
31

ABSTRACT

Key words: 
capacity scores, matrix, natural heri-
tage, cultural ecosystem services, 
expert-based assessment

The importance of the landscapes for the development of recreation and ecotourism is significant 
but very little studied. Usually, scientists use spatial units to map and assess the ecosystem services 
CORINE land cover or similar classifications. Traditional multi-level landscape classifications, 
very well-known and developed in the XXth century in Bulgaria, Russia, and other Eastern and 
Central European countries, could give valuable information for various indicators for ecosystem 
services assessment. From another hand, these classical landscape ecological maps are very little-
known for the international scientific audience. We decided to conduct an experimental mapping 
and assessment of ecosystem services based on multi-level landscape classification. For this, 
we have chosen a case study area with hilly karst relief, which is part of the inner Predbalkan 
Region, located in North-Central Bulgaria. The site represents a scientific interest in terms of 
its transitional position between the Stara Planina Mountain and the Danube Plain and the 
presence of various anthropogenic changes. The study aimed to develop and test an original 
methodology for mapping and assessment of the capacity of the contemporary landscapes in the 
Strazhata syncline upland and Melovete hills to provide cultural ecosystem services – recreation 
and ecotourism. The results showed that 70% of the territory has medium or higher capacity, 
dominated mainly by karst areas with natural vegetation in protected sites.

1. Introduction
Scientists from different countries have different perceptions 

of the landscape, its definitions, mapping and classification system 
accordingly. Hugget and Perkins (2004) argue that core concepts of 
‘landscape’ stem from European sources. Most Germanic languages 
used the word ‘landscape’ (“landschaft” in German; “lantschap” in 
Dutch) in the early Middle Ages as a counterpart for the Latin words 
– “regio”, “patria”, or “provincia”, meaning area, territory, or region. 
In German-speaking countries, academics dealing with landscape 
science are S Passarge, C Troll, L Finke, G Haase, E Neef and others 
(Konteva 2004). In the early XXth century, Passarge (1921) developed 
the idea of   natural landscapes, and later H Ellenberg, Finke (1996) 
and others proposed definitions of landscape (Neef 1961, Neef et 
al. 1967, Richter 1961, Richter 1967, Haase et al. 1991, Potchin 1996, 
Haase and Mannsfeld 2002). In the Russian landscape studies, VV 
Dokuchaev (1898) and LS Berg (1913), considered to be the founders 
of landscape science, followed by AA Grigoriev, B Polinov, NA 
Solntsev 1948, AG Isachenko 1961, 1962a, 1962b, 1963, and others. 
Like Passarge, Berg (1938) views the geographical landscape as a set 
of objects and phenomena. Set in which the features of relief, climate, 
water, soil, flora and fauna and, to some extent - human activity, 
merge into one, typical and recurring in a given area on   the Earth. 
According to Zhelezov and Nedkov (2019), and Tzvetkov (2021) 
the first landscape studies in Bulgaria have been applied by Radev 
(1921), Yaranov (1933), Batakliev (1934) and Penkov (1943).
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There are various classification systems in landscape science in 
which landscapes are grouped, according to particular approaches 
and principles applied in the study. Bulgarian scientists adopted the 
classifications of NA Gvozdetsky, AG Isachenko, VA Nikolaev and LN 
Beruchashvili and further developed them into regional studies. As 
Tzvetkov (2021) explains, landscape maps in the Eastern European 
studies are the standard basis for characterising the horizontal 
landscape structure, and the map’s legend reflects the landscape 
classification.

Nowadays, the importance of landscape studies in Bulgaria is 
more or less shading due to the reorientation of researchers to other 
study areas. The number of scientists and studies in the last ten years 
is decreasing, and only a few people are exploring landscapes in their 
classical dimensions (Konteva et al. 2008), i.e. regarding theoretical 
aspects (Stoyanova 2016, Zhelezov and Nedkov 2019, Petrova 2020, 
Tzvetkov 2021), geophysical processes (Todorov and Alexiev 2012, 
Petrova 2014) and geochemistry of landscapes (Cholakova 2019, 
Tamburadzhiev and Cholakova 2020, Penin and Zhelev 2020). The 
modern landscape ecologists in Bulgaria follow the international 
landscape studies trends, mainly covering ecosystem services and land 
cover development (Grigorov et al. 2015, Nedkov 2018, Sarafova 2018, 
Assenov and Grigorov 2018; Gikov 2019, Nam and Tamburadzhiev 
2019, Tamburadzhiev 2020), adoption of nature-based solutions, 
urban planning, pollution of waters and river valleys (Stoyanova et 
al. 2020, Aydarova et al. 2020). At the same time, only a few academics 
are publishing their studies internationally in prestigious academic 
journals (Nedkov and Burkhard 2012, Ihtimanski et al. 2020, Dodev 
et al. 2021). Thus, (i) limits the spread of the findings to a small 
national group of scientists, and (ii) reduce the development of 
more complex and internationally significant studies. This could be 

improved by conducting more experimental studies and integrating 
traditional multi-level landscape classifications and maps with 
modern studies such as ecosystem services assessment.

This study aims to propose an original methodology for 
mapping and assessing ecosystem services. To test the methods for 
a particular case study area and selected cultural ecosystem services 
and demonstrate that the multi-level landscape classification could 
be a valuable tool for ecosystem services studies.

2. Materials and methods
2.1. Case study area (CSA)

The study area is situated in North-Central Bulgaria, between 
Stara Planina Mountain to the south and the Danube Plain to the 
north. According to the geomorphological characteristic, the site 
is part of the so-called “inner” or “low” part of the Predbalkan 
region (Kanev 1989). Two main features included in the study area 
– Strazhata syncline upland to the south and Melovete hills to the 
north (Fig. 1).

In the 261 km² study area, the widespread limestones cause karst 
topography, which predominant forms are high bare rocks, caves, 
sinkholes, karst fields, karst closed depressions and karst lake (Fig. 
1). The site becomes significantly important because of the three 
rivers – Yantra, Dryanovska and Anduka, crossing the Strazhata 
upland and forming long narrow gorges. The highest point in the 
area is the Bozhurya peak (768 m), located in the Strazhata, and the 
lowest point is 135 m high. 

Under the influence of karstification and because of the specific 
structure of the Strazhata and Melovete and wide distribution of 
limestone, many different underground and surface rock forms were 
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Figure 1. Location and characteristics of the CSA: A Yantra river gorge, B-C Bilyakovets Lake, D Minin Kamuk Karst Rocks.
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formed. The studied area falls into two karst regions - Belyakovsko-
Arbanashki to the north and Strazhansko-Debeldyalski to the south 
(Popov 1976). As Angelova (2003) defines, the karst in the Strazhata 
is "the most typical of a syncline structure". Karst in the area is 
represented in various karst forms and karst fields, sinkholes, rock 
crowns, over 25 caves, karst springs and one lake – Bilyakovets Lake 
(Gerasimov 1984).

The climate in the region is temperate-continental with hot 
summers and cold winters, with maximum rainfall in summer and 
minimum in winter. The average annual temperature is about 11 °C, 
and the annual precipitation is about 680 mm. The most common 
soils in the area are light grey (albic, LVa) and grey forest soils 
(haplic, LVh). There are also azonal alluvial-meadow soils (eutric, 
FLe), diluvial-meadow (gleyic, CLg) and humus-carbonate (rendzic, 
LPk). According to the altitude division of the vegetation in Bulgaria 
(Assenov 2006) the CSA covers two of the natural vegetation zones 
- a belt of xerothermic oak forests (up to about 700 m) and a belt of 
mesophilic oak and hornbeam forests (between 600-700 m to 900-
1000 m).

Administratively, the region covers parts of the districts of 
Veliko Tarnovo (northeast) and Gabrovo (southwest). The area ratio 
between the lands of the two districts is 1:4 in favour of the Gabrovo 
region. The municipalities whose territories fall within the study 
area are Dryanovo (about 40% of the region), Gabrovo (30%), Veliko 
Tarnovo (25%) and Sevlievo (5%). The number of settlements is 
over 70, 4 of them are urban - Veliko Tarnovo, Debelets, Dryanovo 
and Gabrovo. An important feature, which is also observed in other 
transitional and mountainous regions of the country, is that with 
increasing altitude from north to south, the number and density of 
settlements increase, and their size decreases.

2.2. Spatial units. Landscape classification

The most common landscape classifications schemes of Bulgaria 
are two. The first one followed the classification scheme of N. 
Gvozdetsky and was used to compile a landscape map of Bulgaria at 
a scale of 1:400,000 (Petrov 1979). The second one (Beruchashvili et 
al. 1989) followed the classification scheme of Beruchashvili (1986, 
1990) and was used to compile a landscape map of Bulgaria at a scale 
of 1:500,000 (Velchev et al. 1992)

As a basis for the landscape classification and map of the 
landscapes in the CSA, we used the landscape classification initially 
developed by Beruchashvili et al. (1989) and later refined by Velchev 
et al. (1992). Sharing Isachenko's views on the leading factor in the 
differentiation of individual levels and using additional criteria such 
as vegetation formations, the ratio between heat and humidity, the 
authors compile a landscape map of Bulgaria at a scale of 1:500 000.

The most extensive taxonomic level in the study area is the 
landscape class (level 1). The leading factor for its characteristic 
is the relief and the most significant morphological structures. 
Given the transitional position of the Predbalkan region (between a 
mountain and a plain), we have classified two classes of landscapes – 
Mountainous and Plain and hilly landscapes.

The second taxonomic level is the type of landscapes (level 2). 
The hydroclimatic conditions, identical for the different territories 
and influencing the distribution of the vegetation, are the primary 
factor in its differentiation. According to the various combinations 
between the climatic features, temperature and humidity, the general 
features of the structure, and the hydrological conditions, Velchev 
et al. (1992) classified types of landscapes, such as hilly subtropical 
humid, flat, and flat hilly Mediterranean semi-humid, etc. According 
to these criteria, three landscape types have been identified in the 
CSA, two zonal - Mountain type moderate warm semi-humid 
landscapes and Plain and hilly moderate warm humid, and one 

azonal type - Hydromorphous and sub-hydromorphous landscapes.
The third taxonomic level is occupied by the genus of landscapes 

(level 3). The main factor in its separation is the type of predominant 
relief related to the chemical features of the underlying rock base and 
the ongoing geomorphological processes. According to the criteria, 
seven types of landscapes have been separated - two within the 
Mountain type moderate warm semi-humid landscapes, four within 
the Plain and hilly moderate warm, humid landscapes, and one 
within the Hydromorphous and sub-hydromorphous landscapes.

The fourth level includes the units of landscapes, and the main 
factor is the soil diversity within the area. We classified fifteen units 
within the previous level of the classification.  

According to anthropogenic interventions, the fifth level is the 
sub-units of landscapes, reflecting the primary vegetation. CORINE 
Land Cover classes are taken into account to separate the boundaries 
of the sub-unit landscapes. 

As a result of the analysis of the landscape-forming factors, the 
comparison of thematic maps on different scales for the components 
that make up the landscape and refining their content in the field, we 
developed a map of the contemporary landscapes of Strazhata and 
Melovete at a scale of 1:50 000. We used several thematic maps as 
a basis: a geological map at a scale of 1:100 000; a topographic map 
at a scale of 1:50 000; soil maps from the Institute of soil science, 
agrotechnologies and plant protection “Nikola Poushkarov” at a 
scale of 1:25 000; a map of the natural vegetation of Bulgaria at a 
scale of 1:600 000 (Bondev 1991), CORINE Land Cover (CLC 2018) 
and satellite images from the European Space Agency. All thematic 
maps were scanned and georeferenced. Based on them, we created 
new vector layers, which we further used to represent the individual 
levels of the classification system. The landscape map has been 
developed in a specialized GIS program - ArcGIS, version 10.1. Some 
of its components have been edited using a professional commercial 
program for raster image processing - Adobe Photoshop, version 
CS6. The map at a scale of 1:50 000 presents 41 landscape differences 
through alphanumeric designations according to the applied 
classification system systematized in 2 classes, 3 types, 3 subtypes, 7 
genera, 15 units and 41 sub-units of landscapes (Fig. 2). 

2.3. Ecosystem services

The cultural ecosystem services assessed in this study have been 
previously prioritised by Nedkov et al. (2021). Fifteen services were 
defined as high priority services. These services are obligatory for 
each mapping and assessment activity of the natural heritage of 
Bulgaria for the needs of recreation and tourism and serve as reference 
services for mapping at a national level. The first one is “IX Conditions 
for recreation by biotic systems”, including 1. Provision of recreation 
environment; 2. Provision of sports environment; 3. Provision of 
the environment; 4. Conditions for cognitive activity, all of them 
shortly named as “recreation”. The second one is “XIV Conditions for 
recreation by abiotic systems”, including 1. Provision of recreation 
environment; 2. Provision of sports environment; 3. Provision of 
the environment; 4. Conditions for cognitive activity, shortly named 
as “eco-tourism”. The sports activities we are identifying with this 
service include hiking, climbing and paragliding.

2.4. Assessment procedure

The assessment of the landscapes to provide ES has been 
achieved through the matrix approach, developed by Burkhard et 
al. (2009). As spatial units for the matrix assessment, we used 41 
contemporary landscapes in the area (Table 1 and Fig 2), classified 
and mapped by Prodanova (2018). The classification of the modern 
landscapes contains five levels, divided per the previously selected 
factors for landscape diversity:

Experimental mapping and assessment of ecosystem services based on multi-level landscape classification



34 H. Prodanova / Journal of the Bulgarian Geographical Society 45 (2021) 31–39

Figure 2. Contemporary landscapes of Strazhata upland and Melovete hills. 

Table 1. Landscape classification and assessment matrix.
A  S  S  E  S  S  M  E  N  T     R  E  S  U  L  T  S

Level 1 Level 2 Level 3 Level 4 Level 5 Area (km²) Cult. ES ∑ Rec Eco
1a Mixed broadleaf forests 0,39 10 5 5
1b Agricultural 0,19 6 2 4
2a Mixed broadleaf forests 6,01 10 5 5
2b Agricultural 6,47 6 2 4
2c Meadows 5,67 9 4 5
3a Mixed broadleaf forests 2,92 10 5 5
3b Agricultural 0,15 5 1 4
3c Meadows 0,79 9 4 5
3d Artificial coniferous forests 0,58 8 4 4
4a Mixed broadleaf forests 40,72 10 5 5
4b Agricultural 27,40 6 2 4
4c Meadows 9,96 9 4 5
4d Artificial coniferous forests 0,96 8 5 3
4e Orchard and vineyards 1,65 7 2 5

Colluvisols Gleyik 5c Meadows 0,96 10 5 5
6c Meadows 0,61 9 5 4
6f Mixed oak forests 1,01 9 5 5

Luvisols Haplik 7f Mixed oak forests 0,18 10 5 5
8b Agricultural 0,89 5 2 3
8e Orchard and vineyards 0,10 7 2 5
8f Mixed oak forests 2,64 10 5 5
9b Agricultural 5,96 5 2 3
9c Meadows 1,41 9 5 4
9e Orchard and vineyards 0,19 7 2 5
9f Mixed oak forests 1,34 10 5 5

10b Agricultural 0,41 9 4 5
10e Mixed oak forests 0,21 9 4 5
11b Agricultural 7,26 3 1 2
11c Meadows 2,54 7 4 3
11e Orchard and vineyards 0,12 6 1 5
11f Mixed oak forests 3,29 7 3 4

Leptosols Rendzik 12c Meadows 0,58 8 4 4
13b Agricultural 2,89 3 1 2
13c Meadows 0,68 7 4 3
13f Mixed oak forests 1,04 7 3 4
14b Agricultural 38,62 3 1 3
14c Meadows 9,23 7 4 3
14e Orchard and vineyards 2,13 5 1 4
14f Mixed oak forests 36,95 7 3 4
15b Agricultural 7,05 4 1 3
15g Riverside forests 8,50 9 4 5
Urb Urban landscapes 20,97 0 0 0

Total area 261,62

L  A  N  D  S  C  A  P  E          C  L  A  S  S  I   F  I  C  A  T  I  O  N

Mountain 
landscapes

Moderate warm 
Semihumid

Karst ridges over limestones Leptosols Rendzik

Luvisols Albic

Karst erosion-denudation 
hillsides over limestones

Leptosols Rendzik

Luvisols Albic

Plain and hills 
landscapes

Moderate warm Humid Karst ridges over limestones Leptosols Rendzik

Karst erosion-denudation 
hillsides over limestones

Leptosols Rendzik

Luvisols Albic

Luvisols Haplik

Denudation-erosion ridges 
over sandstones and marls

Luvisols Haplik

Erosion-denudation hillsides 
over sandstones and marls

Leptosols Rendzik

Luvisols Haplik

Hydromorphous and 
subhydromorphous

Acumulative lowlands and 
valleys

Fluvisols Eutric

4а

4а

14f

14b

4b

4b

9b

14f

8f

4а

14b

Urb

3а

4b

14f

14b

14f

4а

14b

4а

11b

9f

13b

15b

14f

9b

4а

4c

14b

2b

2c

2а

11b

14f

4c

14c

2c

2c

14f

14c

9c

3c

14e

2а

14f

2b

2b

11b

15b

14b

4d

14b

4b

4c
4c

4b

11f

11b

2b

2c

2а

14c

15b

Urb

2c

5c

2а

4b

11f

Urb

Urb

4b

4c

14c

2b

9c

Urb

14c

14c

2а

5c

11c

11c

2b

4c
2c

14c

Urb

14c

4c

2c

4c

15b

Urb

11c

Urb

4c

4c
2c

13f

4c

15b

2а

2b

11f

Urb

13b

Urb

14e

2b

3d

3d

15b

4c

Urb

2b

4e

4e

Urb

4e

14e

2b

Urb

Urb

Urb

Urb

Urb

Urb

Urb

4e

14c

Urb

2а

2а
2c

2а

15g

15g

4c

6f

15g

11b
13c

4c
4e

15g

6f

4c

8b

14c

4c

4c

9f

11b

15g

11b

12c

13b

4e

11f 15b

2b

1a

Urb

Urb

4c

13f

14c
14c

11c

2а

2c

Urb

13f

4d

6c

2b

4c

8b

14c

2а

4c

3а

11f

2а

3а

15b

2b

2b

Urb

9e

Urb

1b

10b

2а

14c

11f

11c

6c

Urb

9c

Urb

14c

4c

2c

7f

Urb

4c
3b

2а

2а

10е

4c

6f

4c

11f

6c

4c

1a

2b

15b

14c

2а

2c

2c

6f

11c

14e

12c

11c

4c

4c

13b

15b

6f 8e

15b

4c

8b

2b
4c

2а

10b

2а

6f

11e

11b

15b

2а

15b

2c

4c

8b

6c

11f

4c

2b

11f

8b

4e

11f

2b

11f

7f

2а

11f

3d

4e

6f

14c

2а
2а

2c

6c

2а

11f

11f

13f

8b8b

8b



35Experimental mapping and assessment of ecosystem services based on multi-level landscape classification

Figure 3. Distribution of the indicators: A-F Species diversity, (Himantoglossum caprinum (M.Bieb.) Spreng; Rosalia alpina L.; Hipposideros 
hipposideros Bechstein; Vormela peregusna Güldenstädt; Bombina variegata L.; Lucanus cervus L.) G Forest distribution, H Existing protected 
areas. Picture sources are listed in the end of the paper.

•	 Level 1 – Class landscapes (main relief type);
•	 Level 2 – Type landscapes (climate conditions);
•	 Level 3 – Genus landscapes (relief forms and base rocks);
•	 Level 4 – Units (soils);
•	 Level 5 – Sub-units (land cover).
The 41 contemporary landscapes have been rated by an expert 

assessment on a scale of 0 to 5 for both cultural ecosystem services – 
recreation and ecotourism, where zero means “no relevant capacity” 
and five means “very high relevant capacity”. We carried out two 
assessment maps, showing the capacity of the landscapes to provide 
recreation and ecotourism services.

Regarding critical specifics of the cultural ES recreation and 
ecotourism, we used the following seven criteria in the assessment 
process:

•	 Landscapes characteristics according to the multi-level 
classification;

•	 Distribution of the settlements, road or forest ways and 
easiness to reach the area;

•	 Forest distribution and species diversity;
•	 Existing relief forms, suitable for practising different sports 

activities;
•	 Existing protected areas (at EU and national level);
•	 Existing proper places for observations and site viewing;
•	 Existing touristic trails.

3. Results
The scores in the matrix (Table 1) were given by experts, asked 

to estimate the potential of the landscapes to provide ecosystem 
services. The highest scores were given to Karst landscapes with 
broad-leaved and oak forest sub-units of landscapes, which gained 
the maximum sum score of 10. The agricultural landscapes within 
plains and hills had the lowest potential, with a sum score of 3. The 
urban areas with dumpsites are estimated to have no potential for 
both ES with a sum score of 0.

The scores from the matrix were used to generate ES maps at 
a local level (Fig. 4-5). The areas of the very high potential of the 
landscapes were located mainly in the mountain, plateau and hilly 
karst areas of the Strazhata upland and Melovete hills and in some 
floodplain with riparian vegetation where forest ecosystems are the 
predominant type.

Most of the CSA territory exhibits medium potential. At the same 
time, nearly 30% of the territory gained the highest score for the 
potential of the landscapes to provide recreation and ecotourism (Fig 
6-7). Around 90% of the cases, the landscapes with the highest scores 
fall into NATURA 2000 sites (i.e. “Vitata stena” and “Skalsko” within 
the Strazhata upland) or other natural monuments and protected 
areas. Exception from this rule were the karst areas of Melovete hills, 
which are not included in any protected site. 

Comparison between scores for both ES (Fig. 7) showed that the 
landscapes have a higher capacity to provide ecotourism – more than 
60% of the territory scored with very high (5) and high potential (4). 
Vice versa, only 37 % of the territory has very high and high capacity 
to provide the ecosystem service “recreation”.

4. Discussion
   The results show that more than 70% of the area has a medium 

relevant or higher capacity to provide such services. With the specific 
karst relief, we explain that forests and rivers give high value to the 
landscapes and can provide different cultural services related to 
various outdoor activities such as hiking, climbing, paragliding, site 
watching, and observing protected species. Five NATURA 2000 sites 
and five protected sites at a national level are protecting biodiversity 
in the area. More than 80% of the protected territories are located in 
the Strazhata syncline upland. They preserve the karst landscapes, 
including more than 20 caves with ten bat species habitats.

We assume that the proposed experimental approach for 
mapping and assessing ecosystem services based on multi-level 
landscape classification gives a new vision of traditional landscape 

A B C D E F

Forest distribution
(sq. km)

Mixed oak forests (46.73)
Mixed broadleaf forests (54.74)
Other (160.66)

NATURA 2000 sites (sq. km)
Dryanovska reka (1.18)
Dryanovski manastir (6.03)
Reka Yantra (14.81)
Skalsko (18.14)
Vitata stena (18.63)

Other protected sites (sq. km)
Bacho Kiro (0.08)
Bilyakovets lake (0.11)
Bozhentsi (0.21)
Dryankov halm (0.42)
Dryanovski manastir (6.22)
Other not protected (195.78)

Mixed oak forests

17,8%

Mixed broadleaf forests

20,9%Non forests

61,3%

All protected areas

25,16%

Not protected area

74,8%
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Figure 5. Capacity of the landscapes of Strazhata and Melovete to provide the cultural ES Ecotourism.

H. Prodanova / Journal of the Bulgarian Geographical Society 45 (2021) 31–39

Figure 4. Capacity of the landscapes of Strazhata and Melovete to provide the cultural ES Recreation.
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Figure 6. Capacity of the landscapes to provide cultural ecosystem services (% of the CSA).

Figure 7. Comparison between capacity of the landscapes to provide A Recreation and B Ecotourism (n - number of sub-unit landscapes).

ecological methods. The multi-level landscape classifications are 
valuable information regarding a specific territory, integrating 
thematic layers for rocks, soils, vegetation, and anthropogenic 
changes. Their integration with the ecosystem services concepts and 
methods will increase the number of landscape studies in Bulgaria. 
As a result, more detailed approaches have to be developed and tested 
at different scales. The findings should be published in international 
journals to reach a broader range of scientists for discussion and 
further research activities.

5. Conclusion
We found that specific karst relief combined with other indicators 

in the Strazhata and Melovete provide the highest capacity for 
recreation and ecotourism ecosystem services contrary to the middle 
part of the research area, where karst relief is not presented, and it’s 
not protected. Furthermore, low human pressure on the environment 
in the last 20 years, due to the villages’ depopulation and abandoning 
the agricultural lands, is the reason for self-restoration of the 
landscapes and transition to a more natural environment. Several 
protected areas cover 24.8% of the site, and most of them are located 
in the karst territory of Strazhata syncline upland.
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