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The human contribution in definition of the landscape character is most evident in agricultural and 
rural landscapes. The long-lasting human-nature interaction has had a distinctive role in nurturing sec-
ondary anthropogenic habitats which are significant for the preservation of biodiversity in contemporary 
environment, particularly in Europe. The shift in local people practices continuously reflects upon the 
landscape structure and its pattern. Assessment and subsequent management of landscape structural 
properties is crucial for preservation of the landscape functionality, especially in a region where there 
are ongoing conservation efforts.  
Bregalnica river basin is a large region in eastern part of the Republic of Macedonia with a high 

potential for biodiversity conservation while significant portion of the basin is represented by agricultur-
al and rural landscapes. Following, the aim of this study is to assess the structural properties of agricul-
tural and rural landscapes in the river Bregalnica watershed and to assess the ñnature friendlinessò of 
agricultural and rural landscapes that were historically managed differently. 
For this purpose, types and coverage of land cover classes in landscape types of both agricultural 

and rural landscapes groups have been assessed. Structural properties were assessed by calculating 
basic area-edge metrics, shape metrics, aggregation metrics and diversity metrics at the class and land-
scape level. 
The results show that fragmentation levels vary from high in agricultural landscapes to moderate in 

rural landscapes clearly separating both landscape groups in their capacity to sustain biodiversity.  
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ȽɔɈɋɐɔɈɔɘɔ ɈɑɎɭɆɓɎɋ Ɉɔ ɔɇɑɎɐəɈɆɯɋɘɔ ɓɆ ɕɖɋɊɋɑɓɎɔɘ ɐɆɖɆɐɘɋɖ ɋ ɓɆɭɈɎɊɑɎɈɔ Ɉɔ 

ɍɋɒɭɔɊɋɑɗɐɎɘɋ Ɏ ɖəɖɆɑɓɎɘɋ ɕɖɋɊɋɑɎ. ȪɔɑɉɔɘɖɆɭɓɆɘɆ ɎɓɘɋɖɆɐɜɎɭɆ ɕɔɒɋɨə ɝɔɈɋɐɔɘ Ɏ ɕɖɎɖɔɊɆɘɆ, Ɉɔ 
ɔɈɎɋ ɕɖɋɊɋɑɎ, ɕɖɎɊɔɓɋɑɆ ɐɔɓ ɖɆɍɈɔɭ ɓɆ ɗɋɐəɓɊɆɖɓɎ ɆɓɘɖɔɕɔɉɋɓɎɘɋ ɌɎɈɋɆɑɎɞɘɆ ɐɔɎ ɗɋ ɍɓɆɝɆɭɓɎ 
ɍɆ ɍɆɝəɈəɈɆɯɋ ɓɆ ɇɎɔɑɔɞɐɆɘɆ ɖɆɍɓɔɈɎɊɓɔɗɘ, ɔɗɔɇɋɓɔ Ɉɔ ȫɈɖɔɕɆ. ȵɖɔɒɋɓɆɘɆ Ɉɔ ɑɔɐɆɑɓɎɘɋ 
ɕɖɆɐɘɎɐɎ ɓɆ ɎɗɐɔɖɎɗɘəɈɆɯɋ ɓɆ ɍɋɒɭɎɞɘɋɘɔ ɈɎɊɑɎɈɔ ɗɋ ɔɊɖɆɍəɈɆɆɘ Ɉɖɍ ɗɘɖəɐɘəɖɆɘɆ Ɏ ɔɇɖɆɍɋɜɔɘ ɓɆ 
ɕɖɋɊɋɑɔɘ. ȴɘɘəɐɆ, ɕɖɔɜɋɓɐɆ Ɏ ɗɑɋɊɗɘɈɋɓɔ əɕɖɆɈəɈɆɯɋ ɗɔ ɗɘɖəɐɘəɖɆɘɆ ɓɆ ɕɖɋɊɋɑɔɘ ɋ ɔɊ ɐɑəɝɓɔ 
ɍɓɆɝɋɯɋ ɍɆ ɔɊɖɌəɈɆɯɋ ɓɆ ɚəɓɐɜɎɔɓɆɑɓɔɗɘɆ ɓɆ ɕɖɋɊɋɑɔɘ, ɔɗɔɇɋɓɔ Ɉɔ ɖɋɉɎɔɓ ɐɆɊɋ ɎɒɆ ɘɋɐɔɈɓɎ 
ɆɐɘɎɈɓɔɗɘɎ ɍɆ ɍɆɝəɈəɈɆɯɋ Ɏ ɍɆɞɘɎɘɆ ɓɆ ɕɖɎɖɔɊɆɘɆ. 
ȧɖɋɉɆɑɓɎɝɐɎɔɘ ɗɑɎɈ ɋ ɉɔɑɋɒ ɖɋɉɎɔɓ Ɉɔ ɎɗɘɔɝɓɎɔɘ Ɋɋɑ ɓɆ ȶɋɕəɇɑɎɐɆ ȲɆɐɋɊɔɓɎɭɆ, ɗɔ ɈɎɗɔɐ 

ɕɔɘɋɓɜɎɭɆɑ ɍɆ ɍɆɞɘɎɘɆ ɓɆ ɇɎɔɑɔɞɐɆɘɆ ɖɆɍɓɔɈɎɊɓɔɗɘ, Ɇ ɍɋɒɭɔɊɋɑɗɐɎɘɋ Ɏ ɖəɖɆɑɓɎɘɋ ɕɖɋɊɋɑɎ 
ɍɆɍɋɒɆɆɘ ɍɓɆɝɎɘɋɑɋɓ Ɋɋɑ ɔɊ ɗɑɎɈɔɘ. ȴɘɘəɐɆ, ɜɋɑɘɆ ɓɆ ɔɈɆɆ ɗɘəɊɎɭɆ ɋ ɊɆ ɗɋ ɕɖɔɜɋɓɆɘ ɗɘɖəɐɘəɖɓɎɘɋ 
ɗɈɔɭɗɘɈɆ ɓɆ ɍɋɒɭɔɊɋɑɗɐɎɘɋ Ɏ ɖəɖɆɑɓɎɘɋ ɕɖɋɊɋɑɎ Ɉɔ ɗɑɎɈɔɘ ɓɆ ɖɋɐɆɘɆ ȧɖɋɉɆɑɓɎɜɆ Ɏ ɊɆ ɗɋ ɕɖɔɜɋɓɎ 
"ɕɖɎɖɔɊɔ-ɓɆɐɑɔɓɋɘɔɗɘɆ" ɓɆ ɍɋɒɭɔɊɋɑɗɐɎɘɋ Ɏ ɖəɖɆɑɓɎɘɋ ɕɖɋɊɋɑɎ, ɐɔɎ ɎɗɘɔɖɎɗɐɎ ɉɑɋɊɆɓɔ, ɇɎɑɋ 
əɕɖɆɈəɈɆɓɎ ɓɆ ɖɆɍɑɎɝɋɓ ɓɆɝɎɓ. 
ȭɆ ɘɆɆ ɜɋɑ, ɓɆɕɖɆɈɋɓɆ ɋ ɕɖɔɜɋɓɐɆ ɓɆ ɘɎɕɔɘ Ɏ ɕɔɈɖɞɎɓɆɘɆ ɓɆ ɖɆɍɑɎɝɓɎɘɋ ɐɑɆɗɎ ɓɆ ɕɔɐɖɔɈɓɔɗɘ 

ɓɆ ɍɋɒɭɎɞɘɋɘɔ Ɉɔ ɕɖɋɊɋɑɗɐɎɘɋ ɘɎɕɔɈɎ ɔɊ ɉɖəɕɆɘɆ ɓɆ ɍɋɒɭɔɊɋɑɗɐɎ Ɏ ɖəɖɆɑɓɎ ɕɖɋɊɋɑɎ. 
ȷɘɖəɐɘəɖɓɎɘɋ ɐɆɖɆɐɘɋɖɎɗɘɎɐɎ ɓɆ ɕɖɋɊɋɑɎɘɋ ɇɋɆ ɕɖɔɜɋɓɋɘɎ ɗɔ ɕɖɋɗɒɋɘəɈɆɯɋ ɓɆ ɝɋɘɎɖɎ ɉɖəɕɎ ɓɆ 
ɗɘɖəɐɘəɖɓɎ ɒɋɖɑɎɈɎ ɓɆ ɓɎɈɔ ɓɆ ɐɑɆɗɆ Ɏ ɕɖɋɊɋɑ. 
ȶɋɍəɑɘɆɘɎɘɋ ɕɔɐɆɌɆɆ ɊɋɐɆ ɓɎɈɔɘɔ ɓɆ ɚɖɆɉɒɋɓɘɎɖɆɓɔɗɘɆ ɗɋ ɊɈɎɌɎ ɔɊ ɈɎɗɔɐɔ Ɉɔ ɍɋɒɭɔɊɋɑɗɐɎɘɋ 

ɕɖɋɊɋɑɎ ɐɔɓ əɒɋɖɋɓɔ Ɉɔ ɖəɖɆɑɓɎɘɋ ɕɖɋɊɋɑɎ Ɏ ɭɆɗɓɔ ɉɎ ɎɍɊɈɔɭəɈɆ ɊɈɋɘɋ ɕɖɋɊɋɑɓɎ ɉɖəɕɎ Ɉɔ ɔɊɓɔɗ 
ɓɆ ɐɆɕɆɜɎɘɋɘɔɘ ɊɆ ɕɔɊɖɌəɈɆɆɘ ɇɎɔɑɔɞɐɆ ɖɆɍɓɔɈɎɊɓɔɗɘ.  
ȰɑəɝɓɎ ɍɇɔɖɔɈɎ: ɕɖɋɊɋɑɓɆ ɗɘɖəɐɘəɖɆ, ɕɖɋɊɋɑɓɎ ɒɋɖɑɎɈɎ 
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Introduction 
 
The spatial patterns of the mosaic of landscapes that 

we perceive today results from perpetual ñcomplex inter-
actions between physical, biological and social forc-
esò (Turner 1989). Landscapes are characterized by their 
heterogeneity i.e. landscape composition and its spatial 

configuration (Brown et al. 2004) that are the specific 
physical attributes which allow characterization of differ-
ent landscape types (Wu et al. 2000). The spatial pattern 
of distribution of different patches of natural habitat(s) in 
a high to medium hemerobic landscapes may exert a 
strong influence on populations of birds, amphibians, 
reptiles and lepidopterans (McGarigal and McComb 1995; 
Atauri and De Lucio 2001). Furthermore, understanding 
and quantifying landscape structure is essential to the 
study of pattern-process relationships (Turner 1989) and 
landscape function and change (McGarigal and McComb 
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Figure 1. Landscape groups in river Bregalnica watershed. Landscape groups relevant for the 
analysis are visually outlined. Other landscape groups e.g. Landscapes of Dry grasslands, Forest landscapes 
etc. are only visually represented and are not subjected to the analysis 

1995).  Understanding and quantifying landscape struc-
ture is also important for providing landscape approach 
while tailoring management practices in vast areas 
(Franklin 1993). For this reason, much emphasis has 
been placed on developing methods to quantify landscape 
structure (Kupfer 2012). 
In spite of the prominence credited to landscape struc-

ture and its pattern worldwide, to date in Macedonia 
there are no published results in this field. However, the 
awareness of the importance of landscape diversity and 
their characteristics in the country is increasing and sev-
eral studies and project reports (Melovski 2010; Slavkovik 
2011; Melovski et al. 2010, 2015, 2016) on the subject 
have been prepared. A number of studies have raised the 
matter of land use/land cover changes (Redzovik 2011; 
Despodovska et al. 2012; Jovanovska and Melovski 2012) 
but still none of the afore listed studies has reflected the 
landscape pattern in particular. 
Given that the long lasting extensive human impact on 

the environment has played a significant role in shaping 
the highly diverse array of natural ecosystems in Macedo-
nia, a high diversity of landscapes is apparent (Melovski 
et al. 2016). The human contribution in determination of 
the landscape character is most evident in agricultural 
and rural landscapes (Brady 2006; Ġpulerov§ and Petroviļ 
2012). This long-lasting human-nature interaction has 
had a distinctive role in nurturing secondary anthropogen-
ic habitats (Harvey et al. 2008; Cevasco and Moreno 
2013) which are significant for the preservation of biodi-
versity (Pimentel et al. 1992; Thies 1999; Atauri and De 
Lucio 2001; Falcucci et al. 2006). The change in local 
people practices continuously reflects upon the landscape 
structure and its pattern (Nassauer 1995; Natori et al. 
2011; Jovanovska and Melovski 2012; Lausch et al. 

2015). Assessment and subsequent management of 
landscape structural properties is crucial for preservation 
of the landscape functionality (Turner 1989; Kupfer 
2012), especially in a region where there are ongoing 
conservational efforts.  
Bregalnica river basin has high potential for biodiversi-

ty conservation while significant portion of the basin is 
represented by agricultural and rural landscapes. Follow-
ing, the aim of this study is to assess the structural prop-
erties of agricultural and rural landscapes in the river Bre-
galnica basin in order to demonstrate to which level a 
landscape departs or conforms to a predefined landscape 
group as to assess the ñnature friendlinessò of agricultural 
and rural landscapes that were historically managed dif-
ferently. 

 
 
Material and Methods  
 
Bregalnica watershed occupies relatively large territory 

of å4300 km2 (Gaġevski 1979) in the eastern part of the 
Republic of Macedonia (Fig. 1). The accrual of geomor-
phological characteristics and the complexity of climate 
varieties in river Bregalnica basin ensued a great diversity 
of habitats of different distribution and distinctive organi-
zation, described in details in Hristovski and Brajanoska 
(2015).  
Continuously, throughout centuries, numerous and 

diverse activities have been practiced in the region. This 
has left a strong human imprint on plains, mountains and 
nature in general that throughout time led to significant 
diversity of landscapes too (Melovski et al. 2015). In river 
Bregalnica watershed 7 basic landscape groups can be 



distinguished comprising even 20 landscape types 
(Melovski et al. 2015) and 70 landscape units in total.  
In this study agricultural and rural landscapesô groups 

have been analyzed (Fig. 1). Agricultural landscapes 
group covers 4 agricultural landscape types (Agricultural 
flatland landscape on saline ground (Ovche Pole flatland 
landscape), Lowland rolling agricultural landscape (Ovche 
Pole lowland rolling landscape), Lowland rolling agricul-
tural landscape with wind hedges (Ovche Pole lowland 
rolling landscape with wind hedges) and Flatland ricefield 
agricultural landscape (Kochani landscape)) comprising 7 
landscape units in total. Rural landscapes group covers 7 
rural landscape types (Lowland rolling agricultural rural 
landscape, Maleshevo-Pijanec rural agricultural landscape, 
Rolling rural landscape, Rolling rural landscape with hedg-
es, Hilly rural landscape, Mountain rural landscape 
(Maleshevo mountain rural landscape) and Osogovo 
mountain rural landscape) comprising 19 landscape units 
in total.  
To assess agricultural and rural landscapes structural 

properties we used landscape types in river Bregalnica 
watershed (Melovski et al. 2015) as a vector data. In or-
der to analyze the landscape composition, CORINE Land 
Cover 2012 vector data set in UTM 34N/WGS 84 project-
ed geographical coordinate system were rasterized with 
50x50 m pixel size.  Out of 23 land cover classes analyzed 
in total, 12 were dominant: óNon-irrigated arable 
landô (Arable land-fields and acres i.e. Arable land), 
óComplex cultivation patternsô (Complex cultivation), óRice 
fieldsô, óLand principally occupied by agriculture, with sig-
nificant areas of natural vegetationô (Agricultural land with 
significant areas of natural vegetation i.e. Agricultural 
land with natural vegetation), óPasturesô, óVineyardsô, 
óDiscontinuous urban fabricô (Settlements), óTransitional 
woodland-scrubô, óConiferous forestsô, óBroad-leaved 
forestô, óNatural grasslandô and óMixed forestsô. Land cover 
classes with less than 1% coverage were listed as 
ñOtherò. For the purpose of this study, only land cover 
classes representing/covering natural habitat patches 
(Agricultural land with natural vegetation, Pastures, Tran-
sitional woodland-scrub, Broad-leaved forest, Mixed for-
est, Coniferous forest and Natural grassland) were elabo-
rated in detail when discussing the structural properties 
of the agricultural and rural landscapes on both landscape 
and class level. 
Data preparation, data processing and mapping were 

performed in ArcGIS 10.2. Landscape structure analyses 
have been performed with Fragstats 4.2, by which basic 
area-edge, shape, aggregation and diversity metrics that 
quantify landscape configuration in terms of the complex-
ity of patch shape at the class and landscape level were 
computed.   

 
 
Results and discussion  
 
The general overview of the landscape composition 

shows that agricultural landscapes group is characterized 
by a dominance of agricultural land cover classes of ara-
ble land, complex cultivation, rice fields and agricultural 
land with natural vegetation. The landscapes in this group 
are characterized by a matrix composed of arable land 
that clearly dominates the landscape(s) (56% coverage 
on average). Conversely, the rural landscapes group ma-
trix is not perceptibly distinctive. The rural nature of the 
landscapes is ascribed to the combined share of the both 
agricultural land with natural vegetation and complex 
cultivation classes (41%) and characterized by a consid-
erable share of broad-leaved forest (18%) and transition-
al woodland-scrub (15%) classes. General representation 
of the landscape composition by land cover types and 
coverage for both landscape groups is presented on Fig. 2. 

  
Structural properties of agricultural and rural 

landscapes group at a landscape and class level 
 
At a landscape level patch density is higher (1.37) in 

rural landscapes than in agricultural landscapes (0.75) 

group indicating that rural landscapes are characterized 
by disjoined dispersion of patches. Patch richness in rural 
landscapes is higher (21) than in agricultural landscapes 
(16). The percentage of the landscape covered by the 
largest patch is much greater (43.91%) in agricul-
tural landscapes (which clearly defines the matrix) than in 
rural (5.17%) landscapes.  
When analyzed on a class level in regard to matrix 

composition, agricultural landscapes matrix (arable land) 
consists of only 43 units, while the land cover class that 
has the largest share (22%) in rural landscapes 
(agricultural land with natural vegetation) consists of 
even 317 units. The patch density of the land cover class 
that dominates rural landscapes - agricultural land with 
natural vegetation is higher (0.19) than the patch density 
of the land cover that composes the matrix in agricultural 
landscapes ï arable land (0.07). This shows that the ma-
trix of the agricultural landscapes is more fused 
(aggregated) opposed to that in rural landscapes. When 
considering the total edge on a class level, in the rural 
landscapes the largest total edge value is recorded for 
land cover classes representing natural habitat patches 
(broad-leaved forest, 2569.7 km) and transitional wood-
land-scrub, 2531.4 km).  Though the arable land repre-
sents the matrix in agricultural landscapes, the total edge 
(930.4 km) is exceeded by the total edge of arable land 
cover category in rural landscapes (1045.8 km). On a 
class level, the largest proximity index in agricultural land-
scapes is exhibited in the matrix of arable land (4678.08), 
then in the rice fields (332.71), complex cultivation 
(49.00) and agricultural areas with natural vegetation 
(19.43). The largest proximity index in the rural land-
scapes is recorded in the broad-leaved forest (355.09) 
then in the complex cultivation (119.83) and agricultural 
areas with natural vegetation (183.27), followed by arable 
land (113.68), transitional woodland-scrub (51.55) and 
pastures (27.30). This shows that agricultural landscapes 
are more uniform in land cover classes that form complex 
cluster of larger patches than rural landscapes. 

 
Structural properties of agricultural and rural 

landscape types on a landscape level 
 
In order to provide more detailed overview of the 

landscape structure of individual landscape types, the 
structural properties of each landscape type from both 
agricultural and rural landscapes groups have been ana-
lyzed separately. The results are presented in increasing 
order of the naturalness of individual landscape types, as 
perceived by the authors, i.e. before calculation of the 
structural metrics. The discussion follows the same pat-
tern. Detailed representation of the landscapes structure 
calculated on a landscape level is presented in Tab. 1.  
The landscape metrics calculated for each landscape 

type on a landscape level in general demonstrates that 
the number of patches (Tab. 1) typically follows on the 
landscape extent. When observing the number of patches 
and total area ratio of landscapes from both groups, the 
number of patches per landscape area in rural 
landscapesô group surpasses the number of patches per 
landscape area in agricultural landscapes (the highest 
ratio is observed in Lowland rolling agricultural rural land-
scape and Maleshevo-Pijanec rural agricultural landscape, 
while the lowest ratio is observed in the Ovche Pole flat-
land Landscape due to the domination of arable land 
class). In rural landscapes, more significant decline in this 
ratio is noticeable in Osogovo mountain rural landscape, 
but due to the domination of broad-leaved forest land 
cover class.  
Patch density (Tab. 1) shows that the number of 

patches per ha is considerably lower in agricultural 
landscapes. Patch density generally declines from Hilly 
rural landscape and the lowest patch density in the rural 
landscapes is observed at Osogovo mountain rural land-
scape (1.06). Due to the domination of broad-leaved for-
est class Osogovo mountain rural landscape has similar 
patch density as the agricultural landscapes, but the dif-
ference is related to the land cover type, which in this 
case is ñbiodiversity friendlyò.  
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The largest patch index (Tab. 1) is significantly higher 
in agricultural landscapes (ranging from 22.21 in Kochani 
landscape to 45.23 in Ovche Pole lowland rolling land-
scape with wind hedges). In rural landscapes the largest 
patch index in 5 out of 7 landscape types is below 
11. The highest largest patch index in rural landscapes is 
observed in Osogovo mountain rural landscape (34.15). 
In this regard, this landscape type once more exhibits 
similarities with agricultural landscapes group, but again, 
there is a difference in the land cover type of the largest 
patch, which in the case of Osogovo mountain rural land-
scape is represented by broad-leaved forest. 
Total edge and edge density (Tab. 1) generally 

follow each and increase from agricultural to rural land-
scapes. In case of Rolling rural landscape with hedges, 
Mountain rural landscape and Osogovo mountain rural 
landscape the index of edge density deviates from the 
total edge index. This deviation is due to the 
length/area adjustment in the case of edge density index 
that is more appropriate for biodiversity analyses.  
The landscape shape index (Tab. 1) shows that 

irregularity of landscape shape and the patch disaggrega-
tion is generally higher in rural landscapes group. A devi-
ation of this trend is observed in Rolling rural landscape 
with hedges, mainly due to the fact that this landscape 
type extends on a much smaller area than other land-
scape types in the group. Since many of the indexes are 
related to landscape size, these deviations are perceptible 
in other results too.  
Patch shapes are more irregular and more convoluted 

in rural landscapes and landscape complexity generally 
increases as mean shape index and mean fractal dimen-
sion index (Tab. 1) increases. Ovche Pole flatland 
landscape, Kochani landscape, Lowland rolling agricultural 
rural landscape and Maleshevo-Pijanec rural agricultural 
landscape can be singled as landscapes where patches 
are with more regular shape and are simpler in perimeter. 
Still, due to the coarse raster data (50x50 m pixel size) 
used for the purpose of this study, Fragstats cannot quite 
calculate the fractals of an edge line of a patch. Thus, the 
results regarding shape metrics, especially mean fractal 
dimension index, should only be used as an indica-
tive trait in a general discussion. 
Mean proximity index (Tab. 1) singles out the 

Ovche Pole flatland landscape and Osogovo mountain 
rural landscape as landscapes that are increasingly occu-
pied by contiguous patches of the same type, though of 
very different land use classes. The aggregation index 
(Tab. 1) is high in agricultural landscapes where close to 
maximum aggregation is observed and gradually declines 
in rural landscapes. 
The reason for the deviation in the trend of several 

indexes (Tab. 1) in case of Osogovo mountain rural land-
scapes is that this landscape type, like agricultural land-
scapes, has uniform composition. The ñapparentò uni-
formity of this landscape type is due to the prevalence of 
broad-leaved forests unlike the arable land class in case 
of agricultural landscapes. However, due to the abandon-
ment of traditional agricultural practices broad-leaved 

forests are now succeeding towards more closed and 
compact stands and today compose the matrix. At this 
scale, Fragstats cannot detect the rural nature of the 
landscape attributed by the many patches of scattered 
villages, meadows and extensively managed fields and 
pastures which is why this landscape type separates itself 
from the rural landscapesô group and inclines toward for-
est landscapesô group. 

 
Structural properties of agricultural and rural 

landscape types on a class level 
 
In order to assess the structural characteristics and 

the spatial pattern of the natural habitat patches, struc-
tural properties of individual agricultural and rural land-
scape types by land cover class were analyzed in detail.  
The results are presented in Fig. 3 and 4. 
The total (class) area metric (Fig. 3-a) indicates that 

agricultural landscapes have very few patches of land 
cover classes representing/covering natural habitats when 
compared to rural landscapes. These patches are small in 
size (no larger than 1966.5 ha) and are characterized 
with scattered arrangement. The highest diversity of 
patch types of land cover classes comprising natural habi-
tats can be noticed in Ovche Pole lowland rolling land-
scape, while in Kochani landscape only transitional wood-
land-scrub (99.25 ha) and agricultural land with natural 
vegetation (89.5 ha) are recorded. On the other hand, 
the diversity of land cover classes comprising/
representing natural habitats in rural landscapes is con-
siderably higher. However, there is a noticeable aberra-
tion in Rolling rural landscape with hedges due to its 
small overall area. Thus, when analyzing landscapes that 
vary by size the mean patch area (Fig. 3-h) gives more 
appropriate presentation of the patch extent throughout 
the landscapes. In Osogovo mountain rural landscape the 
patch number of land cover classes representing/
covering natural habitats is generally low (Fig. 3-b), most-
ly due to the prevalence of broad-leaved forest class. 
Although represented with a rather low patch number, 
broad-leaved forests class, covers a significant area of the 
landscape (total area of 16,064 ha). When considering 
the mean patch area (Fig. 3-h) of land cover classes sep-
arately, the cover class of agricultural land with natural 
vegetation dominates others in all rural landscapes with 
exception to Osogovo mountain rural landscape where 
broad-leaved forest land cover class (722.74 ha) clearly 
dominates all other land cover classes.  
The largest patch index of land cover classes repre-

senting/comprising natural vegetation increases from 
agricultural to rural landscapes. Land cover class agricul-
tural land with natural vegetation, transitional woodland-
scrub and pastures stand out throughout rural land-
scapes, while the highest largest patch index (Fig. 3-d) is 
observed in broad-leaved forests in Osogovo mountain 
rural landscape (34.15%). The number of patches per ha 
i.e. patch density (Fig. 3-c) too marks a general increase 
from agricultural toward rural landscapes.  
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Figure 2. Types and coverage of land cover classes in a) Agricultural and b) Rural landscapes group  
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Table 1. Structural properties of agricultural and rural landscapes on a landscape level 
(Landscape metrics* are defined as in McGarigal and Marks (1994)).  

  

.ŀǎƛŎ !ǊŜŀ-9ŘƎŜ aŜǘǊƛŎǎ  
{ƘŀǇŜ  
ƳŜǘǊƛŎǎ  

!ƎƎǊŜƎΦ 
ƳŜǘǊƛŎǎ  

5ƛǾŜǊǎƛǘȅ 
ƳŜǘǊƛŎǎ  

[ŀƴŘπ
ǎŎŀǇŜ 
ƎǊƻǳǇ 

[ŀƴŘǎŎŀǇŜ ǘȅǇŜ ¢! bt t5 [tL ¢9 95 [{L a{L aC5L atL tw !L 

 hǾŎƘŜ tƻƭŜ ƅŀǘπ
ƭŀƴŘ ƭŀƴŘǎŎŀǇŜ 

мунрфΦлл мсмΦлл лΦуу омΦрп оплΦур муΦст фΦфл мΦсн мΦлт нммΦфп ммΦлл фпΦто 

hǾŎƘŜ tƻƭŜ ƭƻǿπ
ƭŀƴŘ ǊƻƭƭƛƴƎ ƭŀƴŘπ
ǎŎŀǇŜ 

нпппнΦтр нпфΦлл мΦлн нрΦон росΦрр нмΦфр моΦуф мΦсс мΦлу тсΦпм моΦлл фоΦрм 

hǾŎƘŜ tƻƭŜ ƭƻǿπ
ƭŀƴŘ ǊƻƭƭƛƴƎ ƭŀƴŘπ
ǎŎŀǇŜ ǿƛǘƘ ǿƛƴŘ 
ƘŜŘƎŜǎ 

рлуоΦлл олΦлл лΦрф прΦно рфΦфр ммΦтф пΦсф мΦтм мΦлу уΦнн пΦлл фсΦнл 

YƻŎƘŀƴƛ ƭŀƴŘǎŎŀǇŜ мснлтΦтр мтсΦлл мΦлф ннΦнм пнмΦлл нрΦфу ммΦлп мΦсп мΦлт ппΦсс моΦлл фоΦом 

[ƻǿƭŀƴŘ ǊƻƭƭƛƴƎ 
ŀƎǊƛŎǳƭǘǳǊŀƭ ǊǳǊŀƭ 
ƭŀƴŘǎŎŀǇŜ 

мпмтоΦнр нумΦлл мΦфу рΦтт помΦмр олΦпн мрΦпс мΦсл мΦлт олΦло мнΦлл флΦрф 

 

aŀƭŜǎƘŜǾƻ-tƛƧŀƴŜŎ 
ǊǳǊŀƭ ŀƎǊƛŎǳƭǘǳǊŀƭ 
ƭŀƴŘǎŎŀǇŜ 

мссфпΦнр омсΦлл мΦуф нрΦпф рофΦор онΦом мрΦсс мΦрс мΦлт туΦро мнΦлл флΦтф 

wƻƭƭƛƴƎ ǊǳǊŀƭ ƭŀƴŘπ
ǎŎŀǇŜ 

опонфΦнр рпмΦлл мΦру уΦно момфΦур оуΦпр нпΦрн мΦус мΦлф пуΦту муΦлл уфΦну 

wƻƭƭƛƴƎ ǊǳǊŀƭ ƭŀƴŘπ
ǎŎŀǇŜ ǿƛǘƘ ƘŜŘƎŜǎ 

оурмΦлл флΦлл нΦоп млΦмо мснΦфр пнΦом фΦтн мΦтф мΦлф нрΦоу млΦлл ууΦрн 

Iƛƭƭȅ ǊǳǊŀƭ ƭŀƴŘπ
ǎŎŀǇŜ 

снтосΦлл форΦлл мΦпф пΦтп нфстΦрр птΦол орΦоф нΦло мΦмл снΦфу мсΦлл утΦрр 

aƻǳƴǘŀƛƴ ǊǳǊŀƭ 
ƭŀƴŘǎŎŀǇŜ 

моттмΦлл нмуΦлл мΦру млΦто трлΦфл рпΦро мфΦмн нΦмн мΦмл мпуΦуо млΦлл урΦут 

hǎƻƎƻǾƻ Ƴƻǳƴǘŀƛƴ 
ǊǳǊŀƭ ƭŀƴŘǎŎŀǇŜ 

нпттфΦлл нсоΦлл мΦлс опΦмр фппΦлр оуΦмл муΦлс мΦфу мΦмл пмпΦпн фΦлл флΦмо 

* TA (Total area) equals the total area (ha) of the landscape; NP (Number of patches) equals the number of 
patches in the landscape; PD (Patch density) expresses number of patches per ha and facilitates comparisons 
among landscapes of varying size; LPI (Largest patch index) quantifies the percentage of total landscape area 
covered by the largest patch. As such, it is a simple measure of dominance (very small patch 0 < LPI Ò 100 
single dominant patch); TE (Total edge) is an absolute measure of total edge length (km) of a particular 
patch type TEÓ0 [TE=0 no patches in the landscape]; ED (Edge density) reports edge length on a m/ha area 
basis and facilitates comparison among landscapes of varying size EDÓ0; LSI (Landscape shape index) pro-
vides a standardized measure of edge density that adjusts for the size of the landscape. LSI can also be inter-
preted as a measure of patch aggregation or disaggregation - LSI = 1 when the landscape consists of a sin-
gle square (or almost square) patch. As LSI increases, the patches become increasingly disaggregated; MSI 
(Mean shape index) measures the complexity of patch shape compared to a standard shape (square) of the 
same size. MSI increases as shapes are more irregular; MFDI (Mean fractal dimension index). MFDI ap-
proaches 1 when shape has a simple perimeter and approaches 2 when shapes are highly convoluted; MPI 
(Mean Proximity index) considers the size and proximity of all patches whose edges are within a specified 
search radius of the focal patch. MPI increases as the neighborhood (defined by the specified search radius) 
is increasingly occupied by patches of the same type and as those patches become closer and more contigu-
ous (or less fragmented) in distribution. The index is a measure of isolation and has no units, instead it is 
used as a comparative index; PR (Patch richness) is perhaps the simplest measure of landscape composition, 
but note that it does not reflect the relative abundances of patch types; PR Ó 1; AI (Aggregation index) 
shows the frequency with which different pairs of patch types (including like adjacencies between the same 
patch type) appear side-by-side. The maximum aggregation is achieved when the patch type consists of a 
single, compact patch [0 Ò AI Ò 100%].  

!
Ǝ
Ǌ
ƛ
Ŏ
ǳ
ƭ
ǘ
ǳ
Ǌ
ŀ
ƭ
 
ƭ
ŀ
ƴ
Ř
ǎ
Ŏ
ŀ
Ǉ
Ŝ
ǎ

  
w
ǳ
Ǌ
ŀ
ƭ
 
ƭ
ŀ
ƴ
Ř
ǎ
Ŏ
ŀ
Ǉ
Ŝ
ǎ

  

Structural properties of agricultural and rural landscapes in river Bregalnica watershed 



10 Macedonian Journal of Ecology and Environment 

Figure 3. Agricultural and rural landscapes area-edge and shape metrics on a class level. Codes of land-
scape types presented on the axis are: Agricultural landscapes: 1-4 i.e. 1 (Ovche Pole flatland landscape); 2 
(Ovche Pole lowland rolling landscape); 3 (Ovche Pole lowland rolling landscape with wind hedges) and 4 
(Kochani landscape); Rural landscapes: 5-11 i.e. 5 (Lowland rolling agricultural rural landscape); 6 (Maleshevo
-Pijanec rural agricultural landscape); 7 (Rolling rural landscape); 8 (Rolling rural landscape with hedges); 9 
(Hilly rural landscape); 10 (Mountain rural landscape) and 11 (Osogovo mountain rural landscape) 

The total edge (Fig. 3-e) of patches also increases 
from agricultural to rural landscapes (except the Roll-
ing rural landscape with hedges) followed by an in-
crease in edge density (Fig. 3-f). The largest increase 
in edge density over the landscape types is marked 
by the land cover classes of agricultural land with 
natural vegetation and transitional woodland-scrub 
followed by the abrupt increase in edge density in 
broad-leaved forest in Mountain rural landscape 

(43.54 m/ha) and Osogovo mountain rural landscape 
(34.21 m/ha).  
The landscape shape index (Fig. 3-g) shows that the 

patches of transitional woodland-scrub class disaggregate 
and their irregularity increases when grading from agricul-
tural to rural landscapes. When the landscape shape is 
considered in regard to the overall extent of the corre-
sponding patch type throughout the landscape, this trend is 
more regular if the mean shape index (Fig. 3-i) is analyzed.  

Jovanovska et al. 


