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1 Introduction 
 

The Republic of Macedonia is still using traditional approach to nature protection. The main 

conservation tool to be used is establishment of protected areas, although the national network of 

protected areas is far from completion. The Law on Nature Protection prescribes other proactive 

management tools for the biodiversity conservation but these were only used in separate projects 

and they can not be considered as country national policy. Other sectoral policies such as laws 

regulating forestry, hunting, fishing, etc. are also important for nature conservation in Macedonia 

but they focus more on exploitation of natural resources rather than its protection.  

During the past few decades, the low effectiveness of the current nature conservation 

policies to contrast the growing environmental pressures and to protect the ecological processes 

ensuring the biodiversity maintenance has clearly emerged in Europe (Pecci 2010). In the recent past 

the scientific literature has mainly dealt with biodiversity preserve design but proactive conservation 

planning is becoming increasingly important due to the growing threats to biodiversity and the 

limited financial resources.  

Many studies have underlined that the preservation of species populations, communities 

and ecosystems cannot be limited to the establishment of protected areas and biosphere reserves, 

especially if isolated or small, but it is necessary to take into account the ecological-environmental 

processes concerning broader scales than those involved in the single protected areas (Pecci 2010). 

The biodiversity value as natural heritage of a country includes not only the areas officially protected 

but also all the diffuse naturalistic traits of the landscape which, even if external to the protected 

areas, play a strategic role in maintaining the same protected areas. Particularly, what emerged was 

the awareness that the persistency of the biodiversity is strongly contrasted by the growing 

fragmentation of natural and semi-natural environments, and that biodiversity can be preserved 

only through adequate land-use planning extended to the whole landscape (Pecci 2010). From this 

point of view, the maintenance of a physical-territorial and of an ecological/functional continuity 

among natural and semi-natural environments has been suggested as an effective strategy in order 

to mitigate the effects of fragmentation on populations and communities (Pecci 2010). 

The Republic of Macedonia has prepared its national ecological network ς MAK-NEN. The 

concept of ecological network assumes a system of sustainably managed areas which are cores of 

the populations of important species, mutually connected through corridors which enable the 

organisms to migrate easily from one to another core area, thus providing genetic connection and 

vitality of their populations. Establishment of a coherent ecological network of core areas, corridors, 

buffer zones and restoration area, as a new model of biological diversity conservation has been 

considered as one of the most efficient measures for its conservation providing at the same time the 

possibility for sustainable use of nature. In addition to this, ecological network contributes to the 

mitigation of the climate change effects. Spatial planning, as a tool for establishment of balance 

between social, economic and environmental needs in land use, plays the main role in the 

implementation of the ecological networks. Integration of MAK-NEN in the Spatial Plan of the 

Republic of Macedonia, as basic strategic document in land use planning, is a great challenge. 

Unfortunately, MAK-NEN has still not being adopted by the Government and does not represent a 

legal obligation. However, it provides a vision (map of opportunities), a concept for environment 

preservation and it should be incorporated in all segments of the Macedonian society. Its 

implementation requires the will of different institutions and organizations and its use in the 
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development of various analyses, studies, application of environmental impact assessment studies 

for certain projects, etc. (Brajanoska et al. 2011). 

The pursuit of environmental continuity has given rise to the development of a specific area 

of the territorial planning, the ecological networks design, in a perspective of general rethinking of 

the tools for land control, management and protection. The topic of ecological networks is now 

established as focal in environmental politics, starting programmes and initiatives corresponding to 

alogic of integration (i.e. of network) among individual actions on the environment. The knowledge 

concerning the ecological networks theme has been partly acquired at a planning level, and not only 

at a normative one.This knowledge is included in International conventions (European Landscape 

Convention, 2000), in Council Directives of the EEC (Acquis of the European Union), in pan-European 

strategies and in national guidelines (Pecci 2010). 

The Council Directive on conservation of wild birds 2009/147/EC ex. 79/409/EEC (Birds 

Directive, 1979), concerning the designation of Special Protection Areas (SPAs), and the Council 

Directive on the conservation of natural habitats and of wild fauna and flora 92/43/EEC (Habitats 

Directive, 1992), aimed to designate Special Areas of Conservation (SACs), have achieved a great 

importance for nature conservation in Europe. These Directives represent the legal framework for 

establishment of άbŀǘǳǊŀ нлллέ; it is the most important project concerning the nature conservation 

and biodiversity monitoring and involving the whole European Union (EU) territory. Natura 2000 

network  is also important for Macedonia as accession country. The basic aim of this Network is the 

natural and seminatural habitats and wildlife conservation to preserve the biodiversity through the 

detection and effective ƳŀƴŀƎŜƳŜƴǘ ƻŦ ǘƘŜ ǎƛǘŜǎ ǇǊƻǾƛŘŜŘ ŦƻǊ άIŀōƛǘŀǘs 5ƛǊŜŎǘƛǾŜέ ŀƴŘ ά.ƛǊŘǎ 

5ƛǊŜŎǘƛǾŜέ όtŜŎŎƛ нлмлύΦ  

Furthermore Natura 2000 enables establishment of a system of strictly connected areas 

from a functional point of view. Natura 2000 network assign relevance not only to the highly natural 

areas but also to the contiguous territories essential to relate areas spatially far but near considering 

their ecological functionality. Moreover the need is not to manage and protect a set of disjoined 

areas, but to provide resources and knowledge, to study management models of Natura 2000 sites 

and share experience between countries that has already established it. This aspect will allow to 

ǎǘŀǊǘ ŀ άǊŜƭŀǘƛƻƴǎ ƴŜǘǿƻǊƪέ ƻƴ ǘƘŜ ǘŜǊǊƛǘƻǊȅΣ ǇŜǊƳƛǘǘƛƴƎ ŀ άŘƛŀƭƻƎǳŜέ ŀƳƻƴƎ ǘƘŜ ŀǊŜŀǎΣ ŜǎǘŀōƭƛǎƘƛƴƎ 

the conditions for ecological connections (Pecci 2010). This allows successful cooperation and brings 

positive changes and improvement of the managing  system of protected areas in the country. 

Natura 2000 is an example of an EU-wide ecological network-building process. Through involvement 

of all relevant stakeholders ς landowners, land users, local, national and European authorities ς 

across all sectors, it aims at ensuring biodiversity conservation beyond national boundaries 

(Brajanoska et al. 2009). 

The methodology used for the elaboration of Ecological Sensitivity Map enabled the 

ƛƴŘƛǾƛŘǳŀǘƛƻƴ ƻŦ ǘƘŜ ǎƻ ŎŀƭƭŜŘ άƘƻǘǎǇƻǘǎέ όƛΦŜΦ ŜŎƻƭƻƎƛŎŀƭ ŎǊƛǘƛŎŀƭ Ǉƻƛƴǘs/objects/areas or their 

clusters). The general environmental goal of this methodology is to individuate and propose some 

statistical tools useful for the conservation of the biodiversity values. This aim includes not only the 

areas officially protected or proposed for protection, but also all the diffuse naturalistic traits of the 

landscape which, even if external to the protected areas, play a strategic role in maintaining the 

same protected areas. From this point of view it is suggested the necessity to overcome the peculiar 

άƭƛƳƛǘǎέ ƻŦ ǘƘŜ ŜŎƻƭƻƎƛŎŀƭ ōŀǎƛŎ ǊŜǎŜŀǊŎƘΣ ǎƻ ǘƘŀǘ ǘƘŜ ƻōǘŀƛƴŜŘ ǊŜǎǳƭǘǎ Ŏŀƴ ōŜ ŜŀǎƛŜǊ ǳƴŘŜǊǎǘŀƴŘŀōƭŜ 

and usable also by the administrative and political decision-makers. Indeed the decision makers are 

more and more often involved in deliberating actions that affect critical areas without having 

appropriate cognitive support (Pecci 2010).  
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Since any form of environmental policy in practice finds expression in funds to spend in local 

administrative partitions involved in ecologically critical situations, there is the primary necessity to 

find methodologies to identify environmental critical points in order to guide public stakeholders in 

allocating funds only where it is truly necessary. It is also necessary to integrate ecological-

naturalistic information in the human context in order to ameliorate the environmental evaluations 

and to provide guidelines for conservation action and planning. Planning for conservation is a 

process that uses scientific data, but that ultimately depends on the expression of human values 

(Pecci 2010). 

Importance of the landscapes for biodiversity is presently recognized the worldwide in 

ōƛƻŘƛǾŜǊǎƛǘȅ ŎƻƴǎŜǊǾŀǘƛƻƴ ŜŦŦƻǊǘǎΦ ¢ƘŜ ƧƻƛƴŜŘ ǎǘŀǘŜƳŜƴǘ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ ƭŜŀŘƛƴƎ ƴŀǘǳǊŜ ŎƻƴǎŜǊǾŀǘƛƻƴ 

organizations in 1999 is an ŜȄŀƳǇƭŜ όaŜƭƻǾǎƪƛ Ŝǘ ŀƭΦ нлмрύΥ άLǘ ƛǎ ŎǊǳŎƛŀƭ ǘƻ ƛƳǇƭŜƳŜƴǘ ƛƴǘŜƎǊŀǘŜŘ 

conservation and development plans and programs on a larger scale than those that have been 

attempted so far. Presently nature conservation focus is broadening to encompass landscape, 

working closely with the key stakeholders. This will help to address more effectively the broader 

ǎƻŎƛŀƭΣ ŜŎƻƴƻƳƛŎΣ ŀƴŘ ǇƻƭƛŎȅ ŦŀŎǘƻǊǎ ǘƘŀǘ ŀǊŜ ŎǊƛǘƛŎŀƭ ǘƻ ǎǳǎǘŀƛƴŀōƭŜ ƭƛǾŜƭƛƘƻƻŘǎ ŀƴŘ ŜŎƻǎȅǎǘŜƳǎέΦ 

The Ecological Sensitivity Map of Bregalnica watershed clearly shows the hotspots and other 

areas important for management of natural and seminatural ecosystems. Information shown on the 

map overlaps with the proposals for protected areas to a certain degree. One should have in mind 

that the design of the protected areas network relies on the data on natural and biodiversity values, 

but also includes subjectively-assessed values, especially values such as aesthetic characteristics and 

natural rarities. The opinion of local stakeholders and general attitude of the society also play an 

important role in designing of the protected areas system. The Ecological Sensitivity Map overcomes 

these lacks of traditional protected areas systems and as already stated it enables protection outside 

of protected areas. However, the Macedonian legislation still favours the creation of traditional 

protected areas; but this concept will have to change in time because Ecological Sensitivity Map 

provides the most contemporary and probably the most effective tools for nature and biodiversity 

conservation. 
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2 Methodology 
 

 Habitat ecological sensitivity is defined as habitat proneness to environmental change 

involving a combination of intrinsic and extrinsic factors (Nilsson and Grelsson, 1995; 
Ratcliffe, 1977). In order to effectively develop this multidimensional concept a set of 18 
ƛƴŘƛŎŀǘƻǊǎ Ƙŀǎ ōŜŜƴ ǳǎŜŘ ǎƻǊǘŜŘ ƛƴ п ƎǊƻǳǇǎ ό́͊͋Φ мύΦ !ƭƭ ǘƘŜǎŜ ƛƴŘƛŎŀǘƻǊǎ ŀǊŜ ŎƻǊǊŜƭŀǘŜŘ ǿƛǘƘ 
the risk of a habitat of being damaged or losing its ecological identity/integrity. The 
methodology used in this work is an adaptation of the already existing methodology that 
have been used for biodiversity hot-spots identification in several regions in Italy, in order to 
prioritize the regions where conservation measures need to be undertaken (Rossi, 2005). 

 

Table 1. Criteria and corresponding indicators for the evaluation of the ecological sensitivity of the 
Bregalnica river watershed and the East Planning Region of the Republic of Macedonia. 

CRITERIA INDICATORS 

1. STRUCTURAL ASPECTS 

1.1 Fractal Coefficient of perimeter (FCP) 

1.2 Circularity Ratio of area (CRA) 

1.3 Average slope 

2. COMPOSITIONAL 
ASPECTS  

2.1 Presence of important animal species 

2.2 Presence of important plant species 

2.3 Presence of important habitats 

3. ABIOTIC RISKS 

3.1 Landslide Index 

3.2 Fire Potential Index (FPI) 

3.3 Orientation compared to the main wind direction 

4. ISOLATION 

4.1 Presence and importance of corridors for forest species 

4.2 Connectivity of habitat patches for forest species 

4.3 Presence and importance of core areas for forest species 

4.1 Presence and importance of corridors for steppe species 

4.2 Connectivity of habitat patches for steppe species 

4.3 Presence and importance of core areas for steppe species 

4.1 Presence and importance of corridors for high-mountain pasture species 

4.2 Connectivity of habitat patches for high-mountain pasture species 

4.3 Presence and importance of core areas for high-mountain pasture species 
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2.1 Valorization of the criteria and indicators used to produce the sensitivity map 

2.1.1 Criterion: Structural aspects of the habitat patches 

2.1.1.1 Indicator 1.1: Fractal Coefficient of Perimeter (FPC) of the habitat patches 

FPC reflects the level of convolution of each habitat patch. Regarding the perimeter 

convolution, literature suggests that ecosystems receiving several kinds of inputs from many 
directions are the ones more likely to be at risk of losing their identity (Ratcliffe, 1977). All other 
ǘƘƛƴƎǎ ōŜƛƴƎ ŜǉǳŀƭΣ ǘƘŜ ƳƻǊŜ ƛǊǊŜƎǳƭŀǊ ǘƘŜ ǇŜǊƛƳŜǘŜǊ ƻŦ ǘƘŜ Ƙŀōƛǘŀǘ ǇŀǘŎƘΣ ǘƘŜ ƎǊŜŀǘŜǊ ƛǘΩǎ ƻǇŜƴƛƴg to 
the dynamic external forces which press on its identity and/or its integrity (Pecci, 2010). 

The coefficient can be estimated with the equation:  

FCP = [2 * ln (Perimeter) / ln (Area)], with possible values in the range [1 - 2].  

The value of this indicator in the map of sensitivity (Fig. 1) was calculated for 1km2 
ŎŜƭƭǎ ƻŦ ŀ ¦¢a ƎǊƛŘΣ ŀǎ ŀ ǎǳƳ ƻŦ ǇǊƻŘǳŎǘǎ ƻŦ ǘƘŜ ǾŀƭǳŜ άC/t-мέ ƻŦ ǘƘŜ Ƙŀōƛǘŀǘ ǇŀǘŎƘŜǎ ǘƘŀǘ 
inhabit a cell and their respective areas (in km2) inside the cell.  

Lowering the original FCP valueǎ ōȅ άмέ ƛǎ ŘƻƴŜ ŦƻǊ ƴƻǊƳŀƭƛȊŀǘƛƻƴ ƻŦ ǘƘŜ LƴŘƛŎŀǘƻǊ 
values in the range [0 - 1].  

 

Figure 1. Map of values for the Indicator 1.1 ς Fractal Coefficient of Perimeter of the habitat 

patches 
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2.1.1.2 Indicator 1.2: Habitat compactness - Circularity Ratio of the Area (CRA) of the habitat patches 

Like perimeter convolution, shape compactness of a habitat is a structural 
characteristic which has ecological involvements (Forman, 1995) and reflects the level of 
exposure of patches to extrinsic factors. Indeed, compact shapes are functional to 
maintaining habitat resources because they minimize perimeter exposure and contact with 
surrounding environment (Pecci, 2010).  

High values are calculated for the patches whose form is close to circular, which is 
expected if we take into consideration that the coefficient is calculated as a relation 
between area of the patch and the area of its minimal circular form:  

CRA = AREAPATCH / AREACIRCLE. 

All other things being equal, a value close to 1 implies great power to preserve the 
internŀƭ ŀōƛƻǘƛŎ ŀƴŘ ōƛƻǘƛŎ ǊŜǎƻǳǊŎŜǎΦ ! ǾŀƭǳŜ ŎƭƻǎŜ ǘƻ άлέ ŘŜǎŎǊƛōŜǎ ǘƘŜ ƻǇǇƻǎƛǘŜ ǎƛǘǳŀǘƛƻƴΦ 

The value of this indicator in the map of sensitivity (Fig. 2) was calculated for 1km2 
ŎŜƭƭǎ ƻŦ ŀ ¦¢a ƎǊƛŘΣ ŀǎ ŀ ǎǳƳ ƻŦ ǇǊƻŘǳŎǘǎ ƻŦ ǘƘŜ ǾŀƭǳŜǎ ƻŦ έм - /w!έ ƻŦ ǘƘŜ Ƙŀōƛǘat patches 
that inhabit a cell and their respective areas (in km2) inside the cell. 

 

Figure 2. Map of values for the Indicator 1.2 ς Compactness of the habitat patches. 

2.1.1.3 Indicator 1.3: Average slope 

Terrain slope affects soil quality and depth, implying a change in habitat integrity. 

We have used data from the Digital Elevation Model (DEM) (ASTER GDEM, 2011), 
ǿƛǘƘ ƻǊƛƎƛƴŀƭ ǊŜǎƻƭǳǘƛƻƴ ƻŦ м ŀǊŎ ǎŜŎƻƴŘ όϤ олƳ ͻ нпƳ ƛƴ ǘƘŜ ǎǘǳŘȅ ŀǊŜŀύΣ ǿƘŜǊŜ ǘƘŜ ŀƭǘƛǘǳŘŜ 
values are represented in meters.  
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The geographic coordinate projection of the DEM was transformed from WGS84 
into UTM 34T coordinates (metric).  

The slope model was generated (24m x 24m pixel resolution, slope values in 
ŘŜƎǊŜŜǎύ ǿƛǘƘ ά{Ǉŀǘƛŀƭ !ƴŀƭȅǎǘέ ǘƻƻƭǎ ŦƻǊ !ǊŎDL{ млΦн ό9{wLΣ нлмоύΣ ǳǎƛƴƎ ǘƘŜ ǊŜ-projected 
DEM. 

The value of this indicator in the map of sensitivity (Fig. 3) was calculated for 1km2 
cells of a UTM grid, as the mean value of all the slope values inside a cell, divided with the 
ǾŀƭǳŜ άфлέ όƴƻǊƳŀƭƛȊŀǘƛƻƴ ƻŦ ǘƘŜ LƴŘƛŎŀǘƻǊ ǾŀƭǳŜǎ ƛƴ ǘƘŜ ǊŀƴƎŜ ώл - 1]).  

   
Figure 3. Map of values for the Indicator 1.3 ς Average slope 

2.1.2 Criterion 2: Compositional aspects of the habitats [presence of important plant species 

(Indicator 2.1), important animal species (Indicator 2.2) and important habitats 

(Indicator 2.3)] 

All three indicators of this criterion were analyzed jointly, and as a result of this, a unique 

value was calculated ς indicator for the importance of the biodiversity (Fig. 4), of values with 
logarithm function performed before their normalization in the scope [0 - 1]. Due to 
grouping of the values of the 3 indicators into one, the value of the combined indicator is 
multiplied by factor 3 in the final calculation of the values of Ecological Sensitivity map.   

For defining the indicator for importance of biodiversity, the data on species and 
habitats were applied on UTM grid with resolution of 1 km2, and presented as presence and 
absence of the species and habitats in that area. Visually, this will lead to a map with 
ǊŜŘǳŎŜŘ ǊŜǎƻƭǳǘƛƻƴΣ ōǳǘ ƛǘΩǎ ǘƘŜ ƻƴƭȅ ǿŀy to present a lot of data of different resolution for 
relatively big surface of a map.  
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During second step, each of the species and habitats were evaluated according to 
national and international criteria: Red lists, EU directives, conventions, legislation in the 
Republic of Macedonia, endemism, rarity, economical value and importance of the region 
for its conservation.  

The principle of grading each species and habitat is presented in following text: 

o Global IUCN Red list ς the latest assessment form 19th November 2015 was used  

(IUCN, 2015). The Extinct species were not graded, because we cannot be always 

sure whether the area of their former presence have the conditions for their 

survival nowadays. The presented scale of grading (Table 2) probably 

underestimates the values of the grid cells, especially due to high number of 

non-evaluated species (NE ς Not Evaluated) or data deficient species (DD ς Data 

Deficient) (Bland et al., 2014). 

Table 2. Grading the presence of species according to the their status in the Global IUCN Red list  

Category Value 

CR - Critically endangered 4 

EN - Endangered 3 

VU - Vulnerable 2 

NT - Near Threatened 1 

EX - Extinct 0 

EW - Extinct in the wild 0 

LC - Least Concern 0 

DD - Data Deficient 0 

NE ς Not Evaluated 0 

 

o European Red lists  ς produced only for some taxonomical or ecological groups, 

of which important for Macedonia are: amphibians (Temple and Cox, 2009), 

reptiles (Cox and Temple, 2009), birds (BirdLife International, 2015), mammals 

(Temple and Terry, 2007), butterflies (van Swaay et al., 2010)Σ ōŜŜǎ ͙ ōŜŜǘƭŜǎ 

(Nieto et al., 2014), saproxylic beetles (Nieto and Alexander, 2010), dragonflies 

(Kalkman et al., 2010) and freshwater and terrestrial mollusks (Cuttelod et al., 

2011). The category Regionally Extinct (RE ς Regionally Extinct) was also added 

and graded without score, due to the same reasons as the category Extinct. The 

grading is presented in Table 3. 
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Table 3. Grading the presence of species according to their status in European Red lists  

Category Value 

CR - Critically endangered 4 

EN - Endangered 3 

VU - Vulnerable 2 

NT - Near Threatened 1 

EX - Extinct 0 

RE - Regionally extinct 0 

EW - Extinct in the wild 0 

LC - Least Concern 0 

DD - Data Deficient 0 

NE ς Not Evaluated 0 

 

o Birds Directive (The European Parliament and The Council of the European 

Union, 2009) ς only the species included in Annex I of the Directive (species 

requiring designation of Special Protection Areas) are graded with score. Having 

in mind the inclusion of the Macedonian species in different annexes, the 

grading is presenting in Table 4: 

Table 4. Grading the presence of species according to the inclusion in the Annexes of the Birds 

Directive 

Annex Value 

Annex I 1 

Annexes I; II/A 1 

Annexes I; II/B 1 

Annexes I; II/B; III/B 1 

Annex II/A 0 

Annexes II/A; III/A 0 

Annexes II/A; III/B 0 

Annex II/B 0 

Annexes II/B; III/B 0 

Not included 0 

Inapplicable 0 

 

o EU Species and Habitats Directive (The Council of the European Union, 1992) ς 

the habitats were graded separately from the species. The inclusion of certain 

habitat in Annex I, had score 2 for the grid cell, and if that habitat in the Annex 

was selected as priority for protection, the grid cell got score 3. The presence of 

species included both in Annex I (species requiring protected areas) and Annex 

IV (protected species) graded the grid cell with score 3. The other principles of 

grading are shown in Table 5. 
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Table 5. Grading the presence of species according to the inclusion in the Annexes of the EU 

Species and Habitats Directive  

Annex Value 

Priority habitat 3 

Annex I 2 

Annexes II; IV 3 

Annex II 2 

Annex IV 1 

Annexes III; IV 1 

Not included 0 

Annex V 0 

Inapplicable 0 

 

o The grading according to the Convention on the Conservation of European 

Wildlife and Natural Habitats (The Council of the European Union, 1979) is 

presented in Table 6, where the plant species are in Appendix II and the animal 

species in Appendices II and III.   

Table 6. Grading the presence of species according to inclusion in the Appendices of the 

Convention on the Conservation of European Wildlife and Natural Habitats  

Appendix Value 

Appendix I 2 

Appendix II 2 

Appendix III 1 

Not included 0 

Inapplicable 0 

 

o According to the inclusion of the species in Resolution No. 4 listing endangered 

natural habitats requiring specific conservation (Standing Committee of the 

Convention on the Conservation of European Wildlife and Natural Habitats, 

1996) and Resolution No. 6 listing the species requiring specific habitat 

conservation measures (Standing Committee of the Convention on the 

Conservation of European Wildlife and Natural Habitats, 1998), the grading 

followed same principle as in EU Habitat Directive  ς the priority habitats got 

highest score (2), while the other habitats and species where graded with 1 or 0 

according to their inclusion or not in the resolutions (Table 7). The species and 

the habitats included in these two resolutions are generally known as Emerald 

species.  
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Table 7. Grading the presence of species according to inclusion in the Resolution 4 and 6 of the 

Standing Committee of the Convention on the Conservation of European Wildlife and Natural 

Habitats  

Inclusion Value 

Priority habitat 2 

Included 1 

Not included 0 

Inapplicable 0 

 

o The Convention for Conservation of Migratory Species (UNEP/CMS Secretariat, 

1979), for Macedonia is only relevant or birds and bats; inclusion of species in 

Appendix I gave score 2, and inclusion in Appendix II ς score 1(Table 8). 

Table 8. Grading the presence of species according to inclusion in the Appendices of the 

Convention for Conservation of Migratory Species  

Appendix Value 

Appendix I; II 2 

Appendix II 1 

Not included 0 

Inapplicable 0 

 

o According to inclusion of the species in the Lists for designation of strictly 

protected and protected species (Official Gazette of RM 39/2011) in accordance 

to the Law on Nature Protection of RM (Official Gazette of RM 67/2004; 

мпκнллсΤ упκнллтΤ орκнлмлΤ птκнлммΤ мпуκнлммΤ рфκнлмнΤ моκнлмо ͙ 

163/2013), the highest score was given to the strictly protected species (Table 9) 

Table 9. Grading the presence of species according to the protection by the national legislation   

Law on Nature Value 

Strictly protected 2 

Protected 1 

Unprotected 0 

Inapplicable 0 

 

o According to the provisions of the Law on Hunting (Official Gazette of RM 26/09, 

унκлфΣ мосκммΣ мκмнΣ сфκмоΣ мспκмо ͙ мутκмо, relevant only for mammals and 

birds), the species with permanent hunting ban got highest score  (Table 10): 
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Table 10. Grading the presence of species according to their status of game species 

Protection of game species Value 

Permanent ban 2 

Seasonal ban 1 

Without protection 0 

Non game species 0 

Inapplicable 0 

 

o For the other species, it was consider if they have some direct economic value 

for the local population or the industry  (edible mushrooms, forest fruits, 

medical plants, trees or forest habitats) (Table 11) 

Table 11. Grading the presence of species according to their relative economic value  

Economic value Value 

(mainly) yes 1 

(mainly) no 0 

 

o In regards to endemism, 3 categories were defined: (Table 12) ς local endemics 

(distributed only at micro locations; with highest value), sub-endemics and 

Balkan endemics. The principle of inclusion of the taxon was different in 

different groups ς some authors considered only local endemics recognized as 

species, others considered also subspecies that are endemic to Balkan 

Peninsula. The habitats were graded as well, if they are considered to be 

distributed only on Balkan Peninsula, with score 1.  

 

Table 12. Grading the presence of species according to endemism  

Endemism Value 

local 3 

Sub-endemics 2 

Balkan endemics 1 

Not endemic 0 
 

o When defining the national rarity, the experts were also flexible whether they 

will grade according to the number of localities where the species or the 

habitats are present in the Republic of Macedonia, or according to the 

population size. The species and the habitats were considered as very rare, rare 

or common (Table 13): 
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Table 13. Grading the presence of species and habitats according to national distribution of 

population numbers  

Presence Value 

Very rare species and habitats 2 

Rare species and habitats 1 

Common species and habitats 0 
 

o Finally, in case when the Bregalnica Region has special importance for 

conservation of certain species in Macedonia, the grid cell where this species or 

habitat is present, got additional score 1. (Table 14). 

Table 14. Grading the presence of species and habitats according to importance of Bregalnica 

Region for their conservation in Macedonia  

Regional importance Value 

Region is very important for the species on national level  1 

Region is less important for the species on national level 0 
 

By using database with data on distribution of the species and habitats, as well as the 

principle for defining the grading value for each of them, we made a simple algorithm which 

calculates sum of grading values for each grid cell separately, at the same time eliminating the 

double registrations of the species and habitats.  

This approach tends to highly grade the more explored regions. There was no mode to 

improve the methodology, as there was impossibility to investigate all groups equally across the 

region, and thus, the relatively small amount of data for species presence and absence, which 

prevented modeling of their distribution. On the other hand, the investigations were focused in 

regions or at localities for which there was a known or presumed presence of important species, and 

from this aspect, the output was conservative estimation of the values of the areas, which is 

emphasizing the more important regions on a map, while overestimating the less important ones.   

Considering size of the space, as well as the relatively short time period for field research, 

there were very few or no data for the biodiversity in most of the grid cells. Thus, we accepted the 

principle that each empty grid cell gets a value which is half of the value of the highly graded 

bordering grid cell. At same time, every grid cell having values twice less than the value of the highly 

graded bordering grid cell, its value was increased to a half of the value of the highly graded 

bordering grid cell. This principle was based on the probability that species found at certain locality 

may be found in the close vicinity of this locality (Elith and Leathwick, 2009), but it is conservative in 

regards to the grading and prevents the uninvestigated grid cells to receive very high score. This 

approach also has an ecological justification, especially for species which individuals use larger area 

(> 1 km2) as their territory, i.e. the field observation may refer to individuals freely roaming across 

the wider area.  
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Figure 4. Map of the values of indicators 2.1, 2.2 and 2.3 - biodiversity 

2.1.3 Criterion 3: Abiotic risks 

Important Abiotic risks which can involve habitat patches defined by CLC2012, are risk of 

landslide (Restrepo et al., 2001), risk of fire (Vila et al., 2001) and wind impact (Visser et al., 2004).  

2.1.3.1 Indicator 3.1: Landslide risk Indicator 

Landslide risk can imply a change in species abundances and composition in habitats.  

CalŎǳƭŀǘƛƻƴǎ ƻŦ ǘƘŜ ƭŀƴŘǎƭƛŘŜ Ǌƛǎƪ ƛƴŘŜȄ ŀǊŜ ōŀǎŜŘ ƻƴ 9ǳǊƻǇŜŀƴ 9ƴǾƛǊƻƴƳŜƴǘ !ƎŜƴŎȅΩǎ 

ά9ǳǊƻǇŜŀƴ [ŀƴŘǎƭƛŘŜ {ǳǎŎŜǇǘƛōƛƭƛǘȅ aŀǇέ όмƪƳн ǊŜǎƻƭǳǘƛƻƴύ - ά9[{¦{ мллл Ǿмέ όDǳƴǘƘŜǊΣ нлмпΤ 

Panagos, 2012; http:// esdac.jrc.ec.europa.eu/themes/landslides). 

The European Landslide Susceptibility Map is originally projected in LAEA/ETRS89 geographic 

coordinates. It was re-projected (in the UTM 34T/ WGS84 geographic projection) for the purpose of 

the landslide risk index calculation. 

The landslide risk Indicator values are calculated as the mean value of the Landslide 

susceptibility map values that overlap each of the UTM grid cells (with area of 1 km2) (Fig. 5), taking 

the area of overlap into consideration, as well. 

http://esdac.jrc.ec.europa.eu/themes/landslides









































