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Abstract:

In Bulgaria, an EU member state since 2007, semi-natural grasslands are still widespread but their area
has decreased significantly in the last decades mainly due to their turnover into arable lands. We examined
the changes in the cover and configuration of grassland habitats resulting from the Common Agricultural
Policy implementation on the territory of Besaparski Ridove Special Protection Area between 2006 and
2010. There was a significant increase in the cover of arable lands, vineyards and orchards, and loss of
natural and semi-natural grasslands. The most substantial land cover changes were the increase of arable lands (av. 33 ha per 4.84 km2 sampling plot) and the loss of the natural grasslands (av. 30 ha per
4.84 km2 sampling plot). There were also significant shifts found in the grassland configuration in terms
of increased landscape complexity. We make recommendations for implementation of appropriate Agrienvironmental schemes (AES) to avoid further loss of biodiversity and valuable grassland habitats within
Natura 2000 in Bulgaria.
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Introduction
Management of agricultural lands is a major driver
of biodiversity alterations in anthropogenic landscapes (Wrbka et al. 2008). Two main categories
of farmland exist: unplowed semi-natural grasslands (usually used as pastures) and arable lands
(Wretenberg et al. 2007). The semi-natural grassland is non-arable land with grazing regime and it
is maintained in this condition for prolonged period
of time. Farmlands include all arable lands (regularly or not regularly plowed). Grasslands, sheltering a characteristic and diverse flora and fauna with
many rare and threatened species, are amongst the
most threatened habitats by agricultural intensification due to habitat loss, degradation and fragmentation (Hannah et al. 1995, Tscharntke et al. 2005).
Intensive management of arable lands generally

consists of different practices, often used in conjunction, such as drainage, plowing and reseeding,
use of fertilizers, intensive mowing and grazing and
use of pesticides (Maccracken, Tallowin 2004).
The environmental impacts from agricultural intensification in 20th century are well documented: these
include detrimental changes to biodiversity, landscape, natural resources such as soil and water, and
the rural economy (Buckwell, Armstrong-Brown
2004). The area of grasslands is decreasing consistently in northern (Pärt, Söderström 1999), western (Tucker, Heath 1994, Fuller et al. 1995) and
eastern European countries (Meshinev et al. 2005):
a total of 4 million ha of grasslands have been converted to arable lands in the last 20 years (Carlier
et al. 2009). Grassland substitution by agricultural
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intensified lands is resulting in simplified systems
(Maccracken, Tallowin 2004) and has been associated with a substantial decline in biodiversity
(Wilson et al. 1999, Stoate et al. 2001, Jongman
2002). For instance, 76% of bird species of the natural and semi-natural European steppe habitats suffer
from population decline (Suarez et al. 1997) and
97% of semi-natural lowland meadows have been
lost since the 1930s in England and Wales (Maff
2000). In general, the changes that have been identified as being most detrimental to biodiversity include: (i) loss of habitat diversity at the farm and
landscape-scales resulting from business rationalization, (ii) changes in crop type and structure,
(iii) direct effects of pesticides on flora and invertebrates, (iv) indirect effects of pesticides, including the removal of plant and invertebrate material
from the food chain, and (v) use of inorganic nitrogen to promote grass productivity at the expense of
broad-leaved flora (Buckwell, Armstrong-Brown
2004). However, the impacts of agricultural intensification have not fallen on biodiversity alone. The
key features associated with intensification from the
landscape viewpoint are the expansion of monocultures, the loss or fragmentation of field-boundary
features and woodlands when usually only little
fragments of natural grasslands remain among the
arable lands and they are overgrazed (Browder et
al. 2002), improvement or overgrazing of extensive grazing land, and drainage and canalization
of rivers (Buckwell, Armstrong-Brown 2004). As
a logical measure, many grassland habitats are of
special conservation concern in the European Union
(EU) under the Habitat Directive (Directive 92/43/
EEC). The Natura 2000 network is the main tool
of the Habitat Directive for European biodiversity
conservation. As farmlands cover over 50% of the
EU (EEA 2010), the Common Agricultural Policy
(CAP) plays an extremely important role in influencing how land is managed and environmental objectives are achieved. The CAP is also the main financial instrument available for achieving ambitious
environmental goals, representing roughly 40% of
the EU budget. The CAP sits under Heading 2 of the
EU budget, named “Preservation and management
of natural resources”, and should therefore significantly contribute to halting biodiversity declines
and enhancing environmental quality (Boccaccio
et al. 2009). However, agricultural intensification
over recent decades, partly driven by the CAP,
has led to a widespread and significant decline of
farmland biodiversity across the EU (Donald et
al. 2006; Luoto et al. 2003; Reidsma et al. 2006).
Although the policy incentive to over-produce was
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largely removed as part of the 2003 CAP reforms,
a clear need to improve the environmental policy
performance across the EU still remains (Buckwel,
Armstrong-Brown 2004).
Bulgaria is a relatively new EU member state
(joined in 2007). Semi-natural grasslands are still
widespread in the country (Meshinev et al. 2005)
but their area has decreased significantly in the last
decades: from ca.18,000 km2 in the beginning of
20th century (16% of the territory of the country)
(Ganchev et al. 1964), to ca. 8500 km2 nowadays
(EEA 2010). The main reasons for the decrease of
this type of habitat are linked to the intensification
in agriculture through the CAP and the turnover of
grasslands into arable lands (Demerdzhiev 2007).
Precisely the conversion of grasslands into arable
lands has led to decrease in populations of many
species of birds throughout Europe and in Bulgaria
(Spasov 2008). Additionally, the loss of habitat heterogeneity is supposed to be an important engine of
biodiversity decline. Common trend in all Western
European countries is the long-term sharp decline in
the populations of farmland birds and high level of
intensification of farming (agrochemical, mechanical, etc.). As a response to the negative effects of
intensification in agriculture, the EU applies agrienvironmental schemes (AES) (Kleijn, Sutherland
2003). The aim is to encourage farmers to use more
expensive and less profitable farming methods which
conserve the biodiversity and environment (Stoate
et al. 2009). Comprehensive changes in agricultural
policy have also a big potential to change the unfavourable condition of the biodiversity nowadays
in farmlands. Although the CAP implementation in
Bulgaria has a key role on biodiversity, there is a
poor knowledge on the effects of CAP on the cover and landscape configuration of the semi-natural
grasslands in the country. Some case studies proved
that extensively managed pastures shelter higher bird
diversity than abandoned or intensive pastures and
that there is a positive relation between habitat heterogeneity and bird diversity (Nikolov 2009, Nikolov
et al. 2011). Similar results were demonstrated for
vascular plants, where pastureland abandonment led
to an increase in vegetation height and the richness
of mesophytes and leafy plants, and red-list species,
while grazed plots had higher total species richness,
more xerophytes, rosette forming and spring-flowering species (Vassilev et al. 2011). To co-interact the
negative aspects of CAP through industrialized and
intensified agriculture on landscape and biodiversity,
there is an urgent need for evaluation and improvement of CAP in Bulgaria, and further development
of agri-environmental schemes (AES) providing
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Fig. 1. Map of Besaparski Ridove Special Protection Area

subsidies to farmers for environmentally friendly
agricultural practices.
In this study, we examined the shifts in the
landscape cover in a Special Protection Area (SPA)
of Natura 2000 network in Bulgaria resulting from
the CAP implementation in the country as a nationallevel model. More precisely, our study was focused
on the changes in the cover (habitat loss) and configuration (landscape complexity) of grasslands. Since
grasslands provide valuable habitats for many bird
species and other vertebrates, we suggest adequate
measures to avoid further loss of biodiversity.

Methods
Study area
For the aim of the study, we selected Besaparski
Ridove SPA due to its rich biodiversity (Angelova
et al. 2008) and relatively wide cover of grasslands
(Tzonev et al. 2014), its proximity to a big town
(Plovdiv) and our observations of a rapid trend of
semi-natural grasslands conversion to arable lands
(Demerdzhiev 2007). The study area (N42.109351
E24.388577) is located on the south-western part of
the Thracian Lowland and covers about 152.9 km2,
with elevations between 350 and 536 m (Fig. 1).

The region is characterised with plane to hilly relief and the climate is transitional continental with
soft winters and hot summers. Besaparski Ridove
area is relatively dry, with few constant surface water resources and low yearly precipitation between
500 and 800 mm/m2. Soils are alluvial. Eroded and
karst hills with almost no vegetation are specific to
the SPA. In terms of natural and semi-natural vegetation cover, the area is dominated by grasslands
(Tzonev et al. 2014), dominated by calciphilous and
thermophilous species as Bluestem (Dichantium ischaemum L.), Scented grass (Chrysopogon gryllus
L.) and Needle grass (Stipa capillata L.) (Kopralev
2002). Forests cover under 6% of the SPA’s territory (Dimitrov, Petrova 2014) and consist mainly
of Downy oak (Quercus pubescens Willd.), Live oak
(Quercus virgiliana Ten.), Hungarian oak (Quercus
frainetto Ten.), Common oak (Quercus daleschampii
Ten.) and Manna ash (Fraxinus ornus L.). Shrubby
vegetation is represented mainly by the Christ‘s
Thorn (Paliurus spina-christi L.), Cade juniper
(Juniperus oxycedrus L.) and Oriental Hornbeam
(Carpinus orientalis L.) (Kopralev 2002).
The study area is split in 57 sample plots with
grid size 2.2 × 2.2 km based on a standard grid,
which expands the study area over the size of the
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Table 1. Land cover types based on the united Corine Land Cover Classes
Land Cover Types

Urban

Stone pit
Arable land

Corine Land Cover Classes

CLC Code

Continuous urban fabric surfaces

1.1.1.

Discontinuous urban fabric

1.1.2.

Industrial or commercial units

1.2.1.

Sport and leisure facilities

1.4.2.

Mineral extraction sites

1.3.1.

Non-irrigated arable land

2.1.1.

Permanently irrigated land

2.1.2.

Land principally occupied by agriculture, with significant areas of natural vegetation

2.4.3.

Vineyards

2.2.1.

Orchard and Vineyard

Fruit trees and berry plantations

2.2.2.

SemiNat_Grass

Pastures

2.3.1.

Forests

Broad-leaved forest

3.1.1.

Coniferous forest

3.1.2.

Mixed forest

3.1.3.

Natural grassland

3.2.1.

ConiMix_forests
Nat_Grass
Transitional
Wetlands

Transitional woodland shrub

3.2.4.

Beaches, dunes, and sand plains

3.3.1.

Water courses

5.1.1.

Water bodies

5.1.2.

Table 2. Description of analysed grassland landscape metrics in Besaparski Ridove SPA. Metrics are generated and
calculated in Patch Analyst 5
Landscape parameter

Acronym

Measure type

Area weighted mean shape index

AWMSI

The sum of each patch’s perimeter, divided by the square root of patch area for
each class, and adjusted for circular standard divided by the number of patches.

Mean shape index

MSI

Sum of each patches perimeter/area ratio divided by number of patches (m/ha)

Mean perimeter – area ratio

MPAR

Sum of each patch’s perimeter divided by the square root of patch area for
each class, and adjusted for circular standard (for polygons), divided by the
number of patches.

Mean patch fractal dimension

MPFD

Another measure of shape complexity:mean fractal dimension approaches
one for shapes with simple perimeters and approaches two when shapes are
more complex.

Area weighted mean patch fractal
dimension

AWMPFD

Measure of shape complexity adjusted for shape size.

Total edge

TE

Perimeter of patches (m)

Edge density

ED

Amount of edge relative to the landscape area (m/ha)

Mean patch edge

MPE

Average amount of edge per patch (m/patch)

Mean patch size

MPS

Average patch size (ha)

Number of patches

NumP

Total number of grassland patches in the landscape (count)

Median patch size

MedPS

The middle patch size, or 50th percentile (ha)

Patch size coefficient of variation

PSCoV

Coefficient of variation of patches (ha)

Patch size standard deviation

PSSD

Standard Deviation of patch areas (ha)

Landscape area

TLA

Sum of areas of all patches in the landscape (ha)

Class area

CA

Sum of areas of all patches belonging to a given landscape class
(in our case – grasslands) (ha)
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territory of the SPA (Fig. 1). We used a 2.2 km grid
size, which is consistent with the distribution and
nearest neighbour distance of the breeding RoughLegged buzzards (Buteo rufinus Cretzschmar, 1927)
in this SPA (Demerdzhiev et al. 2014) and ensures a
good approach to assess changes in grassland habitats over the study period. Additionally it allows
to include some adjacent areas outside the SPA in
the analysis in order to avoid bias since the effect
of grassland fragmentation and loss spreads beyond
SPA borders.

Shifts in habitat cover data between 2006 and
2010 were investigated by Wilcoxon matched pairs
test. Correlations were tested by Spearman Rank
Correlation Coefficient. All analyses were computed
in STATISTICA 7.0 (StatSoft 2004).

Results

We identified 10 land cover types based on the CLC
Classes and we found a significant difference in the
area of four habitat types between 2006 and 2010
(Table 3). The area of the “arable lands“ and “vineLand cover analysis
yards and orchards“ increased while the cover of
To assess the impact of the Common “natural“ and “semi-natural grasslands“ decreased.
Agricultural Policy (CAP) on the cover of grass- The area of all other habitat types did not signifilands in the SPA we built digital maps and com- cantly change within the studied period. The most
pared the land cover between 2006, when the CAP substantial shifts were found in the area of “arable
was still not operating, and 2010, when the CAP has lands“ and the area of “natural grasslands“. “Arable
operated for 4 years. First we built a digital map of lands“ increased on average ca. 33 ha per 4.84 km2
the habitats within the study area for 2006 based on sampling plot and “natural grasslands“ decreased on
publicly available aerial photos with scale 1:5000. average ca. 30 ha per 4.84 km2 sampling plot. The
We assigned different polygons to land cover types increase of “arable lands“ was mostly related to re(i.e. habitats) according to Corine Land Cover (CLC) duction in the area of “natural grasslands“ and to a
classes (EEA 2006). Additionally, CLC classes with lesser extent to reduction in the area of “semi-natural
similar characteristics were united in groups of land grasslands“, while the increase in the area of “vinecover types for the purpose of the analysis (Table 1) yards“ was related only to the decrease in the area
. Then we used the GIS map for 2006 as a template of the “natural grasslands“ (Table 4). Increase of the
to build the digital map for 2010 by accounting area of “arable lands“ also negatively affected the
the land cover changes during the studied period. habitat diversity within the studied area (2006: rs =
Because there were no available high resolution aer- -0.37, p<0.05; 2010: rs = -0.58, p<0.05). Out of 15
ial photos for 2010, we mapped all territories that analyzed landscape metrics of “grasslands“, 11 demwere plowed in 2010 in the field by using the track onstrated higher landscape complexity of “grassfunction of a hand-held GPS device (Garmin E-trex, lands“ in 2010 compared to 2006 (Table 5).
accuracy ±10 m). Changes in land cover in 2010
were validated using Google Earth images referent Discussion
to 2010 (Google Earth 2010). The data processing
and mapping were done with software ArcGIS 9.2 We observed dramatic loss of “grasslands“ for the
(Esri 2011). Mapping of the plots was completed purposes of agriculture caused by the intensification of agriculture and turnover of “natural“ and
with accuracy 1:1000.
Fragmentation analysis was performed with “semi-natural grasslands“ to “arable lands“ and
Patch Analyst 5 (Rempel et al. 2012). Only the “vineyards and orchards“, the main habitat types
grassland polygons referent to 2006 and 2010 re- that significantly changed their area during the study
spectively were used in the analysis. The polygons period. Bulgaria joined the EU in 2007 and one of
(patches) were initially dissolved to aggregate bor- the policies in EU supporting the intensification of
dering polygons. Once dissolved the polygons were agricultural production is the CAP (Polakova et
disintegrated to single polygons using Multipart-to- al. 2011). Additionally there is a common trend in
Single-Part Tool in ArcGIS 9.2 (Esri 2011). Finally many European countries for unifying small agriculthe polygons were analyzed with Spatial Statistic tural fields into expanded monocultures to permit the
analyses of Patch Analyst 5 (Rempel et al. 2012). use of large machinery; however, field margins and
other land cover types have been destroyed resulting
Indices used are presented in Table 2.
For analysis of land cover changes we used a cell in more homogenous landscape diversity (Brotons
unit of 2.2 × 2.2 km in UTM grid. We calculated habi- et al. 2004) and the fragmentation and turnover of
tat diversity at the cell level for both 2006 and 2010 natural habitats into agricultural lands which is the
case in the present study. The CAP has already been
using the Shannon diversity index (Shannon 1948).
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Table 3. Mean cover (±SE) of habitat types in 2006 and 2010 in Besaparski Ridove SPA. Only habitats with significant
difference in the cover between 2006 and 2010 are shown. Comparisons were made by Wilcoxon matched pairs test.
*: p<0.05, ***: p<0.001.
Habitat type

Cover (ha)
2006

2010

Z (n = 57)

144.5±17.2

177.3±18.9

5.48***

14.3±3.3

16.0±3.3

2.20*

Natural grasslands

125.2±15.8

94.1±13.8

5.29***

Semi-natural grasslands

66.5±10.9

62.6±10.5

3.35***

Arable lands
Vineyards and orchards

Table 4. Spearman Rank Correlations between the shifts in the habitat cover within the studied area for the period
2006-2010. *: p<0.05, ns: p>0.05.
Shifts in habitat cover

Natural grasslands

Semi-natural grasslands

Arable land

-0.88*

-0.38*

Vineyards and orchards

-0.36*

-0.10 ns

Table 5. Means of landscape metrics (±SE) of grasslands in 2006 and 2010 in Besaparski Ridove SPA. Only metrics
which differ between 2006 and 2010 are shown. Comparisons were made by Wilcoxon matched pairs test. *: p<0.05,
**: p<0.01, ***: p<0.001.
Landscape parameter (metric)
Mean perimeter – area ratio
Mean patch fractal dimension
Area weighted mean patch fractal dimension
Total edge (m)
Edge density (m/ha)
Mean patch edge (m/patch)
Mean patch size (ha)

2006

2010

Z (n = 57)

3,089.23±1,474.07

12,934.31±7,418.68

2.62**

1.40±0.01

1.43±0.01

3.03**

1.31±0.01

1.32±0.01

2.02*

17,839.65±1,238.30

15,284.51±1,149.08

4.19***

1.63±0.11

1.71±0.13

2.93**

3,589.81±439.95

3,121.19±398.30

2.10*

49.85±9.81

39.62±8.23

3.63***

Median patch size (ha)

27.92±9.98

20.52±8.21

2.13*

Patch size standard deviation (ha)

51.53±7.06

44.17±6.62

3.76***

Landscape area (ha)

10,928.03±0.0

8,931.9±0.0

6.57***

Class area (ha)

191.72±17.23

156.7±16.61

5.57***

reported to stimulate fragmentation and the turnover of grassland habitats into arable lands through
intensification of agricultural management and
thus resulting in population decline of many species: e.g. farmland birds (Donald et al. 2001, 2006,
Buenestado et al. 2008, Delibes-Mateos et al. 2009,
Baldi, Batary 2011, Santana et al. 2013) and mammals (Sokos et al. 2013). Moreover, “natural“ and
“semi-natural grasslands“ in the studied SPA that we
identified shelter four types of protected non-forest
habitats under the Habitat Directive (habitat codes
5210, 6210, 62A0 and 6220) (Tzonev et al. 2014).
The habitat 62A0 “Eastern sub-Mediterranean dry
grasslands“ is the most widespread in the site and
it also has an important role for the preservation of
the populations of protected mammals (Nedyalkov,
Koshev 2014), reptiles (Popgeorgiev et al. 2014),
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birds (Demerdzhiev 2014, Demerdzhiev et al. 2014),
endemic and protected plants (Angelova et al.
2008). Amongst the main threats for this habitat is
the plowing of grasslands (Tzonev et al. 2014). The
large-scale plowing of areas that had been managed
as pastures in recent decades and the turnover to agricultural lands resulted in a significant loss of valuable foraging habitats for raptors as well as many
other species inhabiting grassland habitats (Nikolov
et al. 2011, Demerdzhiev 2014). And although agricultural lands provide habitats for a range of species
(e.g. Kleijn, Sutherland 2003, Herzon et al. 2014),
the value of these territories is limited because of the
constant disturbance several times per year and because of the simple structure of the vegetation, they
support less species than the grasslands (Browder
et al. 2002). Our results clearly demonstrate a sub-

Common Agricultural Policy and Coverage of Grassland Habitats in Besaparski Ridove
stantial conversion of grassland habitats under the
Habitat Directive (92/43/EEC) in agricultural lands
in the studied SPA and fragmentation of these habitats by “arable lands“ (out of 15 analyzed landscape
metrics, 11 demonstrated higher landscape complexity in 2010 compared to 2006).Therefore, we confirm the negative consequences that the CAP may
have on the biodiversity in a EU member state under inadequate implementation (Wrbka et al. 2008,
Boccaccio et al. 2009, Nikolov et al. 2011). Hence,
its design, coordination and implementation should
be carefully considered and tested for sustaining biodiversity and associated ecosystem services through
agriculture towards meeting the EU’s biodiversity
goals (Kleijn, Sutherland 2003). As a part of CAP
and a response to the negative effects of intensification in agriculture the EU applied agri-environmental schemes (AES) (Kleijn, Sutherland 2003).
The aim is to encourage farmers to accept more expensive and less profitable agricultural practices to
conserve biodiversity and the habitats (Stoate et al.
2009, Polakova et al. 2011). An instrument to avoid
negative effects of CAP, especially in Natura 2000
sites such is the case with the study area, AES meet a
number of difficulties due to the direct transposition
of the schemes to national legislation which cause
negative effects in the natural habitats. Amongst the
drivers for reduction and deterioration of the quality and quantity of natural and semi-natural grasslands, there are several problems with the national
application of the CAP and AES: (i) Terms and rules
concerning the schemes for single area payments
(SSAP) and agri-environmental payments (AEP)
in Bulgaria, which are not consistent with natural
conditions and traditions of land use and included
in laws, regulations and normative acts. (ii) Usage
of different systems for management and control
of grasslands in Natura 2000 network by responsible state institutions. Specifically, to control activities such as the land use in Natura 2000 sites, the
Ministry of Environment and Waters uses cadastral
maps. To manage and control the schemes for single area payments, the Ministry of Agriculture and
Foods uses a map of the Land Parcels Identification
System (LPIS). There are many cases where the two
types of maps do not match; the cadastral maps have
a number of significant gaps as well. (iii) In spite of
the large area and the strong negative impact because
of gaps in legislation, the agricultural activities of
plowing of natural and semi-natural grasslands are
not accepted as a plan, a program, a project or an
investment proposal. Therefore, these activities are
not considered as a subject of appropriate assessment and Environment Impact Assessment and the

impact of their implementation on the environment
is not evaluated adequately (Stefanova 2013).
In addition, declaration of natural and seminatural grasslands in Natura 2000 under the SSAP
and Agri-environmental payments and their management is characterised with obscure and constantly changing rules, significant administrative burden
and a lack of any forecast of the process. For that
reason because of significantly lesser administrative
burden, clear rules and profitability, and stimulation
by SSAP, the farmers prefer to plow these territories
and to plant it with annual crops. The problem even
grows bigger as a consequence of the ineffective
system of consulting for farmers (Stefanova 2013).
Considering the mentioned problems, reducing
and deteriorating the quality of natural and semi-natural grasslands and to avoid further loss of biodiversity and valuable grassland habitats, we recommend
the implementation of AES such as:
Adaptation of definitions for grasslands, the
terms and rules to subsidise land used under SSAP
and AEP which are included in laws, regulations and
normative acts with natural conditions and traditions
in the land use in the country (Stefanova 2013).
Unification of the management and control systems used by the state institutions into real land use
based systems that also consider the conservation
and sustainable use of grasslands in Natura 2000.
Amendment and supplementation of the environmental law and linked with it regulations and normative acts in order to create procedures requiring
Environmental Impact Assessment and Appropriate
Assessment for activities which consider plowing of
Natura 2000 grasslands.
Optimization of the process of declaration and
grassland management under SSAP and AEP, and
reduction of the administrative burden and provision
of forecast of the process (Stefanova 2013).
Creating of a constant grasslands layer in the LPIS
which includes all meadows, pastures and other areas
not included in a crop rotation in the last 5 or more
years and declared under SSAP, Natura 2000 payments
and AEP during the 2007–2013 program period.
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