosystem.  

Study area 
The East Carpathians are located in the central, most wooded part of the Carpathian 
Mountains. These studies were partly supported through the international project 
“Carpathian upper mountain forests: management and conservation for promotion of 
sustainable regional development”, funded by the Carpathian Foundation in 2002.  

 

 

Figure 1. Location of the study area in the Carpathian Mts. and Europe 



The transformation of land use between 1852 and 2000 was assessed on the main 
mountain ridges (Maramorosh Mountains, Chornohora, Svydovets, Borzhava and Eastern 
Beskydy) of the East Carpathians that stretches from Romania in the south, to Poland in 
the north, covering approximately 3000 km2  (Fig. 1).  

The tree line changes in the East Carpathians within the Ukraine were evaluated using 
historical cartographic materials: cadastral Austro-Hungarian surveys, 1852-1864; Polish 
Military Institute topographic maps (WIG 1930's); Hungarian Military Department maps 
of the 1940's; Ukrainian topographic maps, 2000; economic maps edited by State 
Forestry Department in the Transcarpathian region of Ukraine, 1998; as well as modern 
GPS mapping and satellite data (Landsat ETM+ images). 

History of human impact 
Human influence in the Carpathian Mountains dates back to the Mesolithic age. Long-
term changes can be seen in the vegetation records which indicate that, even at this time, 
local people were harvesting some wood from the region. Waves of migrating and 
colonising people moved through the region at the beginning of the first millennium. 
From the 9th to 14th centuries, fire was used to clear areas of forest for settlements, greatly 
increasing human impact on the forests.  

In the 16th century, Walachs migrated from the south throughout the East to West 
Carpathians, having a major impact on the culture of mountain settlements. Most of the 
land below 800m elevation was cleared of forest and a large part of the river watershed 
was transformed to agricultural land use. The belt above 800m was used mainly for 
grazing. Several pastures were cleared within the forests up to the tree line (1200-1400 
m), forming an intermediate pasture zone called poloniny (mountain meadows). Natural 
alpine meadows located above the tree line survived because the new pasture areas were 
created by clearing upper mountain spruce (Picea abies) and beech (Fagus sylvatica) 
forests, dwarf pine (Pinus mugho) and green alder (Alnus viridis) krummholz.  These 
habitats were transformed into poloniny as well.  

In the 19th century when the main railways were built across the Carpathian Mountains, 
forests were opened up to commercial exploitation. During this period, large areas of 
beech forests were clear-cut and reseeded with spruce or often with seed from non-native 
species, such as for example Douglas fir (Pseudotsuga menziesii). The resulting forests, 
particularly monodominant spruce stands were more vulnerable to natural hazards.  

In the 20th century forest expansion began after new regulations of the Austro-Hungarian 
Empire, but this process was interrupted by the post-World War II political and 
economical changes, particularly development of kolkhoz (collective farms in former 
socialist countries) agricultural land use. An intensive exploitation of mountain forests in 
the East Carpathians during the Soviet time has reduced the area of upper mountain 
forests and krummholz, increased erosion and exacerbated natural hazards (floods, mud 
flows etc.). In the 1950s, the proportion of forested land in the study area was the lowest 
since documentation began.  

Results 
Based on the estimates of the upper forest boundary and environmental conditions in 
which it was formed, seven types of tree line in the East Carpathians were distinguished: 



thermal, wind, orographic, edaphic, avalanche, biotic and anthropogenic. Depending on 
the vertical distribution of the woody species, two variants of the tree line were 
recognized in the East Carpathians: the western beech and the eastern spruce tree lines. In 
the beech variant (Fig. 2), the tree line is formed of beech (F. sylvatica), occasionally 
mixed with sycamore (Acer pseudoplatanus) and mountain ash (Sorbus aucuparia subsp. 
glabrata). In the spruce variant (Fig. 3), the tree line is formed of spruce (P. abies), 
occasionally mixed with stone pine (Pinus cembra).  

 
Figure 2. Beech (Fagus sylvatica) tree line in the East Carpathians (Photo V.Kricsfalusy) 

 

 

Figure 3. Spruce (Picea abies) tree line in the East Carpathians (Photo V. Kricsfalusy) 

On the south-west slopes of the East Carpathians, in the Transcarpathian region, the 
average tree line of beech forests is 1190m in the western part and 1280 m in the eastern 
part, sycamore forests – 1160m and 1270m respectively. The average tree line of spruce 



forests is 1370m and that of disjunctive phytocenoses is 1470m, while the upper limit of 
the solitary trees at least 8m high is 1485m. On the north-east slopes of the East 
Carpathians, in the Lviv, Ivano-Frankivsk and Chernivtsi regions, the average upper 
spruce forest boundary is higher and reaches 1470m.  

The gathered data enable us to analyse the historical changes of the upper tree line in all 
main mountain ridges of the East Carpathians.  However, similar patterns of vegetation 
have been found in each of the ranges, and that allows us to analyze in the present paper 
the results just from the one of the studied mountain ridges, particularly one which is 
called Svydovets.  

Svydovets is one of the biggest and most picturesque ranges of the East Carpathians. The 
present total area above the tree line covers approximately 633 km2; the mean altitude of 
the tree line of whole ridge is 1338.2m (Fig. 4). A comparison of the tree line 
characteristics in 1852 and 2000 shows that the general area of polonyna decreased by 
1094.4 ha (14.7%) and the altitude of the tree line became higher by 47.5m (3.7%) within 
the whole sample area.  

 

 

Figure 4. The present tree line of the Svydovets range over a 3D digital elevation model 
(altitude 1000 m above see level) 

Analysis of vegetation dynamics under human impact shows that the subalpine scrub 
communities almost completely disappeared, being transformed into polonina with mat-
grass swards (Nardus stricta) or communities dominated by blueberry (Vaccinium 
myrtillus) with very low plant diversity. Only in some places where management was 
impeded by conditions such as steep slopes has the original vegetation survived (Fig. 5).  



 
Figure 5. The changes of the tree line of the Svydovets range during the past two 
centuries (1852-2000): 1 – area transformed into mountain meadows, 2 – deforested 
area, 3 – overgrown area with trees and bushes, 4 – main mountain peaks.  

Analysis of tree line distribution on cadastral surveys reveals that this situation has 
developed over a long time span and that human impact in this area was very intensive 
for at least the last two centuries. Aside from the direct effect of shepherding, another 
important factor in the case of Svydovets could also have been the burning of grass and 
krummholz which is nowadays observed in this area. 

Although the shepherding pressure in Svydovets range decreased here in the 1990's (as 
across the whole Carpathian Mountains after the collapse of the socialist economic 
system), the vegetation dynamics is quite stable and it can be presumed that even without 
any management the situation would not change rapidly in coming years. 

Discussion 
This study suggests that the tree line is in a certain dynamic equilibrium depends both on 
relevant physical and geographical factors that stipulate it and anthropogenic influences. 
The tree line formed naturally and not affected by human impact is called the natural or 
potential forest boundary. 

Climate change will likely cause the current tree line to advance upward. There is already 
a general trend toward increased growth in high altitude areas. Several studies show an 
increased growth of established trees and saplings above the tree line. This may be a 
general phenomenon in sub-Arctic and Arctic sites, as a widespread increase in shrub 
abundance has been seen in Alaska.  

It has been determined that apart from natural factors (windthrow from storms, avalanches, 
soil and thermal gradients), the most important factor for lowering of the tree line is 
anthropogenic: grazing, cutting trees for the building of summer houses, stables, fences, fuel 
etc. In place of primary communities there appeared secondary ones which occupy over half of 
the whole sub-alpine zone. Secondary communities are formed according to the same 
successional scheme. Spruce and beech forests, dwarf pine and green alder krummholz, 



thinned out as a result of cutting, trampling and less frequent burning, are changed first by 
annual grasses, then by various perennial grasses and finally, by dense turf communities which 
tolerate grazing and trampling better. 

In conclusion, we found that the expansion of forests, related changes in land use systems 
and biodiversity conservation may apply not only to alpine areas (vertical systems) but to 
sub-arctic ones (horizontal systems) as well. The results derived from this study 
recommend extending research to other regions with the methodology presented above. 
Using the Carpathian tree line ecosystem responses to past human impact and climate 
change as a case study, we can provide an insight into possible scenarios of response to 
future change and can elucidate factors that may influence the overall predictability of 
such responses.  

The necessity of the tree line restoration requires precise data for its right configuration. 
This would help solve the problem relatively inexpensively, promoting development of 
the forest and pasture economy and integrating it with nature protection objectives. 
Restoration of a traditional forest and pasture economy is one of the methods of 
supplying sustainable development of the mountain regions. 
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