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SUMMARY

The tourist trails of Skybovi Gorgany and Chornohora (Ukrainian Carpathians) are analyzed as well as
different stages and degrees of trails degression are revealed. Erosion processes evolve on the V stage
of recreational degression. It is established that tourist trails differ in the general condition and degrees
of recreational degression and the length of the sections with the manifestation of erosion processes.
Such diversity depends on the relation to the main elements of the relief, geological substrate, soil and
plant cover and the amount of recreational load. Erosion processes are the most appreciable on the
tourist trail “to Hoverla mountain” and “Dovbush trail” due to excessive recreational load. Finally, the
authors propose organizational, managerial, and engineering activities for improving the condition of
the trail.
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Introduction

Carpathian National Nature Park (NNP) in the Ukrainian Carpathians is extremely popular for active
recreation. NNP includes the regions of the mid-mountain massifs of the Skibovy Gorgany and
Chornohora and Vorokhtyano-Putyla lowland. There are more than 40 trails of the tourist, scientific,
ecological and educational type, three ski and three water routes with a total length of more than 250
km. The most popular trails there are «to Hoverla mountain», «to lake Nesamovyte», «Dovbush trail»
and «to Yavirnyk mountain». Mid-mountain areas of NNP are characterized by the most unique relief
forms of denudation, glacial, fluvial genesis and geological outcrops, which could be the reason for the
formation of geopark «Highlands of the Ukrainian Carpathians» (Bogucki et al., 2012). In the
Chornogora massif geopark includes Carpathian Biosphere Reserve, and nature reserve «Gorgany» in
Skybovi Gograny. Excessive recreational load causes the formation of erosive forms of microrelief on
the tourist trails Fidelus-Orzechowska et al. (2017) states that recreational attractiveness of nature
reserves is significantly reduced because of trails digression.

Methods and Theory

During research of microrelief changes and the erosion signs on tourist trails in Carpathian NNP the
following methods were used:

1) establishment of cross-sections for monitoring of changes in the morphological and morphometric
characteristics of the trails and erosion washes, seasonal dynamics and directions of degression
and erosion-accumulation processes in key areas of the park. Instrumental measurements have
been carried out regularly twice a year (May, September) since 2005 (Gnatiak, 2015);

2) photo fixation the condition of trails from different angles, which allows to visually record the
specifics of the external features of the microforms of the relief and the signs of erosion processes,
the regularities of their combination and distribution. In order to illustrate the scale of the photo
image, a system of multi-colored measurement rulers was used to indicate the types of exogenous
processes on geomorphological maps: landslide-sand processes - dark red, linear erosion - orange,
planar erosion - light green, suffusion - blue, etc. Contours of erosive microforms were marked
with pink rulers and their morphometric parameters were marked with pink lines with white
measurement marks;

3) instrumental measurements of transverse profiles along the entire length of tourist trails to
calculate the volume of loose material washed away by erosion processes and establish degrees of
recreational microrelief digression (Brusak, 2018).

Brusak & Lenevich (2020) declares that soil-vegetation cover is the main indicator of the recreational
load on touristic trails for natural complexes. The condition of soil-vegetation cover serves as diagnostic
tool of recreational degression. Time series of changes in the components of natural complexes is
sequentially compiled as follows: vegetation (for meadows) or forest litter (for forests) — soils — relief
— geological substrate. Gensiruk et al. (1987) differentiate five types of recreational degression. Brusak
(2018) proposes to use the special indicator «degree of recreational degression» for IV and V stages of
recreational degression. It helps to reflect the signs of qualitative changes in the state of trails’
microrelief. The work divides special levels into: «episodic degression» (for IV stage), «not strong
degression», «temperate degression», «average degree of degression», «strong level of degression» and
«catastrophic degree of degression». Erosion forms are developed and denudation processes can be
indicated according to the last stages of recreational degression.

Results

Tourist trails within Skybovi Gorgany and Chornohora are investigated during 2016-2021. These areas
belong to the Carpathian NPPs territory. Tourist routes «Dovbush trail» and «to Makovytsia mountain»
near city Yaremche are located within Skybovi Gorgany. Tourist routes «to Hoverla mountain», «Prypir
— Zaroslyak», «to lake Nesamovyte», as well as «Prut valley — Marishevska mountain — Shpitz
mountain» are located in Chornohora. The stages of recreational degression of natural complexes are
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established, and the width of the trace and the depth of the erosion groove are measured. Tourist routes
differ in the general state of recreational degression and in the length of segments with the erosion
processes signs. Table 1 shows the degradation stages of natural complexes in microrelief of the trails.
This approach is used for trails «to Hoverla mountain» and «to lake Nesamovyte» in the Chornohora
massif, as well as for «Dovbush trail» and part of path route «to Makovytsia mountain» in Skybovi
Gorgany.

The results of exploration of tourist routes in Chornogora are presented in publication (Brusak,
Shtuglynets, 2021) (table 1). Thus, the peculiarities of the development of erosion processes on tourist

routes Carpathian NNP in Skybovi Gorgany can be considered.

Table 1 The stage of recreational degression of microrelief on the tourist trails in Carpathian NNP

The stage of The degree of recreational | The volume of The The groove
recreational degression of microrelief | lost material, width of depth of
degression of the m3/m? trail’s trail’s
nature complex canvas, m | canvas, cm
v Episodic degression 0.01 - 0.025 to 1.5 to 5
\Y Not strong degression 0.025 - 0.05 1.5-1.6 5-10
\Y Temperate degression 0.05-0.075 | 1.6-1.75 10-20
v Average level of 0.075-0.1 1.75-2.25 20-30
degression
v Strong level of degression 0.1-0.25 2.25-2.75 30-50
v Catastrophic level of 0.25-05and | >2.75- > 50
degression more 3.0

«Dovbush trail» (4km) extends to the lower part of the Makovytsia mountain slopes (984.5m) in the
heights of 540-745m above sea level and is characterized by widespread outcrops of massive Yamna
sandstones (figure 1). According to the location relative to the elements of the relief on the «Dovbush
Trail», sections with sub-horizontal, transitional and slope (longitudinal, transverse and serpentine)
types of tracing course are distinguished. (Gnatiak, 2004).

Sub-horizontal type of tracing is characterized with the aligned extension, considerable width (2.5-3.5
m) and the presence of a central elevation and two descents on the sides. In the thalwegs of descents
rainfall runoff, erosion of sediments and partial cut into the base of the trail are concentrated. On this
type of trail section, the IV stage of recreational degression is mainly observed.

The feature of the transition type of the trail is the gradual increase in the steepness and size of the
debris, the presence of a central descent with a shallow channel of temporary water flows. Two subtypes
are distinguished on the «Dovbush Trail»: smooth «cobblestones» and «cobblestones with rubble»
(Gnatiak, 2004). The first subtype (500-600 m above sea level) is characterized by width of 2.5-3 and
smoothed/polished fragments (15-25 cm) of sandstones, which determined the name. On another
subtype of the trail (540-560 m above sea level) there are accumulative sediments; the width of the trail
is about 3 m and along its sides to the depth of 50-70 cm the soil cover and indigenous rocks are exposed.
The channel of the temporary flow meanders along the entire width of the trail. From the height of 560
m, the steep ascent of the trail begins, its width narrows to 1.5-2 m, in some places the trail branches
into three tracks due to its adaptation to sandstone outcrops and tree roots. The trail stretches in the form
of serpentine across the slope and is characterized by the V stage of recreational degression.

The longitudinal type (560-625 m and 680-740 m) is characterized by the step-like form of the trail
with a stony, root or root-stone edge of the steps. The root-step aspect of the trail is represented by
randomly exposed tree roots in the form of separate steps. The platform of the steps with up to 30 cm
width is composed of soil with a layer of fine debris and dead leaves (conifer), outlined by tree roots.
In the vertical part of the step, the soil cover and bedrock are exposed. The outer parts of the outcrops
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of native rocks are polished, devoid of moss or lichens. The width of the trail varies from 70 cm to 2 m,
and the height of the steps is 10-25 cm. As the size of the debris increases (from 50 cm to 1-2 m), the
number and depth of erosion cuts increases.

Transverse and serpentine types of the trail alternate with longitudinal sections along its entire length
at heights of 625-675 m and 725-740 m. The width of the trail reaches 0.7-2.5 m. On the upper side can
be observed exposure of tree roots and sandstone fragments, whereas on the other side kind of shaft
(with height of 20-30 cm) made of accumulative material could be indicated. In some places, with a
slight ascent or descent, the transverse sections of the trail turn into serpentine ones with no shafts.
Sharp differences in the steepness of the terrain on the longitudinal and serpentine sections of the trail
lead to the emergence of erosive landforms. The slope type of the trail is mainly characterized by the V
stage of recreational degression.

Dovbush rocks

48.440

48.435

24.555 24.560 24.565 24.570

Figure 1 Location of erosion processes on Dovbush Trail

On the tourism trail «To Makovytsia mountain» (8 km), three sections are distinguished according to
the location relative to the elements: 1) gentle valley slopes, 2) alternating sections of the route on steep
and gentle slopes, 3) steep climb to the top of the mountain of Makovytsia. The beginning of the trail
runs along a stone forest trail on a gentle slope, which is dominated by stage V of weak and moderate
degrees of recreational degression. In the middle part of the trail, moderate degree of the V stage of
degression is observed. The ascent to the top of the town of Makovytsia mountain runs through a
deforested area, where there is medium and strong level of V stage of recreational degression.

Monitoring studies of the state of the routes are carried out on the trails «To Hoverla mountain» (14
sections), «Dovbush Trail» (12 sections), «Prypir - Zaroslyak» (10 sections) and on the trail on the
forest meteorological site of the Chornohora Geographical Station (CGS) of the Ivan Franko National
University (6 sections). It was established that the smallest signs of erosion processes and changes in
the microrelief are observed on sections of trails with a subhorizontal extension, - the trail on the forest
site of CGS and the watershed and foothills of the route of the tourist trail «Prypir-Zaroslyak». The
greatest signs were indicated on the slope sections of the route of the trail «To Hoverla mountain». The
nature and presence of rock outcrops have significant influence on the development of erosion processes
on the paths. In particular, the massive Yamna sandstones cause minimal changes in the slopes of the
«Dovbush Trail» route throughout the year, and the thickness, exposure and density of the root system
of trees contribute to the accumulation of material on the routes of all investigated trails within the forest
belt.
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Conclusions

The nature of a recreational degression and its dynamics for two trails «to Hoverla mountain» and
«Dovbush trail» shows, that the condition of the trails could not be improved in a natural way. We
propose special organizational, management and engineering measures. The restoration of the practice
of annual trails duty to Hoverla mountain is an option. This will allow the partial recovery in a natural
way It is needed to limitate the number of tourists on holidays in trails «to Hoverla mountain», «to
Makovytsia mountain», and «Dovbush trail». There is a couple of necessary engineering activities such
as: covering the trail’s part with natural stones and gravel, limitate the trails by the system of handrails,
and tracing the top parts of «to Hoverla mountain» as well as «to Makovytsia mountain» trails in a
zigzag manner.
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