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ABSTRACT

Currently, we expected a altitudinal shift of forest vegetation upward under predicted
climate changes impacts to European mountains ecosystems. In this context can be very
interesting, that changes in alpine tree line ecotone in high European mountains were induced
by human activities relatively often also in history. Probably one of the most important driver
in land-use changes in high mountains was grazing, which significantly have influenced both
mountain spruce forests and open alpine grasslands in central-Europe. This paper deals with
historical changes of land-use in Hruby Jesenik Mountains (Czech Republic) during 19" and
20" centuries. Results revealed consequences of former grazing in mountain grasslands
above alpine tree line ecotone in the frame of land-use analyses based on historical maps and
other sources. These results, based on historical data, support our better understanding to
current dynamic changes in European mountain landscapes.

Keywords: Alpine tree line ecotone, importance of grazing, historical land-use changes,
mountain forests.

INTRODUCTION

At present, a gradual shift of the natural upper tree line to higher altitudes, owing to
climatic changes, is being monitored in all the mountain areas of Central Europe
(Garamvoelgyi & Hufnagel, 2013). These climatically conditioned shifts of the upper tree
line might, in certain localities, be slowed down as a result of the competition of the Norway
spruce (Picea abies) with the Prostrate Dwarf Pine (Pinus mugo), which was unnaturally
planted in the 19" and 20" centuries in some European mountain ranges with a view to
stabilizing the upper tree line, which had been disturbed by the grazing of farm animals
(Senfelder et al., 2014). In order to understand this complex phenomenon of the mountain
areas, it is vitally important to grasp the role of historic human activities in the past, such as
the mediaeval colonization of mountains connected with the local intensive exploitation of
forests by grazing and litter raking (Samonil & Vrska, 2007).

This article deals with the historical changes in the mountain ecosystems of the alpine tree
line in Central European mountains. The Alpine tree line ecotone (ATLE) represents
a transition zone between mountain forest ecosystems and Alpine grassland ecosystems. The
ATLE is considered one of the most important ecological interfaces in mountain landscapes
around the world (Treml et al., 2016). The ATLE is formed by trees that often occur in clonal
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groups surrounded by prostrate shrubs (Senfelder & Madéra, 2011). An important strategy
enabling trees to form and maintain stands in environments where seedling growth and
survival are limited by cold is vegetative reproduction. Tree line ecotones in western North
American mountains contain Abies lasiocarpa, Picea engelmannii, and shrubby
Chamaecyparisnootkatensis; those in central Kamchatka include Larix gmelinii and Pinus
pumila and those in the Carpathians in Europe have Piceaabies and Juniperus communis ssp.
Alpine (Honnay et al., 2004).

The ATLE plays an important role in the provisioning of ecosystem services of montane
forests (Kolstrom, 1998). On a global scale, the most important factor determining the ATLE
is temperature (Svajda, 2008). On a regional and local scale, the dynamics of the ATLE and
SFBA are determined by a number of specific factors that may often interact (wind pressure,
topography, coupled with the dynamics of avalanches and the local distribution of snow,
vegetation structure, and anthropogenic activities such as various land use activities. The
ATLE in the European mountains has been shaped in the past by grazing, haymaking, and
logging. Especially historical grazing is considered as the main driver which induced the
downward altitudinal shift of the ATLE in recent centuries. Today, we can recognize an
opposite trend — an upward shift of the ATLE, caused by climate change (Garamvoelgyi &
Hufnagel, 2013). These current climate-induced shifts of the ATLE are locally influenced by
both natural disturbances and the individual responses of tree species (Macku, 2014).

In order to gain a better understanding of this complicated environmental issue, it is very
important to gain knowledge of the history of mountain ecosystems affected by man. The
main objective of this paper is to analyse the historical land use changes of the ATLE on the
basis of a case study from the Hruby Jesenik Mountains in the period 1836-2016.

METHODOLOGY AND MATERIAL

Study area

The study area is the Pradéd National Nature Reserve (NNRP), which is located in the
Hruby Jesenik Mountains (HIJM), in the north-eastern part of the Czech Republic (Central
Europe). The highest peak in the study area is Pradéd — 1491 metres above mean sea level.
The surface forms were modelled by mountain glaciers in the glacial period (Demek &
Mackov¢in, 2006; Ktizek et al., 2005; Treml, 2007). The soils are Cambic Podzols with a
high content of skeletal material (Ktizek et al., 2008; K¥izek et al., 2019). The forests below
the ATLE in the NNRP predominantly consist of acidophilous spruce forests and above the
ATLE habitats of Alpine grasslands (Chytry et al., 2010). The total size of the study area is
2,031.4 ha.

Probably the oldest records about vegetation status in the study areas was published by
Micklitz (1857). During 20" century, many authors studied alpine vegetation in the study
area (Bednar, 1958; Bednat, 1960; Bures & Buresova, 1989; Bure§ & Kralik, 1977; Hejcman
et al, 2006; Hejcman et al., 2010; Jeriova, 1970; Musil, 2010; Neuhdusl &
Neuhéuslova-Novotna, 1966; Novak et al., 2010; Treml & Banas, 2000). Special attention
has been focused on the forest management related to alpine tree line in the study area (Jenik
& Lokvenc, 1962; Madéra et al., 2011; Sokol, 1965; Treml & Kiizek, 2006; Treml et al.,
2016; Wild & Wildova, 2002; Wild & Winkler, 2008; Zeidler et al., 2010).

A brief summary of relationships between human activities and natural habitats in the
study area published Bures et al. (2008). The key study of human impacts on alpine habitats
in the study area are included in the papers of Bures et al. (2005), Hosek (1964), and Novak et
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al. (2010). E{ecently, there were pyblished important studies aimed to tree ecology in the
study area (Senfelder et al., 2016; Senfelder et al., 2020).

Methodology of land-use changes assessment

In order to analyse the land-use changes in the area being monitored, four reference years
were selected and suitable basic map data for analyses was selected for each year: maps of
the stable cadastre of Moravia and Silesia for the reference year 1836, topographic maps of
the Czechoslovak Republic (the so-called five-centimetre map) for 1946, a military
topographic map of the General Staff of the Czechoslovak Army for 1960, and the Basic Map
of the Czech Republic for 2016.

The maps of the stable cadastre of Moravia and Silesia were created between 1826 and
1830 and 1833 and 1836. The objective of this historical mapping during the existence of the
Austro-Hungarian Empire was to create cadastral maps for every settlement of the Moravian
and Silesian lands on a scale of 1:2880. The maps of this historically stable cadastre provide
a detailed view of the land use at that time (Skalos et al., 2010). Map sheets for the following
parts of villages were used for this study: DomaSov/Thomasdorf, Kouty nad
Desnou/Winkelsdorf, Lou¢na nad Desnou/Kozianau, Rejhotice/Reitenhau,
Rudoltice/Rudelsdorf, Vernifovice/Warmsdorf, Karlov/Karlsdorf, Mald Moravka/Klein
Mohrau, Mnichov/Einsiedel, Zd’arsky Potok/Brandseifen, and Zelezna/Buchbergsthal.

The topographic maps of the Czechoslovak Republic (the five-centimetre map) were
created in the period between 1934 and 1938 and later 1945 and 1949, with the territory of
the Hruby Jesenik mountains that was monitored being mapped in 1946. The mapping was
carried out in what is known as Krovak’s projection (a conformal oblique conic projection).
The following map sheets were used in this study: 540 1056 Domasov from 1946, 540_1064
Pradéd from 1946, and 540 1072 Stara Ves from 1946.

The army topographic maps of the General Staff of the Czechoslovak Army were created
between 1957 and 1973 on a scale of 1:10 000. The map for the territory that was monitored
was created in 1960, on the basis of a Gauss-Kruger conformal cylindrical projection. The
following map sheets were applied for the analysis of the territory that was monitored:
M-33-071-C-b-3, M-33-071-C-b-4, M-33-071-C-d-1, M-33-071-C-d-2, M-33-071-C-d-3,
M-33-071-C-d-4, M-33-071-D-a-3, and M-33-071-D-c-1.

The Basic Map of the Czech Republic on a scale of 1:10,000 is, at present, the most
detailed map on a medium scale projecting the entire territory of the Czech Republic in 2006
and continues to be further updated. The territory that was monitored was, within the
framework of this map, updated in 2016.

The above-stated map documents and materials were analysed by means of GIS
(geographic information system) tools with the ArcGIS 10.6 software from the ESRI
company and all operations were solved within the S-JTSK Krovak East North coordinate
system. After the map sheets had been recorded into the software program, each of the sheets
was georeferenced. The basic map of the Czech Republic on a scale of 1:10,000 was selected
as the base map for georeferencing. At least four photogrammetric points (usually
mountaintops or corner points on the border of cadastral territory) were determined for each
map sheet. The error indicator for georeferencing, “Tolerance Total RMS Error”, ranged
between values of 0.3 and 4.9.

The vectorization of the base documents and materials created line layers for the upper tree
line for each reference year.

The upper tree line was, for the purposes of this study, defined as a transition zone between
a forest-with-a-closed-canopy ecosystem and an Alpine forest-free-area ecosystem (Treml &
Banas, 2000).
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The forest below the upper tree line was, for the purposes of this study, defined as growth
with a minimum tree coverage of 50% of the area, the height of the trees being a minimum of
5 m, and with an area of minimum 1 are (Senfeldr & Madéra, 2011), whereas the Alpine
forest-free area was defined as a negation of the above-stated forest definition.

On the basis of the map documents and materials, the vectorization also created a shapefile
point layer of local chalets. These chalets used to serve the purposes of hunters, shepherds, or
hikers. Altogether 31 chalets were marked on the territory that was monitored. On the basis
of identification in the map documents and materials, it was decided for each of the chalets
whether it existed — 1 — or did not exist — 0 — for the given periods. Some of the chalets
(mountain cabins in the past) served as starting points for shepherds and animals that were
grazing in the surroundings.

For better orientation in the map outputs, we selected five points, namely Pradéd (1,491
mamsl), Velka Jezerna (1,248 mamsl), Vysoka hole (1,465 mamsl), Velky M4j (1,386
mamsl), and Maly Klin (1,100 mamsl). These points were marked as a vector point layer
based on the WMS ZM 10 map layer. A network of watercourses was selected as another
map orientation element.

RESULTS

Brief review of historical context for land use changes in the territory that was
monitored

In the Hruby Jesenik mountains, the forests originally belonged to the deep border forest
between Moravia and Silesia (Nozicka, 1957). From the 12 to the 14" century, the deep
forests on the border were divided as a consequence of colonization. The area was distributed
to the individual land estates of Branna, Janovice, Lou¢na, Velké Losiny, Jesenik, Zlaté
Hory, and Bruntal (Fig. 1).

Until the 13th century, beech and fir woods used to spread up to the mountain ridges of the
Hruby Jesenik (Nozicka, 1957). People started to utilize the massif of the Hruby Jesenik
more intensively only in the 15th and 16th centuries, for the purpose of hunting, wood
production, and agriculture. First, the lower areas of the Hruby Jesenik were used. Land use
spread from the deposits of iron ore, i.e. from Zlaté Hory, Jesenik, and Rymartov. A relatively
large amount of wood was needed for iron ore processing, and was, for a long time, obtained
by logging in the surrounding areas. Similarly, pasturing was originally carried out especially
in the lower parts of the forests. The upper tree line was avoided by man for a long time. As
late as in 1750, local records stated that there was a lot of rotting wood and blown-down trees
lying over each other in the area of the Lou¢na forests below Pradéd (Hosek, 1973).

The forests originally spread up to the mountain ridges and forest-free areas were limited to
small territories around the highest peaks of Pradéd, Vysoka hole, and Keprnik. At the end of
the 18" century, when the consumption of processed wood grew significantly, selective
wood cutting was abandoned and replaced by clear cutting. Clear cutting was used on
significantly large areas, which often reached up to the upper tree line, and the clearings were
not even properly reforested (Bohn et al., 2002).
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Fig. 1: Division of the deep border forest into individual land estates.

Source: Hosek, 1973.
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In the 18th century, intensive grazing of sheep and cattle was carried out on the mountain
areas that had been cleared after deforestation. Such intensive grazing began to support the
extension of cleared mountain areas, especially on the eastern slopes of Pradéd (Hosek,
1972). The first recorded mention of the above was in 1736, when a map of the Velke Losiny
land estate indicates that there was a Cesnek House/Knoblochhaus, which served as
a dwelling for shepherds and for the storage of dairy products, located below Maly Déd.
Around 1750, the grazing of herds on the cleared mountain areas was already quite regular.
In 1829, a new hut was inhabited, located on the original site of the Cesnek House. This place
began to be called Svycarna/Schweizerei after the nationality of its inhabitants. Another
mountain house, Ovcarna/Schaferei, also boasts a rich history. The house was reconstructed
in 1863 and replaced the original building from 1820. It was very well equipped by the
standards of the time, because, apart from an animal shelter for sheep, it also featured a flat
for the shepherd and rooms for processing milk. Ov¢arna soon became a popular destination
for hikers and also foresters (Knappe, 1803).

At first, people used to build only modest practical chalets in the highest mountain areas,
which were, however, as time went on, extended and reconstructed. 31 mountain chalets
were recorded in the territory that was monitored (Table 1). Only three of them were used for
housing sheep and cattle — Ov&arna, Svycarna, and Kurzovni.

The first mentions of the land use in the area and chalets for hiking come from the 1840s.
For example, in Svycarna, hikers could seek shelter from unfavourable weather, get
something to eat, or stay overnight. From 1860, Svycéarna’s purpose shifted mainly to acting
as a shelter for the landlord’s huntsmen and as a lodging house for hikers. The Frantiskova
forester’s lodge, which managed to keep the singular character of its timberwork for a long
time, was also used for huntsmen’s purposes. In 1887, a new chalet was constructed
exclusively for hikers (Hosek, 1970). It is obvious from period photographs that grazing was
popular in the surroundings of Svycarna even in the 20" century. The cattle were housed in
a facility close to the chalet (Fig. 2).

Fig. 2: Grazing around Svycarna in the 20™ century
Source: private archive

SCHWEIZEREI
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Table 1: Mountain chalets in the selected part of the Pradéd highlands1836-2016

No. |Name Constructed in 1836-1946 |1946-1960 |1960-2016
vystavby
1 Kamzi¢i chalet 1 1 1
2 Barborka 1883 1 1 1
3 Ovc¢arna 1820 1 1 1
4 Maloklinska chalet 1 1
5 Petrovka 1 1 1
6 M¢sicni bouda 1 1 1
7 Ludvikova bouda 1 1 1
8 Josefinka 1915 1 1 1
9 FrantiSkova myslivna  [1865 1 1 1
10 |Jezerna 1902 1 1 1
11 |Dé&dova chalet 1 1 1
12 |Bobina 1 1 1
13  [Kotelska chalet 1 1 1
14 |Alfrédka 1 1 1
15 |Kurzovni chalet 1887 1 1 1
16 |Pradéd viewing 1912 1 1 1
tower/transmission tower
17 |Svycarna 1829 1 1 1
18  [Hubertka 1 1 1
19 |Silonova chalet 1 1 1
20 |Sabinka 2002 0 0 1
21 |Figura 1994 0 0 1
22  |Jeleni chalet 0 0 1
23 |Sokoli chalet 1 1 1
24 |Eustaska 1 1 1
25 |Hladova chalet 1 1 0
26  |Jezerni chalet 1 1 0
27  |Cesnekova chalet 1736 1 1 0
28 |Kamenna chalet 1 1 1
29  |Zamcisko 1 1 0
30 [Jeleni chalet 1 1 1
31 [Postal/hikers’ chalet 1940 1 1 1
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In 1883, people began reforesting the bare mountaintop areas around Pradéd, Maly Dé&d,
and Vysoka hole. Reforestation was carried out under the name of “prize culture”. The
reforestation activities reflected the appeal made by the Austrian Imperial Association of
Foresters on 24 June 1853. Successful works were rewarded with a prize granted by the
monarch, hence the name “prize culture” (Ho$ek, 1973). The plan expected to reforest
3.42 km?. The reforestation activity was stopped in 1907, with only 1.65 km? completed. The
reforestation was finalized only in the Pradéd area, where the original planned area was
0.77 km?2. Within that activity, two species of pine were planted, dwarf mountain pine (Pinus
mungo) and Swiss pine (Pinus cembra). Altogether 62,680 seedlings of dwarf mountain pine
were planted. In the case of Swiss pine, the foresters planted 385,341 seedlings; their
production required 612 kg of seeds. All the seeds came from Alpine countries (Hosek,
1965).

The reforestation seemed successful, and the prevailingly Swiss pine growth grew for 20 to
40 years. After that, however, the pines began to die out in an avalanche manner and
disappeared quickly. Only narrow strips of dwarf mountain pine below the peaks of Pradéd
and Vysoka hole remain till today from this period of reforestation (Hosek, 1972). The strip
of the dwarf pine on the southern up to the south-eastern slope of Pradéd is located between
contour lines at an altitude from 1,390 to 1,400 m (Fig. 3). This strip of reforested dwarf pine
covers an area of 8.5 ha. The non-indigenous dwarf pine and spruce growth might, in the
interaction, have both competitive and facilitating elements, depending on the gradient of the
local climatic stress. Spruces that are surrounded by dwarf pines have smaller coverage or
overlapping of small branches than independent groups of spruces.

Fig. 3: A belt of dwarf mountain pines planted from the beginning of the 20" century
on the Praded’s southern slope
Source: private archive

72



Journal of Landscape Ecology (2021), Vol: 14 / No. 3

A decline in the grazing of sheep in the Pradéd highlands occurred only in the second half
of the 19™ century. Raising sheep ceased to be profitable in this country, especially because
of the competitive cheap imported wool from Australia. Another reason was the finding that
grazing in high mountain areas is harmful for the forests, whose economic significance was
growing considerably in this period (Hosek, 1973). Starting from the beginning of the 20™
century, raising sheep declined in importance. The decline in the profitability of raising sheep
was caused by the loss of markets and the low prices of wool, meat, and cheese.

In 1921, the Desensko-Pradéd pasture association was established and concentrated its
grazing activities in the area of today’s Kurzovni chalet. The original building had
dimensions of 40 x 10 m and provided space for 150 head of cattle. The last time this place
was grazed, by approximately 40 head of cattle, was in 1942. Cattle grazing in the Pradéd
highlands gave way to grazing at the foot of the Hruby Jesenik and the herds were housed in
lower locations, in the newly built premises of united agricultural cooperatives (known as
JZD) and state farms.

The last 40 years of the 20™ century can be characterized, as a result of the decline of
grazing, by the renewal of beech and fir growth (Samonil & Vrska, 2007).

After the liberation of the Jesenik area on 5 and 6 May 1945, the expulsion of the local
German inhabitants was gradually prepared. This expulsion of the Germans from the entire
borderland, as well as the Jesenik, Sumperk, Rymaiov, and Velké Vrbno areas, actually
caused the complete displacement of the country and a substantial collapse of agriculture and
industry. Towns and villages began to be populated by Czech citizens. However, this
resettlement was not complete and some of the houses deteriorated or were demolished or
deliberately removed.

The new settlers, however, did not manage to adopt the lifestyle of the displaced German
inhabitants. Frequently, the new settlers did not know the specific local methods of farming.
On top of this, they were often allocated different land from the original owners of the farms.
The new inhabitants began to occupy lower areas, while the higher mountain parts were
practically not affected. Afterwards, the era of collectivization took place, during which large
state-owned estates and farms were established. This concentration of small farms into big
ones was translated into the foundation of large industrial corporations and high-density
stables in the hottest regions of the Jesenik mountains. Another impact on the local landscape
and its character was caused by the development of company recreation in the mountain
areas, individual weekend recreation in the form of chalets, cottages, and weekend country
houses, and the construction of new skiing resorts. On 25 July 1969, the Jesenik region was
declared the Jeseniky Protected Landscape Area.

Changes in land use on the territory that was monitored

Development of the upper tree line in the period between 1836 and 2016

In the course of the monitoring period of 180 years, the land use in the area of the Pradéd
highlands that was monitored saw significant changes. The area was divided into three types
of land use: forest, forest-free area, and transitional forest. The forest-free area is to be found
in the top parts of the Vysoka hole mountain ridge and in a south-westerly direction to Pec,
and also the top of Pradéd and a small area on Maly Déd near the Svycarna chalet (Fig. 4).
The transitional forest surrounds the entire forest-free area. The most significant area covered
by the transitional forest is the western slope of the Vysoka hole ridge in the south-westerly
direction up to Velky M4j and further in the northern part of the territory from Pradéd in
a north-westerly direction to the Maly Klin mountaintop. Other pronounced areas of the
transitional forest can be found in the southern part of the mountain ridge from the top of
Pecny in a northerly direction to Pec and further on the eastern slope up to the level of the
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Jeleni hibet mountaintop (Fig. 5). The forested area covered 79 % of the territory, the
forest-free areas 6 %, and the transitional forest 15 % of the territory.

Fig. 4: Svycarna around 1900 year
Source: private archive
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Fig. 5: Land use in a part of the Pradéd highlands between 1836 and 2016
Source of data: CUZK, VGHMUY, VUV T.G. H and our own elaboration in 2019
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Time period between 1836 and 1946

In the period between 1836 and 1946, the upper tree line moved upwards and vast
reforestation of the mountain forest-free area occurred. The reforested area covered 9.89 km?
and the deforested area was 1.04 km?. In 1946, the northernmost place with a mountain
forest-free area was the top of Maly Dé&d. The mountain forest-free areas in a north-westerly
direction from Maly Dé&d were reforested. This covers the area of Maly Klin, as well as the
northern part of the mountain ridge leading from Velky Klinovec in a south-easterly direction
through Vyrovka and Maly Jezernik and further to Maly Déd. Another phase of significant
reforestation occurred on the mountain ridge between the Maly Déd and Pradéd
mountaintops and also on the Pradéd western and eastern slopes. On the other hand, a part of
the forest west of the Barborka chalet on the southern slope of Pradéd was deforested. Further
deforestation took place around the Ovéarna chalet. Significant reforestation took place on
the western slope of the Vysoka hole ridge south-west of Velky Maj. The western slope of the
Jeleni hibet Pecny mountain ridge from Jeleni hibet to Pecny was deforested. On the other
hand, the eastern slope was reforested up to the area of the Pec mountaintop.

The comparison follows the map of the stable cadastre for 1836. In that year, forests
covered an area of 73.59 km? and there was a forest-free area of 17.25 km?. In 1946, the
comparison follows the topographic map of the Czechoslovak Republic (five-centimetre
map). In that year, forests covered an area of 82.45 km? and the forest-free area was 8.40 km?.
Between 1836 and 1946, an area of 1.04 km? was deforested and 9.89 km? was reforested
(Fig. 10). In that period, the mountain forest-free areas were used, above all, for the grazing
of sheep and cattle. In summer the animals were pastured at higher altitudes. Only the
following three mountain chalets were used for housing animals: cattle were housed in the
Svycarna and Kurzovni chalets and sheep in the Ové&arna chalet (Fig. 6).

Time period between 1946 and 1960

In the time period between 1946 and 1960, deforestation clearly prevailed over
reforestation. The deforested area was 3.40 km? and the reforested area was 0.73 km?,
Reforestation is obvious on the south-western slope of Maly Déd, on the south-western slope
of Pradéd, the western slope of Velky Maj, and the western slope of the mountain ridge
between Bfidli¢na hora and Pecny. Significant deforestation took place on the mountaintop
of Maly Dé&d and continued further in a south-easterly direction towards Pradéd. The northern
and western slopes of Pradéd were also deforested. Another phase of deforestation took place
around the Dédova chalet. In this time period, the upper tree line came down and thus the
forest-free area spread in all directions around the Vysoka hole mountaintop. The last area of
deforestation took place on the eastern slope of Velky M4j in a south-westerly direction up to
Pecny.

The comparison follows the topographic map of the Czechoslovak Republic
(five-centimetre map). In 1946, forests covered an area of 82.45 km? and the forest-free area
was 8.40 km?. The comparison for 1960 follows the army topographic map. In that year,
forests covered 79.78 km? and the forest-free area was 11.07 km?2. In the time period between
1946 and 1960, an area of 3.40 km? was deforested and 0.73 km? was reforested (Fig. 7). This
time period is characterized significantly by the expulsion of the Sudeten Germans from the
region and the resulting termination of large-area pasture. The mountain chalets that then
served as shelters for shepherds and pasture were reconstructed, extended, and adjusted for
recreational purposes.
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Fig. 6: Changes in ladn use in a part of the Pradéd highlands between 1836 and 1946
Source of data: CUZK, VGHMU¥, VUV T.G.M. and aour own elaboration in 2019
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Fig. 7: Land use in the territory that was monitores between 1946 and 1960
Source of data: CUZK, VGHMU¥, VUV T.G.M. and aour own elaboration in 2019
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Fig. 8: Land use of the territory that was monitered in the time period between 1960
and 2016 o ) )
Source of data: CUZK, VGHMUY, VUV T.G.M. and aour own elaboration in 2019

[ forest

treeless area

forested area 0
[ deforested area

79



Mackovéin P., Machar L, Brus J,, Zakova B.: Changes in the alpine tree line ecotone in the Hruby Jesenik Mountains
(Czech Republic)

Time period between 1960 and 2016

In the time period between 1960 and 2016, reforestation clearly prevailed over
deforestation. The reforested area was 3.23 km? and the deforested area was 0.57 km?. Most
of the deforestation took place in the area of the Maly Déd mountaintop. Other areas affected
by deforestation were parts of the south-eastern and north-western Pradéd slopes. The valley
between Velky M4j and Jeleni hibet was also deforested. On the other hand, the mountain
ridge between Maly Dé&d and Pradéd was reforested. Another significant phase of
reforestation took place on the south-western, southern, and south-eastern Pradéd slopes. The
north-western and north-eastern slopes of Vysoka hole were also reforested.

The comparison follows the army topographic map from 1960. In that year, forests covered
an area of 79.78 km? and the forest-free area was 11.07 km?. The comparison for 2016
follows the basic map of the Czech Republic, when forests equalled a value 82.44 km? and
the forest-free area was 8.41 km? (Fig. 8).

DiscussiON AND CONCLUSION

During the 180 years of the research period, the land use in study area were significantly
changed. As time went by, the upper tree line changed and likewise the extent of the Alpine
forest-free area. At first, the area was significantly deforested, owing to timber production for
iron ore mining and processing. The natural regeneration of the mountain forest was limited
by sheep and cattle grazing. Later, planning for reforestation occurred. The results stated in
this study may be partially compared with those of Treml and Bana$’s study (2000), the
authors of which used the method of panchromatic imagery from aerial images in order to
define the Alpine tree line. They measured the current area of the Alpine forest-free areas
around Maly Dé&d, Pradéd, and Vysoka hole to be 9.72 km?and the total area of the Alpine
forest-free area is, according to these authors, 0.76 km? larger than that shown in our results.
This difference may be caused by the differences in the methodology used for defining the
Alpine forest-free area (Rejmanek et al., 1971).

On the evidence of our results, the area of the Alpine forest-free area was at its largest in
1846 (it was 17.25 km?according to the stable cadastre map). This was influenced by the fact
that the top parts of the Pradéd highlands were intensely used both for sheep and cattle
grazing and timber production. Timber production was, in that period, carried out in the form
of clear cutting, which reached up to the upper tree line. On the contrary, in 1946 the
forest-free area was the smallest (8.40 km?), possibly also as a result of anthropogenic
activities being suppressed in the territory that was monitored during the Second World War
and also in relation to the forced expulsion of the Sudeten Germans from the entire region of
the Jeseniky mountains. In 1960, the Alpine forest-free area increased (11.07 km?), possibly
in relation to the development of the intense utilization of the region mainly for recreational
purposes (the chalets that were originally for shepherds and hunters were changed into
sizable recreational properties).

Only three mountain ranges in the Czech Republic reach above the upper tree line — the
Krkonose (the Giant Mountains), Hruby Jesenik, and Kralicky Snéznik (Jenik, 1961). In the
Krkonose, only certain sub-parts, formed prevailingly by crystalline rock, can, from the
geomorphological point of view, be classified as the sub-Alpine level. The first of them is the
KrkonoSe ridges culminating in the four highest mountaintops of the Czech Republic
(Snézka, 1,602.3 mamsl, Luéni hora, 1,555.3 mamsl, Studni¢ni hora, 1,554.4 mamsl, and
Vysoké Kolo, 1,508.5 mamsl). The second of them is the Krkono$e forks, following the
valleys of welling streams and the first tributaries of the Elbe and Upa.
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Climatic conditions in the high areas of the KrkonoSe inhibited the possibility of
high-forest growth, which results in a relatively short vegetation period because of the low
temperatures. That is why the spruces around the upper tree line are low and deformed by
climatic factors (by wind, snow, and frost). To a certain extent, they resemble bushes. They
individually penetrate the growth of dwarf pine — bushy mountain dwarf pine (Pinus mugo).
At altitudes between 1,250 and 1,500 mamsl the dwarf pine forms growth with a more or less
closed canopy. The dwarf pine reaches Krkonose the northernmost location of its spread in
the Krkonose. In peat bogs, the dwarf pines form what is known as special ‘table’ forms. It is
difficult to determine the absolute age of the dwarf pines. The oldest branches to be studied
were, according to year rings, over 320 years old but, with respect to the fact that decumbent
branches of the species enroot easily, the original old part of the polycormon may die out and
disappear. On the contrary, younger branches survive at the edge of the dwarf pine or it may
even become the basis for a ‘new’ polycormon. The dwarf pine thus spreads easily in a
vegetative way. Reproduction through seeds is not as common as the herbaceous vegetation
does not provide enough opportunities for their germination. The vegetation below the dwarf
pine differs significantly from the local grassland communities as the intense shade, thick
layer of undecomposed needles, and relatively very acid soil reactions create similar
conditions to mountain pine forests (Sebkova et al., 2011).

That is the reason why the dwarf pine is accompanied by species of plants typical for the
spruce level, such as Homogyne alpina, Trientalis europaea, Rhodococcumvitis-idaea,
Vaccinium myrtillus, Avenella flexuosa, and Calamagrostis villosa. The shade below the
dwarf pine provides good conditions for the cloudberry (Rubus chamaemorus), which grows
here in its standard size. The dwarf pine growth also provides a home for several species of
insects. The caterpillars of Dendrolimus pini and Neodiprion sertifer feed on the pine
needles. The basis of pine needles provides feed for the larvae of a little fly, Thecodiplosis
brachyntera. The needles that are affected turn yellow and fall at the end of their
development in August or September. In the bark of, especially damaged, branches, there
live the six-toothed bark beetle — Pityogenes chalcographus — which is rather well known as
a spruce pest, and Pityogenes conjunctus.

In the Alpine zone of the Krkonose, the dwarf pine growth alternates with sub-Alpine
meadows and peat bogs. Towards the mountaintops, the dwarf pine growth becomes thinner
and changes into what is known as Alpine grassland. These areas are characterized by low air
temperatures (annual average 0-1 °C, July temperatures just over 8 °C, and the daily
temperature average does not exceed 0 °C for six months of the year).

During the 17 century, people started to make hay in the area of the upper tree line of the
Krkonose ridges and forks and above it, and later on, they used the land for pasture. This led
to the construction of the first settlements on the Krkonose ridges. This was the beginning of
what was called the cabin economy, which, as the landlords soon realised, meant good
opportunities for the economic improvement of mountain estates. The first cabins in the
dwarf pine zone were already founded in the first half of the 17" century. The dwarf pines
growing in the vicinity of these cabins had to be cut down and gave way to grassland and
pastures. The enclaves around the mountain ridge cabins significantly lowered the upper tree
line, specifically from 1,250 m to even down to 1,000 mamsl at times. At the beginning of the
19" century, there were altogether 1,621 cabins on the territories of selected Krkonose land
estates, especially on the Jilemnice, Vrchlabi, and Marsikov land estates. If we add the cabins
from the Silesian part (then Prussia) and the Zaclét land estates, we come to the astonishing
figure of 2,500 cabins. The number of grazing animals amounted to approximately 20,000
head of cattle, 10,000 goats, and lower numbers of sheep and horses.
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Kralicky Snéznik is a rugged highland, a massif formed by the gneiss of Orlice-Kladsko
crystalline complex and limited in the western part by the Kladsko shift (Demek &
Mackov¢éin, 2006). The primary forest-free area in the region is formed, above all, by
sub-Alpine vegetation spreading only in the highest parts of Kralicky SnéZnik (1,423.7
mamsl). This is a complex of many communities above the upper tree line which boasts
species diversity. In the depressions in the terrain, marsh alderwoods grow on waterlogged
soils (Alnion glutinosae) with tall sedges, Humulus lupulus, Iris pseudacorus, Solanum
dulcamara, and, at times, with the rarer species Cicuta virosa and Ranunculus lingua.
Alderwoods with the following species also find their home here — alderwoods with Carici
elongatae- Alnetum, alderwoods with Calamagrostio canescentis-Alnetum and alderwoods
with Carici acutiformis-Alnetum) (Krahulec, 1975).

The geomophological unit of the Hruby Jesenik, with its highest Moravian mountain,
Pradéd (1,491.3 mamsl), is an extensive mountain range. It is divided into three unequally
elevated and erosion-rugged massifs or sub-units: the Pradéd, Keprnik, and Medvéd
highlands. The geological structure of the Hruby Jesenik is very complex, comprising a wide
range of metamorphic rock types which form Hercynian orogeny construction. In restricting
the massifs, tectonic disorders occur in the NW-SE and NNE-SSW directions. They are
reflected in the presence of pronounced and deep mountain saddles (among others the
following mountain saddles: Cervenohorské sedlo, Ramzovské sedlo, and Videlské sedlo).
In the highest parts of the Hruby Jesenik and Kralicky Snéznik, the upper (Alpine) tree line,
runs at an altitude of approximately between 1,300 and 1,350 mamsl where the sub-Alpine
and Alpine vegetation comes into contact with the spruce woods (Vahalik & Mikita, 2011).

The dwarf pine growths (corresponding with Myrtillo-Pinetummughi, Pinionmughi) are,
however, non-indigenous in the Hruby Jesenik as well as Kralicky Snéznik; they come from
widespread planting that already commenced in the mid-19" century. Bushy growths
(Salicion silesiaceae) inhabit the steeper slopes of avalanche tracks in the area of the upper
tree line. Betula carpatica and Salix silesiaca are typical species. These communities are to
be found only in the top parts of the Hruby Jesenik in the Pradéd national reserve, especially
in the Velka and Mala kotlina folds (Simon et al., 2014).

From the botanical point of view, the Alpine forest-free area is to be found in three
locations in the Czech Republic: the Krkonose, Kralicky Snéznik, and the Hruby Jesenik
(Soukupova et al., 1995).

The upper tree line in the Hruby Jesenik and Kralicky Snéznik has several common
features and differs significantly from the upper tree line in the Krkonose. A significant
difference in the upper tree line lies in the herbaceous cover. The dwarf pine growth is
non-indigenous in the Hruby Jesenik and Kralicky Snéznik. In the Krkonose, the trees at the
upper tree line are, on average, taller and with larger differences in height, which might be
caused by a higher degree of planting spruces at the upper tree line (Treml & Banas, 2000).

In the Hruby Jesenik, the Alpine forest-free areas lie in seven regions and their total area
amounts to 1,103 ha. The maximum upper tree line in the Czech Republic reaches its highest
altitude in the Hruby Jesenik, namely on the western slopes of Pradéd, up to an altitude of
1,430 mamsl. In Kralicky Snéznik, the forest-free area is the smallest and reaches the extent
of 65 ha. The forest-free area in the Krkonose is, with its extent amounting to 5,465 ha, the
largest in the Czech Republic (Table 2).
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Table 2: Basic characteristics of the upper tree line in the Czech Republic
Source: Krahulec, 1975

Mountain range Krkonose Kralicky Snéznik | Hruby Jesenik
Average altitude of the upper 1,230 1,305 1,302
tree line (m)

Total area of the current Alpine 5,465 65 1,103
forest-free area (estimate) (ha)

Understanding the historical development of the Alpine tree line is of great importance for
the future sustainable management of mountain ecosystems (Svoboda et al., 2012). Our
study of the historical land use in the Hruby Jesenik Mountains supports the effort to
maintain these unique ecosystems (Andreska, 2012). These findings can also be important
for better knowledge of reconstructing the history of grazing in Europe in the past. Currently,
the historical influence of grazing on the alpine tree line in the Hruby Jesenik Mountains is
being enhanced by downhill skiing (Hedl et al., 2012).
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