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Abstract
Fragmentation of landscapes with conservation value is very important to show what their conditions in protected
areas are. This kind of study is important for protected area management and for the situation of the biodiversity. This
study is focused on mapping and assessment of three types of protected landscapes: forests, transitional
woodland/shrub and alpine meadows using remote sensing data. The study area includes parts from South Pirin and
Slavyanka. The aim is to show what is the current situation and what are the conditions of selected protected areas and
what is the risk of landscape fragmentation. The landscape fragmentation tool (LFT v2.0) in GIS environment was used
for mapping the fragmentation. The results show that protected areas are mainly not fragmented. It is clear from the
spatial analysis that the territory with conditionally natural landscapes has a compact structure and the fragmentation
of the habitats is very small.
Keywords: Landscape Fragmentation, Remote Sensing, GIS, Protected Areas, Land Cover, Slavyanka Mountain, South
Pirin

INTRODUCTION
This study aims to analyze and evaluate fragmentation of landscapes with conservation value, which includes mainly
forests, transitional woodland/shrub and alpine meadows due to their high conservation value in the study area – South
Pirin and Slavyanka mountain. Forests play very significant role for the conservation and maintenance of the
biodiversity, for the sustainable microclimate in a given area, etc. Nowadays forests are at high risk of fragmentation,
mainly because of anthropogenic impact due to constant land use changes during the years. Forest landscapes are highly
sensitive to fragmentation. This is a process of reducing the density of forest areas deviding them to smaller fragments
(Vatseva et al. 2009, 2016).
There are several approaches to analyze the morphological structure of objects at pixel level and at landscape level. The
application of morphological image analysis (Soille, 2003) to classify the spatial structure at a pixel level is based on
two classes of land cover represented by a binary raster map. This methodology has been developed and applied in a
number of ecological studies over the last decade (Vogt et al., 2007a,b, Ritters et al, 2007, Ostapowicz et al., 2008,
Soille & Vogt, 2009; Vatseva et al. 2009, 2016).

DATA AND METHODS
The input data for the three types of protected landscapes was the land cover map (CORINE Land Cover, CLC) for
2012. The CLC map contains 44 land cover classes at the scale of 1:100 000, which include a minimum mapping unit of
25 ha, and the minimum linear elements are with 100 m width (EEA 1995, Bossard et al. 2000, EEA 2007). The CLC
vector data were corrected based on remote sensing data with higher spatial resolution – orthophoto images with pixel
size 0,5 m. Thus, a high geometric and thematic accuracy of the polygons for each class of land cover has been
achieved. The corrected CLC data are realiable for a longer period, because for the period 1990-2012 there are very
little changes in the land cover. Binary land cover maps were obtained by reclassifying the land cover vector data for
the different types of landscapes (forests, transitional woodland/shrub and alpine meadows) using GIS (ArcGIS 10.3).
Next the reclassified vector data were transformed in raster data.
Based on the accepted standards (Vogt et al., 2007a, b, Ritters et al., 2007), a pixel size of 25 m (0.0625 ha for
each pixel) was selected in this study, which is consistent with the spatial resolution of the used satellite images and the
scale
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of the land cover map. In that way were obtained binary raster maps of the three landscape types, which contain
values 1 for pixels representing all the pixels which are not forests, transitional woodland/shrub and alpine meadows,
and 2 for pixels representing the forests, transitional woodland/shrub and alpine meadows. For the purpose of this
analysis, a edge width of 100 m was chosen. This width is most commonly used in past studies and is considered to be
sufficient to obtain objective fragmentation data.
The land cover categories that are included in this research are forests and semi-natural areas. The forest includes three
CLC classes – 311 (broad-leaved forest), 312 (coniferous forest) and 313 (mixed forest). All the three classes were
combined for obtaining the binary forest map. For the transitional woodland/shrub type was used the CLC class 324
(transitional woodland/shrub). And for the alpine meadows was used the CLC class 321.
For the fragmentation for all of the three landscape types, the Landscape Fragmentation Tool (LFT v2.0) (CLEAR,
2015) was used. With the application of the LFT v2.0 the selected landscape type is classified in four main categories –
patch, edge, perforated and core. The core category, which is the most important, is further more divided in three
smaller categories: small (<100 ha), medium (100-200 ha) and large (>200 ha). The pixels that are in the core category
are outside the ‘edge effect’ and they are not influenced by the proximity of another CLC classes. The pixels that form
edge and perforated categories appear along the border of the core category. The pixels of the edge category form the
outer border of the core, and the pixels of the perforated category shows the inner border of the core. The pixels in patch
category form small fragments that are completely separated from the outer border.

RESULTS AND DISCUSSION
The fragmentation of the forests, transitional woodland/shrub and alpine meadows is shown on maps that identify
the four categories of fragmentation: patch, edge, perforated and core. The maps were generated by using the LTF
v2.0 extention. The spatial coverage of the fragmented landscape types is analyzed and also the coverage of these
types that fall into protected areas – a biosphere reserve “Alibotush” and Natura 2000 site “Sreden Pirin –
Alibotush” (BG0001028) (Kitev, 2017)

Fragmentation of Forest Landscapes
The results obtained for the fragmentation of forest landscapes, including broad-leaved forest, coniferous forest and
mixed forest, in the studied area are presented in fig. 1. All of the four categories are observed in the area and their
spatial coverage is shown in table 1.
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Figure 1. Map of Fragmentation of Forest Landscapes in South Pirin and Slavyanka Mountain
The data for spatial distribution of the fragmentation of forest landscapes in the area of South Pirin and Slavyanka
mountain shows that two of the categories are dominating: core and edge. The core category occupies the largest area
with almost 80% of the territory where the large core (>200 ha) is with the highest spatial coverage. The core is
followed by the edge category with a little less then 22%. The other two categories – patch and perforated are with total
area coverage of 1,12 ha (0,02%).
In South Pirin and Slavyanka mountain the fragmentation of forest landscapes shows very stable spatial coverage.
This kind of results demonstrates very good spatial structure of the forest landscapes and a minimal fragmentation.

Table 1. Fragmentation of the forest landscapes in South Pirin and Slavyanka mountain
Category of fragmentation
Patch
Edge
Perforated
Core <100 ha
Core 100-200 ha
Core >200 ha
Total core
Total area

Area (ha)
0,5
4 895,69
0,62
933,06
216
16 237,56
17 386,62
22 282,44

Area (%)
0,01
21,97
0,01
4,18
0,96
72,87
78,01
100,00

The analysis of the fragmentation of forest landscapes data for the study area and for protected area from Natura 2000
“Sreden Pirin – Alibotush” (tabl. 2) clearly shows, that the most part of the forests is included in the protected area,
which covers more than 86 per cent of the total forest area. The core category is with highest values, and the large core
is dominating. This in turn is a sign of the good condition of forests and their density.
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Table 2. Fragmentation of the forest landscapes in Natura 2000 “Sreden Pirin – Alibotush”
Category of fragmentation
Patch
Edge
Perforated
Core <100 ha
Core 100-200 ha
Core >200 ha
Total core
Total area

Area (ha)
0,05
3 803,48
690,91
64,67
14 713,82
15 469,4
19 272,9

Area (%)
0,01
19,73
3,59
0,33
76,34
80,26
100,00

Fragmentation of Transitional Woodland/shrub Landscapes
Results for the fragmentation of transitional woodland/shrub landscapes in the study area are shown in fig. 2 and tabl. 3.

Figure 2. Map of Fragmentation of Transitional Woodland/Shrub Landscapes in South Pirin and Slavyanka Mountain
The spatial distribution of this kind of landscapes shows that with the largest scope is the category edge – just a little
over than 50% of the transitional woodland/shrub landscapes. This category is refered to buffer areas with 100 m width
in the periphery of this type of landscapes. The core is at second place of territorial distribution where the small core
(<100 ha) is with the highest value. The situation with the other two categories (patch and perforated) is exactly the
same as the forest landscapes – the difference is in the area.
The fragmentation of transitional woodland/shrub landscapes show a relatively good structure in terms of their density,
the absence of fragments and perforations testifying to the good status of this type of habitats.
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Table 3. Fragmentation of the transitional woodland/shrub landscapes in South Pirin and Slavyanka mountain
Category of fragmentation
Patch
Edge
Perforated
Core <100 ha
Core 100-200 ha
Core >200 ha
Total core
Total area

Area (ha)
0,93
3 084,25
0,75
1 234,5
457,06
997,94
2 689,5
5 775,43

Area (%)
0,01
53,4
0,01
21,38
7,92
17,28
46,58%
100,00

The results for transitional woodland/shrub landscapes for the study area and for protected area from Natura 2000
“Sreden Pirin – Alibotush” (tabl. 4) clearly show that, like in the case of forests, here too the vast majority of these
landscapes are included in the protected area - 84.9% of the total area. The edge category occupies more than half of the
protected area, and core covers almost 45 per cent. The other two categories are with negligible values.
Table 4. Fragmentation of the transitional woodland/shrub landscapes in Natura 2000 “Sreden Pirin – Alibotush”
Category of fragmentation
Patch
Edge
Perforated
Core <100 ha
Core 100-200 ha
Core >200 ha
Total core
Total area

Area (ha)
0,61
2 707,72
0,58
1 080,77
265,8
847,97
2 202,54
4 903,45

Area (%)
0,01
55,22
0,01
22,04
5,43
17,29
44,76
100,00

Fragmentation of Alpine Meadows Landscapes
For fully representation of the situation of natural areas in the study area, an analysis of the fragmentation of alpine
meadows landscapes was made fig.3. The results for their spatial coverage are presented in tabl. 5. According to the
four categories of fragmentation.
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Figure 3. Map of Fragmentation of Alpine Meadows Landscapes in South Pirin and Slavyanka Mountain
The spatial distribution of alpine meadows landscapes and their fragmentation in South Pirin and Slavyanka mountain
shows that with the largest scope of distribution is the category core. And with the highest percentage is the large core
(>200 ha). On second place is the category edge, which occupies almost 38% of the fragmented territory. The other two
categories – patch and perforated, are with spatial coverage less then 1%, like the other two landscape types (forest and
transitional woodland/shrub). The difference here is that the alpine meadows are with 0,30% of spatial distribution for
patch and perforated, and for the other two categories the percentage is 0,02. The results shows that the alpine meadows
ladscapes are with good density and minimal fragmentation.
Table 5. Fragmentation of the alpine meadows landscapes in South Pirin and Slavyanka mountain
Category of fragmentation
Patch
Edge
Perforated
Core <100 ha
Core 100-200 ha
Core >200 ha
Total core
Total area

Area (ha)
1,12
2 531,38
19,31
625
578,37
2 917,69
4 121,06
6 672,87

Area (%)
0,01
37,94
0,29
9,36
8,67
43,73
61,76
100,00

As regards alpine meadows, the data show a high share of this type of landscapes in the protected area (tabl. 6).
From all the alpine meadows landscapes, over a 60 per cent are in the Natura 2000 “Sreden Pirin – Alibotush”
territory. The largest share is for the core category, followed by the edge category. The other two categories covers les
than a half per cent.
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Table 6. Fragmentation of the alpine meadows landscapes in Natura 2000 “Sreden Pirin – Alibotush”
Category of fragmentation
Patch
Edge
Perforated
Core <100 ha
Core 100-200 ha
Core >200 ha
Total core
Total area

Area (ha)
0,49
1 678,24
18,33
490,17
453,46
1 265,8
2 209,43
3 906,49

Area (%)
0,01
42,97
0,47
12,55
11,6
32,4
44,76
100,00

CONCLUSION
In conclusion it can be summarized that the total area of landscapes with forests, transitional woodland/shrub and alpine
meadows covers 34 730,74 ha, which is over 85 per cent of the studied territory of South Pirin and Slavyanka mountain.
These results shows that in the study area most of the territory is coverd with conditionally natural landscapes. The area
covered by the core category is 24 197,18 ha or 69,67% from the fragmented territory. The next category – edge, covers
10 511,32 ha (30,26%). The edge category includes the buffer areas with 100 m width of the forests. The perforated
category covers total area of 20,68 ha, and the patch category – 2,55 ha. Summerized these two categories covers total
are of only 0,07 per cent of fragmented area. It is clear from the analysis that the territory with conditionally natural
landscapes has a compact structure and the fragmentation of the habitats is very small.
On the basis of the results obtained, it can be concluded that, in terms of conditional natural areas, the studied area of
South Pirin and Slavyanka mountain is characterized with high compact habitats. The data show a significant
predominance of the core category for forests and transitional woodland/shrub landscapes, and almost half of
the fragmented territory for alpine meadows, which is of major importance for the conservation value of landscapes.
In the presence of compact territory, the habitats are not insulated and manage to sustain themselves. All this gives
reason to define the area as conditionally natural and well preserved from a natural point of view.
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