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Abstract. The xerothermic oak forests are one of the most exposed of the anthropogenic impact 

forests in Bulgaria as they are most deeply connected with traditional economic practices in the 

country. The aim of present study is to assess the potential of habitat 91M0 as a natural capital 

for the one of the biggest Natura 2000 sites in Bulgaria. This assessment can be the basis for a 

comprehensive study of the ecosystem services provided by this type of forest habitat. The study 

includes complex approach for assessment – cartographic analysis of the habitat polygons; 

ecological diversity and dominance coefficients of the habitat 91M0; geophysical assessment of 

the structure of the habitat and mathematical models for the resilience and anthropogenic 

pressure, all done comparatively for the site, forest and non-forest habitats and other oak 

habitats. Habitat 91M0 is highly fragmented scattered over the area of the SCI without 

connection between individual polygons. At the same time, the vertical structure and the 

assessment of the resilience define these forests like a very plastic and adaptive to the various 

environmental factors and increase their ecological and economical importance. The historical 

economic impact of the xerothermic oak forests is preserved until nowadays and they are a 

natural capital with great importance for the Natura 2000 sites. 
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Introduction 
Nowadays, more and more emphasis is 

placed on the need to assess the nature 
intangible benefits and their valuation for the 
concept of sustainable development realiza-
tion of human society and environmental 
protection (Costanza et al., 1998; Millennium 
Ecosystem Assessment, 2005; Assenov, 2010; 
Burkhard et al., 2012, Assenov et al., 2014, Mori 
et al., 2017; Maes et al., 2018; Lyubenova, 2019). 

The implementation of this purely 
constructive strategy, softening the clash bet-
ween the development of the economy and 
environmental quality preservation, is hinde-

red by political, socio-economic and other 
factors (Lyubenova et al., 2019).  

The present study makes an attempt to 
use a system of different type of assessment 
to evaluate the importance of any type of 
habitat for the total natural capital of the 
Natura 2000 sites so that we can make a scien-
tifically base account of the ecosystem servi-
ces that they offer to us like a human society. 

The complex geoecological assessments 
includes not only the ecological aspects of the 
habitat capital but also assessments of spatial 
disturbance and resilience of the habitats. 
This helps us to more fully understand the 
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environmental value of habitats. At this stage, 
the understanding that ecological principles 
embedded in applied sciences are the most 
successful and effective approach to achie-
ving sustainability is increasingly widely 
recognized (Avetisian et al., 2016). 

The assessment of the natural capital of 
habitat 91M0 is decided because oak forests 
are deeply connected to traditional economic 
practices in the country (Assenov, 2016; 
Grigorov et al., 2023) and the chosen Natura 
2000 site also. SCI BG0001040 “Zapadna Stara 
planina i Predbalkan” is one of the largest 
protected sites in Bulgaria with 40 habitat 
types (Natura 2000, Standard Data Form, 
2021), located on the territory of the most 
economically backward region in Bulgaria.  

 

Materials and Methods 
Study area 
Protected Site BG0001040 was declared 

under Directive 92/43/EEC, approved by the 
decision of the Council of Ministers No.661 
on October 16, 2007. The total number of habi-
tats in the SCI is 40 - 16 forest, 4 scrublands, 
10 grasslands, 5 rocky and 5 aquatic habitats 
(Natura 2000, Standard Data Form, 2021). 
The forests habitats are: beech (9110, 9130, 
9150, 91W0), oak (91G0, 91H0, 91M0), coni-
ferous (9410, 9530, 91BA, 91CA) and others 
(9170, 9180, 91Z0, 9260, 91E0). 

SCI BG0001040 covers the Western parts 
of the Stara planina mountain chain and part 
of the ForeBalkans (the mountains Vrashka 
Chuka, Babin Nos, Belogradchishki Venets, 
Shiroka Planina, etc.) - Fig. 1. According to the 
climatic zoning of Bulgaria (Velev, 2002), the 
area is in the temperate continental climate with 
an average annual amount of rainfall 750-1000 
mm. The zone is part of the Carpatho-Danube 
soil region and its two provinces: Western Fore-
Balkan and Stara planina - medium high (Ninov, 
2002). The vegetation of the studied territory 
makes it a part of the European broad-leaved 
forest area and the Illyrian (Balkan) province 
with species of European and Euro-Asian dis-
tribution (Bondev, 2002). According to the bio-
geographical regionalization of Bulgaria, the 
zone is a part of the ForeBalkan and the re-
gion of Stara planina of the Balkan biogeo-
graphical province (Asenov, 2006). 

 
 

Fig. 1. Schematic map of the location of SCI 
BG0001040 

 
Methods 
This study is focused on the oak habitats, 

especially 91M0 in the site. In order to esta-
blish and analyze comparatively this habitat 
in SCI ”Zapadna Stara Planina i Predbalkan”, 
data from the standard form of the Natura 
2000, as well as data from the Forest Manage-
ment Plans of the Chuprene and Govezhda 
State Forestry (2007, 2018) were used. The vecto-
rized and georeferenced (WGS84, UTM:35N) 
data from these two sources were merged into 
a common database. In 2011 - 2013 and 2019-
2020, verification field studies were carried out, 
which supplemented and refined the availa-
ble information in our data-base. This geore-
ferenced data was a basis of habitat map that 
was made in the protected area (Fig. 2). 

When differentiating habitat 91М0, in 
addition to the indicated sources, the study 
was based on field descriptions and GPS data. 

The comparative analysis of the habitats 
diversity was carried out by cartographic mathe-
matics-statistical methods, using the follo-
wing coefficients. 

 Gerenchuk coefficients for degree of 
complexity (by Velchev et al., 2011): 

Кc = n/S0   (1) 
where n is the number of polygons and 

S0 – the average polygon area;  

 Annenskaya mosaic (by Velchev et 
al., 2011): 

Km = n/S   (2) 
where n is the number of polygons and 

S – the total polygon area;  

 Fragmentation of the mapped 
polygons (by Velchev et al., 2011): 

К=1- (S0/S)   (3) 
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where S0 is the average polygon area and 
S – the total polygon area;  

 Coefficients of the total diversity of 
Shanon (Lyubenova, 2004, 2009): 

H=Σ((ni/n)ln(ni/n)  (4) 
where ni is the number of polygons from 

a given habitat type and n – the total number 
of polygons of habitats in the protected site;  

 Dominance coefficient - Simpson 
diversity index (Lyubenova, 2004, 2009): 

1- D = 1 - Σ(ni/n)2  (5) 
where ni is the number of polygons from 

a given habitat type and n – the total number 
of polygons of habitats in the protected site.  

Habitat 91М0 was investigated compa-
ratively on the basis of geophysical methods 
- assessment of the vertical structure of the 
habitat (according to Todorov, 2004) and appli-
cation of ball and mathematical assessments 
for the degree of sustainability and anthro-
pogenic load (according to Borisova, 2013). 

 Degree of sustainability: 
R=∫∑(a+b+c+d+e+f+g)xN/∑(A+B+C+D+E+

F+G)   (6) 
where a,b,c… are ball assessments of 

natural resources like soil, erosion, rocks, 
plant canopy, climate; A,B,C… are 
assessments of the same resources in referent 
ideal conditions and N is ball assessment of 
the anthropogenic load. 

 Anthropogenic load: 
А=√D+√r/P+S2+T2+n2+m2+y2+c2+z2+o2+sol

2+ar2+∑xi  (7) 
where the alphabetic sight are the ball 

assessment of anthropogenic factors like popu-
lation of the area, transport, tourism, econo-
mic structures, pollution, soil degradation, etc. 

The ball assessments are made of the 
information from the Regional Development 
Plan 2014-2020 of the Western Region of 
Bulgaria and the balls are consistent with the 
quoted values according to Borisova (2013). 

 

 
 

Fig. 2. Map of the habitats in SCI “Zapadna Stara planina i Predbalkan”. 
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Results 
The prepared and terrain verified data-

base (and its visual interpretation map of 
habitats) was a major source of spatial data 
for the mathematical calculations.  

Shannon’s coefficient was calculated for 
the total diversity of habitats in the protected 
site BG0001040 - H = 1.3 for all habitat types 
(4). The dominance index for the habitats 
over the entire territory of the site was 0.52, 
and for the shrubland, grassland and forest 
habitats it was respectively: 0.01, 0.21 and 
0.75 (5). The obtained results for the hori-
zontal structure of habitats in the area are 
presented in Table 1. 

The area of forest habitats was distri-
buted as follows: 9466.74 ha (74.4%) of the 
forest communities were those of beech; 
2877.29 ha (22.6%) were oak forests, and of 
the remaining 3% were about 0.5% conifer-
rous forests (9410, 9530, 91BA, 91CA) and 
2.5% other deciduous forests and riparian 
communities (9170, 9180, 91Z0, 9260, 91E0). 
The horizontal structure of the forest com-
munities was presented in Table 2. The Simp-
son dominance index for forest habitats was: 
0.59, 0.67 and 0.31, respectively, for beech, 
oak and other forest habitats (5). The quanti-
tative indicators of the horizontal structure of 
all oak habitats were discussed in Table 3. 

 
Table 1. Quantitative assessment of the horizontal structure of habitat types in SCI. 

 

Indicators SCI 
BG0001040 

Grassland 
habitats 

Shrubland 
habitats 

Forest 
habitats 

Area  S (ha) 219753.26 35160.52 3524.41 12723.83 

Number of polygons  (n) 29140 11880 70 17190 

Mosaicity coefficient (Кm = n/S)  (2) 0.13 0.38 0.02 1.35 

Average area of polygons (S0 = S/n) 7.54 2.96 50.35 0.74 

Complexity coefficient (Kс = n/S0)  (1) 3864.72 4013.53 1.39 23229.73 

Fragmentation coefficient, K = 1 - (S0/S)  (3) 0.99 0.99 0.99 0.99 

 

Table 2. Quantitative assessment of the horizontal structure of forest habitats. 
 

Indicators SCI 
BG0001040 

Beech 
habitats 

Oak 
habitats 

Other 
forest 

habitats 

Area  S (hа) 219753.26 9466.74 2877.29 379.8 

Number of polygons  (n) 29140 9031 7226 933 

Mosaicity coefficient, Кm   (2) 0.13 0.95 2.51 2.46 

Average area of polygons, S0  7.54 1.05 0.40 0.41 

Complexity coefficient, Kс   (1) 3864.72 8600 18065 2275 

Fragmentation coefficient, K  (3) 0.99 0.99 0.99 0.99 

 

Table 3. Quantitative assessment of the horizontal structure of oak habitats. 
 

Indicators 
Oak 

habitats 
9170 91G0 91H0 91M0 

Area  S (hа) 2877.29 963.56 1015.06 4.36 894.35 

Number of contours  (n) 7226 2500 2467 14 2245 

Mosaicity coefficient, Кm   (2)  2.51 2.59 2.43 3.21 2.51 

Average area of  contour, S0  0.40 0.39 0.41 0.31 0.40 

Complexity coefficient, Kс   (1) 18147.31 6486.36 5995.79 44.95 5635.41 

Fragmentation coefficient, K   (3) 0.99 0.99 0.99 0.93 0.99 
 

 
The assessment of morphological structure of 

the habitats in SCI “Zapadna Stara planina i 
Predbalkan” showed that all habitat types in 
study area have very high Gerenchuk complexity 

coefficients, which corresponds to a large dissect-
tion of the relief, differences in environmental 
conditions: microclimate, soil types, exposure, 
slopes and others or for anthropogenic inter-
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vention leading to differentiation and fragmen-
tation of habitats. Only the shrub habitats and oak 
habitats - 91H0 were characterized by a lower 
complexity coefficient. Their communities were 
secondary and have a smaller territorial scope. At 
all levels, the degree of fragmentation of habitats 
was maximal; there-fore, habitats occupied all 
ecological niches provided by the environment 
with their specific conditions. Habitat 91H0 had a 
slightly lower degree of fragmentation (0.93) 
compared to the others, which was due to the 
highly xerophytic nature of the Quercus pubescens 
Willd communities.  

The results of terrain work were shown in the 
vertical assessment of habitat 91M0. There was 
found that the geohorizons of the vertical 
structure of the habitat in different parts of the 
area varied between 7 and 11, with an average 
high of the forests of 25-30 m.  

The degree of sustainability of the Balkan-
Pannonian Quercus cerris – Q. dalechampii (habitat 
91M0) forests has an estimated value of 5.5 (6), and 
the degree of anthropogenization – 16 (7). 

 
Disscussion 
About 55% of the established habitats in the 

country are found in SCI "Zapadna Stara Planina 
i Predbalkan”, which is due to the relatively large 
territory – 219 753.262 ha. The Shannon index was 
usually used to characterize the species diversity 
of a given territory, and its reference values were 
1.5-3.5 (Viktorovna et al., 2002). The obtained 
values of the index (1.3) for the SCI indicated rela-
tively great diversity, which represents unex-
ploited natural capital for the region. From the 
values of Simpson's dominance index, it could be 
seen that the forest communities had the greatest 
diversity (0.75) and, accordingly, the greatest 
ecological importance for the study area. Among 
them, the oak forests had a high index (0.67). The 
great habitat diversity also the forests diversity 
indicated the level of adaptability of the territory 
to the changing conditions of the environment; the 
genetic and biological diversity; the value of the 
habitat as a generator of ecosystem services.  

The values of the fragmentation coefficient 
for the territory corresponded to the values indica-
ted for the landscapes of the Danube Plain (from 
0.75 to over 0.95) (Velchev et al., 2011). The 
mosaicity coefficient of the protected site had low 
values (< 2), which was due to the fact that parts 

of the habitats were represented by the large poly-
gons occupying the large areas of the site territory. 
Such were the alpine and subalpine grassland 
habitats, shrubland habitats and from the forest 
ones - beech habitats. 

Habitat 91M0 occupied about 0.4% (894.35 
ha) of the site territory and had an average num-
ber of geohorizons 7-11. The geohorizons were 
characterized by a great variety and complexity of 
vertical structure, which was up to 30 m high. The 
base rock of the habitat was mainly represented 
by jointed sedimentary rocks, which were of weak 
to medium resistance and not particularly deep 
gray forest soils, which were not suitable for 
agricultural exploitation. The habitat had a high 
mosaicist coefficient and fragmentation of poly-
gons, which was not so much due to the specific 
requirements of these communities to the 
environment, but because most of the habitat 
polygons were close to populated areas and were 
highly fragmented.  

According to the calculated value for 
anthropogenic load of habitat (16) in the protected 
area, it was of medium load. This was mainly due 
to the current state of the region, which was 
characterized by a smaller population, more 
limited production capacities and low degree of 
pollution of natural components compared to 
other planning regions in Bulgaria (Regional 
Development Plan 2014-2020). The assessment of 
habitat resilience (5.5) indicated medium to low 
resilience to anthropogenic load (Borisova, 2013). 

Oak forests, with the deep and highly 
developed intensive root system of trees that form 
them, such as those from habitat 91М0 in SCI 
BG0001040, were important for soil protection 
from erosion, for soil surface runoff infiltration, 
feeding and maintaining the level of ground-
water. They are light forests with a well-develo-
ped grassland layer, providing a large range of 
non-forest resources, easily passable and acces-
sible, offering good conditions for various types of 
tourism. Their wood is an important raw material 
for industry and households. The complex of 
diverse ecosystem services offered by the commu-
nities of 91М0 habitat combined with their not so 
sustainable character according to Borisova's scale 
(2013) exposed them to the real danger of xero-
phytization and complete destruction. This would 
be an unacceptable loss for the habitat diversity of 
the protected area and for the country. 
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Conclusions 
The predominance of forest habitats in SCI 

“Zapadna Stara Planina i Predbalkan” is related to 
its mountainous and hilly relief. The oak habitats 
are highly fragmented, scattered over the area of 
the site but that determine their great variability, 
plasticity and adaptability to various combina-
tions of environmental factors and anthropogenic 
influences. The main part of this diversity are the 
xerothermic oak forests of habitat 91М0, a charac-
teristic autochthonous vegetation for Bulgaria, 
deeply connected with the cultural and historical 
processes that took place on its territory. The 
applied geoecological characteristic allows for a 
comparative assessment of habitats in a given area 
or in different areas, as well as for the assessment 
of a particular habitat as natural capital. 

 
References 
Assenov, A. (2006). Biogeography of Bulgaria. Sofia, 

Bulgaria: An-Di Publisher.  
Assenov, A. (2010). Natural capital assessment 

methods. Sofia University Yearbook, Volume 2 
(102), 29-54.  

Assenov, A., Chikalanov, A., Lyubenova, M., & 
Kostadinova, S. (2014). A function of natural 
capital. In Efe, R., & Öztürk, M. (Eds). 
Contemporary Studies in Environment and 
Tourism. (Stephenson Library). Newcastle 
upon Tyne, UK.  

Assenov, A. (2016). Spatial Discrepancies of 
Ecological Networks in the Border Region of 
Serbia and Bulgaria. In: Koulov, B., & Zhele-
zov, G. (Eds) Sustainable Mountain Regions: 
Challenges and Perspectives in Southeastern 
Europe. Springer, Cham. doi: 10.1007/978-3-
319-27905-3_15 

Avetisian, D., & Borisova, B. (2016). A complex 
geo-ecologycal assessment for landsvcape 
ecology planning purposes in mountain 
regions. Sofia University Yearbook, Volume 2 
(107), 165-186. 

Bondev, I. (2002). Geobotanical Zoning. In Kopra-
lev I. (Ed). Geography of Bulgaria. Physical geo-
graphy (First Edition, 336-351). Sofia, Bulgaria: 
ForCom.  

Borisova, B. (2013). Landscape ecology and landscape 
planning. Sofia, Bulgaria: "Prof. M. Drinov" 
Academic Press. 

Costanza, R., de Arge, R., de Groot, R., Farber, S., 
Grasso, M.,Hannon, B., Limburg, K., Naeem, 

S., O‘Neil, R., Paruelo, J., Raskin, R., Sutton, P., 
& van den Belt, M. (1998). The Value of the 
World Ecosystem Services and Natural Capi-
tal. Ecological Economics, Volume 25 (1), 3-15. 
doi: 10.1016/S0921-8009(98)00020-2  

Forest management project of the Govedha and 
Chuprene State Forestry. (2018, 2007) 

Grigorov, B., Velev, N., Assenov, A., Nazarov, M., 
Genova, B., & Vassilev, K. (2023). Forest 
habitats of Godech Municipality, Western 
Bulgaria. In: Chankova S., Danova K., 
Beltcheva M., Radeva G., Petrova V., Vassilev 
K. (Eds) Actual problems of Ecology. BioRisk 
20: 153–163. doi: 10.3897/biorisk.20.97534 

Lyubenova, M. (2004). Phytoecology. Sofia, Bulga-
ria: "Prof. M. Drinov" Academic Press. 

Lyubenova, M. (2009). Functional biocenology. Sofia, 
Bulgaria: An-Di Publisher.  

Lyubenova, M. (2019). Ecosystem services and benefits. 
Costs, Efficiency, Payments. Sofia, Bulgaria: "St. 
Kliment Ohridski" University Press. 

Lyubenova, M. (Ed.). (2019). Forest ecosystem services 
and Payment schemes (Case study). Sofia, Bulga-
ria: “St. Kliment Ohridski “ University Press. 

Maes, J., Teller, A., Erhard, M. et al. (2018). 
Mapping and Assessment of Ecosystems and their 
Services: An analytical framework for ecosystem 
condition. Luxembourg: Publications office of 
the European Union. doi: 10.2760/757183  

Millennium Ecosystem Assessment. Ecosystems 
and Human Well being: Synthesis. (2005). 
Washington, DC: Island Press. Retrieved from 
http://www.millenniumassessment.org/ 

Mori, A., Lertzman, K., & Gustafsson, L. (2017). 
Biodiversity and ecosystem services in forest 
ecosystems: a research agenda for applied 
forest ecology. Journal of Applied Ecology, Volume 
54 (1), 12-27. doi: 10.1111/1365-2664.12669 

Natura 2000. Standard data form for BG0001040 
zone. Retrieved from: 
https://natura2000.eea.europa.eu/Natura2000/  

Ninov, N. (2002). Soils. In Kopralev I. (Ed.) 
Geography of Bulgaria. Physical geography. (First 
Edition, 277-311). Sofia, Bulgaria: ForCom. 

Regional plan for the development of the North-
Western planning region for the period 2014 
- 2020, 94-95.  

Todorov, N. (2004). Natural Geography of Bulgaria. 
Practice Guide. Varna, Bulgaria:  

Burkhard, B., Kroll, F., Nedkov, S., & Müller, F. 
(2012). Mapping ecosystem service supply, 

https://doi.org/10.1007/978-3-319-27905-3_15
https://doi.org/10.1007/978-3-319-27905-3_15
https://www.sciencedirect.com/journal/ecological-economics
https://doi.org/10.1016/S0921-8009(98)00020-2
https://doi.org/10.3897/biorisk.20.97534
https://dx.doi.org/10.2760/757183
http://www.millenniumassessment.org/en/Global.html
https://besjournals.onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Mori%2C+Akira+S
https://besjournals.onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Lertzman%2C+Kenneth+P
https://besjournals.onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Gustafsson%2C+Lena
https://doi.org/10.1111/1365-2664.12669
https://natura2000.eea.europa.eu/Natura2000/SDF.aspx?site=BG0001040


Complex geoecological assessment of habitat 91M0 as a natural capital for SCI “Zapadna Stara Planina i 
Predbalkan”, Bulgaria 

46 
 

demand and budgets. Ecological Indicators, 21, 
17-29.  doi: 10.1016/j.ecolind.2011.06.019  

Velev, St. (2002). Climatic zoning. In Kopralev I. 
(Ed.) Geography of Bulgaria. Physical geography. 
Sofia, Bulgaria (First Edition, 155-157): 
ForCom. 

Velchev, A., Penin, R., Todorov, N., & Konteva, M. 
(2011). Landscape geography of Bulgaria. Sofia, 
Bulgaria: Bulvest 2000 Publishing House. 

Viktorovna, L., Krivolutskyi, D., Puzachenko, Yu., 
Dyakonov, K., Aleshchenko, G., Smurov, A., 
Maksimov, V., Tikunov, V., Ogureeva, G., & 
Kotova, T. (2002). Geography and Biodiversity 
Monitoring. Moscow, Russia: Scientific and 
Educational Methodological Center Publi-
shing House.  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Received: 31.05.2023 
Accepted: 26.07.2023

 

https://doi.org/10.1016/j.ecolind.2011.06.019

