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Abstract:

Changes of distribution and abundance of common birds associated with alterations in the composition and

configuration of landscapes in Bulgaria are presented. They are measured by a set of metrics in a model area
of abandoned agricultural lands in different stages of vegetation succession. Under such conditions, the edge
effect proved to be a significant factor for the species composition. The established specific preferences of
the farmland and forest specialists as well as the generalist species in four landscape classes (Open Land-
scapes, Shrubland, Open Forest and Forest) contribute to better understanding of the causes of changes in
breeding population trends. These data allow predicting the impact on the habitat bird guilds when develop-
ing landscape management plans for protected areas or conservation measures for priority bird species. This
approach can increase the effectiveness of the implementation of European agri-environmental measures.
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Introduction

Agricultural intensification, land abandonment and ur-
banisation are drivers of landscape changes that affect
biodiversity in European traditional rural areas. These
processes affect habitat availability for farmland birds,
whose numbers have shown a stable decline in Europe
for the last twenty years (PECBMS 2019, BRLIK et
al. 2021). In order to improve the situation, the Euro-
pean Union (EU) applies different measures concern-
ing farmland management (PE’ER et al. 2022). Semi-
natural lands such as pastures, hedgerows and small
patches of forest or shrubland are promoted as many
studies show their important role in farmland biodi-
versity conservation (CONCEPCION et al. 2020).

In the European temperate climate zone, the
natural course of landscape change after land aban-
donment is a vegetation succession, beginning with

"Corresponding author: sylvia.dyulgerova@gmail.com

open landscapes turning into shrublands and sub-
sequently to forest. Species communities are af-
fected by such habitat changes in a complex way,
depending on factors such as the individual species
niche breadths and the speed of changes (CLAVERO
& BroTONS 2010, BARNAGAUD et al. 2011). Knowl-
edge of these processes is important and it can be
applied in the species conservation, Common Agri-
cultural Policy (CAP) implementation and protected
areas management (HAKKILA et al. 2018, PE’ER et
al. 2022). At the European level, the effect of land
abandonment on bird communities has been an is-
sue of numerous studies in recent decades (SIRAMI
et al. 2008, Zakkak et al. 2015, Kamp et al. 2018).
The process is among the drivers of the long-term
decline of farmland bird species in Europe (DONALD
etal. 2001, GREGORY et al. 2019). The trends in Bul-
garia are similar (Spasov et al. 2017).
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Fig. 1. Study area and sampling plots distribution

Despite the similarities, there are also local
differences due to climate conditions, local species
composition and traditional land-use history. This is-
sue is not very well studied in Eastern Europe (REIF
& VERMOUZEK 2019). In recent decades, the Bulgar-
ian agriculture sector underwent substantial changes
due to economic, political and social reasons (DAvI-
DOVA 1994). Since the beginning of the 90s, fast de-
population of the rural areas led to significant levels
of agricultural land abandonment around the county.
This process turned after the implementation of the
common agricultural policy (CAP) measures, espe-
cially in the plains with good conditions for intensi-
fied agriculture. In remote, semi-mountain and hilly
areas, post-abandonment successional processes
had led to drastic changes in previously heterogene-
ous agricultural lands, which have previously been
rich in farmland species biodiversity. The total for-
est area increased by 10% for the last 20 years due
to successional growth (ANNUAL REPORT OF THE
EXECUTIVE FOREST AGENCY 2019).

Because of CAP interventions in Bulgaria af-
ter 2007 (when the country joined the European
Union), the land abandonment process decreased in
some areas suitable for cereals and vineyards. How-
ever, the effect on biodiversity may still be negative
due to the replacement of semi-natural habitats with
large-scale monoculture fields with intensive agri-
culture. In the foothills and low-mountain regions,
post-abandonment succession process turns semi-
natural farmlands into shrublands and young for-
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ests. To achieve the maximum understanding of the
specific habitat requirements of different ecological
groups of birds, it is necessary to understand the
processes at the micro-level in these heterogeneous
habitats. All the processes described above have sig-
nificant effects on bird communities and demand a
detailed study of the interactions between landscape
changes in post-abandoned farmland habitats at dif-
ferent successional stages and the avifauna.

The aim of the study is to analyse the response
of the community of common birds to the changes in
landscape composition and configuration along the
successional gradient in a model area in Bulgaria.
This knowledge would serve as a basis for the devel-
opment of a region-specific model for the relation-
ship between species richness and diversity and the
landscape characteristics in areas with abandoned
agricultural land.

Materials and Methods

Study area and sampling design

The study area (Fig.1) spreads along the low-moun-
tain region (up to 1000 m altitude), which is a part
of the Balkan Range in central North Bulgaria. It
is characterised by a significant level of agricultural
land abandonment due to rural depopulation. In this
area, villages, together with the agricultural lands
surrounding them are abandoned (partially or com-
pletely) in the recent decades. This situation created
a vast region representative of the full spectrum of
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Fig. 2. Land cover mapping and landscape classes

forest succession stages, from agricultural lands to
shrublands and deciduous forests.

For this study, we used data from 161 sampling
points, situated in 20 1x1 km square plots with a
distance between centres of two adjacent sampling
plots of more than 4 km (to avoid bird data spatial
autocorrelation). The sampling plots choosing pro-
cedure (described by DYULGEROWA et al. 2015) guar-
anteed that the plots would represent the different
successional stages evenly.

Bird survey

Birds were recorded using the point count method
(GiBBONS & GREGORY 2006) at Point Count Stations
(PCS). Initially, nine PCS were located systemati-
cally in each plot, placed 300 m apart to avoid dou-
ble counting of birds (Fig. 2). We excluded from the
study PCS located less than 150 m away from rivers,
busy roads or settlements as well as those that were
inaccessible due to physical factors (relief, fences,
etc.) and those in which disturbing activities (log-
ging, hunting or agricultural activities) were present
during the bird counting. As a result, each sam-
pling plot contained at least six PCS suitable for the
study and the total number of PCS considered in the
analysis was 157. The PCS were visited during the
greatest bird activity period: in the morning (05:00 —
11:00 a.m.), during the height of the breeding season
(June) in 2011 and 2012. At each PCS, birds were
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counted within a radius of 100 m based on visual
and acoustic registrations of individuals during two
consecutive 5-minute sessions (RALF et al. 1995,
BoNTHOUX & BALENT 2012).

Data analyses

We used data from the Ministry of Regional Devel-
opment Orthophoto Imagery Database (2011) with
a grain size of 1 m. This fine-grained map layer
(DYULGEROWA et al. 2015) was reclassified and the
final data layers contained four landscape classes,
reflecting vegetation succession gradient — Open
landscapes (OL), Shrubland (SH), Open forest (OF)
and Forest (FO). The final layer was converted to a
raster with a cell size of 1 m?, which was used for the
calculation of landscape metrics with FAGSTATS,
version 4.2 (MCGARIGAL 1995, 2015). The metrics
were calculated for a circle area with a 150 m radius
around each PCS, which has been proven to be ap-
propriate for studies relating bird richness to land-
scape heterogeneity metrics (MORELLI et al. 2013,
RUDISSER et al. 2015). The initial set of metrics in-
cluded 24 metrics describing landscape composition
and configuration were calculated at the class level.
All four classes showed good variability of their
percent cover in the different sample sites (Table 1).

In studies of the relationship between land-
scape characteristics and bird species richness and
diversity, considering the specific research question
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Table 1. Percentage of the landscape (PLAND) of each landscape class

Landscape class PLAND min PLAND average PLAND max Number of PCSs
OL 0.1712 37.835491 95.5462 117
SH 0.0014 24.245576 76.9938 127
OF 0.2151 19.559075 94.5686 46
FO 0.0241 44.524597 100 154
Table 2. Final selection of metrics used in the study
Metric acronym Metric name Description
PLAND Percentage of landscape Percentage of the area, occupied by certain landcover class
TE Edge density Total length of edge per unit area
SHAPE MN Shape index Equals 0 if all patches are squares. Increases, without limit, as the
- shapes of patches become more complex.
Number of disiunct core Count of the disjunct core areas, whereby a core area is a ‘patch
NDCA ) within the patch’ containing only core cells. For this study, edge
areas
depth value was fixed to 30m.

and the characteristics of the avifauna in the study
area, different approaches of species grouping ac-
cording to their habitat preferences were applied.
According to CAPRIO et al. (2009), a guild-based ap-
proach should be preferred to a holistic one taking
into account all species. Habitat guilds could be de-
termined based on habitat distribution only (BORGES
et al. 2017, MARrJA et al. 2013) or taking in account
species’ niche width defining them as “generalists”
or “specialist” (Caprio et al. 2009, REIF et al. 2008,
WRETENBERG et al. 2006).

Based on the results of a previous study in the
area that has revealed an association of the farm-
land species with the presence of some amount of
shrubby vegetation (DYULGEROVA et al. 2015), it
would not be appropriate to differentiate “grassland”
and “shrubland/edge” habitat guilds. Therefore, bird
species were divided into three habitat guilds ac-
cording to their niche width — generalist species,
farmland specialists and forest specialists. The local
breeding habitat preferences of each species were
derived from the Atlas of the Breeding Birds in Bul-
garia (IANkov 2007). Then, avian data of each sam-
pling point was described as species richness (SpR)
and abundance of individuals (A) at habitat guild
level as well as Shannon Diversity (H), Total Spe-
cies Richness (sum of all species registered at the
PCS) and total bird abundance (sum of all registered
individuals at the PCS).

Some of the landscape metrics are known to
correlate strongly with each other. In order to avoid
multicollinearity, the Spearman Rank Correlation
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coefficient was calculated and only metrics with
coefficient |r] <0.7 were used for further analyses
(Table 2).

The effect of the spatial structure of each land-
scape class on habitat bird guilds was assessed by
applying generalised linear models (GLM) with
landscape metrics values as explanatory variables.
For the parameters Species Richness and Abun-
dance of Individuals, we used negative binominal
distribution. For Shannon Diversity, we used Gauss-
ian distribution. Statistical analyses were performed
with R version 3.5.1. (R Core TeEaMm 2018) using
‘MASS’ and ‘jtools’ packages (RIpLEY et al. 2013,
LonG 2019).

Results

The bird survey resulted in the registration of 2063
individuals across 60 bird species. Their distribution
by habitat guilds was as follows: 32 species in the
woodland habitat guild, ten species in the farmland
habitat guild and 18 species defined as “generalist”
(Table 3).

Effect of landscape metrics on the bird habitat
guilds

The analyses showed the preferences of each habi-
tat guild on certain landscape parameters, especially
related to the different land-cover classes in their
breeding area (Table 4, Fig. 3—6). In the Open Land-
scape Class (Fig. 3), the percentage of the landscape
(PLAND) affected positively the SpR of the farm-
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Fig. 3. Open landscapes Class (OL): relationship between
landscape variables and species richness of the bird habitat
guilds.
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Fig. 5. Open Forest Landscape class (OF): relationship be-
tween landscape variables and species richness of the bird
habitat guilds.

land bird guild and negatively SpR of the forest bird
guild. Edge density (TE) positively affected general-
ist SpR whereas the SHAPE MN metric showed a
negative effect on SpR of this habitat guild.

In the Shrubs Landscape Class (Fig. 4), the
number of shrub patches core areas (NDCA) af-
fected negatively the SpR of the farmland species,
and positively SpR of the forest species. The edge
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Fig. 4. Shrubs Landscape Class (SH): relationship be-
tween landscape variables and species richness of the bird
habitat guilds.
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Fig. 6. Forest Landscape class (FO): relationship be-
tween landscape variables and species richness of the
bird habitat guilds.

density (TE) affected positively SpR of the farm-
land and generalist species and negatively SpR of
the forest species.

No significant relationships were found for the
Open Forest Class patches (Fig. 5).

In the Forests Class (Fig. 6), PLAND showed
a positive effect on the species richness (SpR) of the
habitat guild of forest birds and a negative effect
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Table 3. Species habitat guilds. The number of registered individuals of each species presented in parentheses.

Woodland species_

Anthus trivialis (21)

Ficedula semitorquata (2)

Poecile montanus (3)

Certhia brachydactyla (10) Fringilla coelebs (268) Poecile palustris (19)
Coccothraustes coccothraustes (29) Garrulus glandarius (67) Sitta europaea (28)
Columba palumbus (15) Jynx torquilla (10) Sylvia atricapilla (118)

Corvus cornix (2)

Muscicapa striata (3)

Sylvia borin (2)

Cyanistes caeruleus (18)

Oriolus oriolus (37)

Troglodytes troglodytes (7)

Dendrocopos major (33)

Parus major (137)

Turdus merula (433)

Dendrocopos syriacus (1)

Phylloscopus collybita (265)

Turdus philomelos (141)

Dryobates minor (5)

Phylloscopus sibilatrix (15)

Turdus viscivorus (11)

Dryocopus martius (7)

Phylloscopus trochilus (4)

Erithacus rubecula (166)

Picus viridis (7)

Farmland species

Alauda arvensis (127)

Emberiza melanocephala (4)

Passer domesticus (13)

Linaria cannabina (3)

Emberiza calandra (360)

Saxicola rubicola (35)

Coturnix coturnix (11)

Motacilla flava (8)

Crex crex (5)

Generalist species

Carduelis carduelis (3)

Emberiza hortulana (133)

Passer montanus (3)

Chloris chloris (11)

Iduna pallida (7)

Phasianus colchicus (5)

Cuculus canorus (58)

Lanius collurio (199)

Poecile lugubris (4)

Curruca communis (132)

Lanius senator (3)

Streptopelia turtur (27)

Curruca curruca (4)

Lullula arborea (22)

Sturnus vulgaris (15)

Emberiza citrinella (117)

Luscinia megarhynchos (112)

Upupa epops (15)

Curruca nisoria (17)

(SpR) on the habitat guild of farmland bird and the
generalists SpR. Edge density (TE) showed a posi-
tive effect on the SpR of all the three habitat guilds.

Effect of landscape parameters on all bird sample
data

The parameters “Abundance of Individuals”, “Spe-
cies Richness” and “Shannon Diversity Index” (Ta-
ble 5) also revealed multiple significant outcomes.
Edge density (TE) affected positively bird abun-
dance in OL, OF and FO classes. NDCA in Open
Landscapes Class and Open Forest Class as well as
SHAPE MN in Open Forest showed negative effect
on bird abundance.

Edge density (TE) positively affected the num-
ber of registered species (SpR) in OL and FO class-
es. NDCA negatively affected this parameter in the
OL class. Edge density (TE) also showed a positive
effect on the Shannon Diversity Index in OL, SH
and FO classes. Higher NDCA values positively af-
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fected the Shannon Index values in the SH class and
negatively in the OL class.

Discussion

An understanding of the relationships between bird
communities and the landscape pattern of their habi-
tat is essential for building and implementing the most
suitable conservation measures and appropriate for-
estry or agri-environment measures. Previous studies
of the relationship between landscape structure and
biodiversity usually compute landscape metrics at the
landscape level (SCHINDLER et al. 2013, BORGES et al.
2017) and class-level studies are relatively rare, al-
though the class-centric approach has its advantages
when interpreted as fragmentation indices for a spe-
cific landscape class type (MCGARIGAL 2015).

Effect of landscape parameters on the abundance
of individuals, Species richness and Shannon
Diversity Index
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Table 4. GLM results of habitat guilds relationship with landscape metrics (only significant variables are presented,
statistical significance: *** p < 0.001; ** 0.001< p <0.01; * 0.01< p<0.05)

Variable Landscape class | Landscape metric Beta SE P
Open landscape PLAND 0.4385 0.0027 Rl
TE 0.1714 0.0001 *
i Shrubs
Farmland specialists SpR NDCA -0.3553 0.0854 oAk
PLAND -1.2148 0.0044 oAk
Forest
TE 0.3784 0.0002 *x
TE 0.1978 0.0001 ok
Open landscape SHAPE MN -0.1393 0.1121 o
i NDCA -0.1451 0.0493 *x
Generalists SpR
Shrubs TE 0.1714 0.0001 oAk
PLAND -0.3841 0.0021 otk
Forest
TE 0.1808 0.0001 oAk
Open landscape PLAND -0.1222 0.0022 *E*
TE -0.0579 0.0001 *
Shrubs
L NDCA 0.0761 0.0372 ok
Forest specialists SpR
Open forest SHAPE MN -0.0731 0.1391 *
PLAND 0.1311 0.0012 oAk
Forest
TE 0.0552 0.0001 *

Table 5. GLM results of bird total abundance, species richness and diversity relationships with landscape configuration
metrics (only significant variables are presented, statistical significance: *** p < 0.001; ** 0.001< p <0.01; * 0.01<p

<0.05)
Characteristics Landscape class Landscape metric Beta SE P
TE 0.0258 0.0001 *
Open landscape
NDCA -0.0274 0.0275 *
Lo TE 0.0473 0.0001 *
Abundance of individuals
Open forest SHAPE MN -0.0307 0.1097 *
NDCA -0.0359 0.0499 *
Forest TE 0.0368 0.0001 oAk
TE 0.04 0.0001 *
o Open landscape
Species richness NDCA -0.0356 0.0277 *
Forest TE 0.0515 0.0001 ok
TE 0.2797 0.0001 o
Open landscape
NDCA -0.2095 0.0285 *
Shannon Diversity Index TE 0.1882 0.0001 ok
Shrubs
NDCA 0.0458 0.0285 *
Forest TE 0.2656 0.0001 o

An overview of the dependencies for the parameters
total abundance, total species richness and Shannon
diversity in all landscape classes reveals a general
positive relationship with the Edge density (TE).
This could be explained by the ecotone effect in bor-
der areas between different habitats, where generalst

species find favourable conditions, while farmland
and forest specialists use some of the resources of
the habitat (such as food sources and protection
from predators). In addition, the NDCA metric that
measures core area preferences while also showing
the level of fragmentation of the core area has nega-
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tive values for all landscape classes, except for the
Shrubs class, which confirms the predominant role
of the ecotone effect in the bird community, causing
increased abundance and species richness near the
forest edge (TERRAUBE et al. 2016). As the various
habitat guilds have different requirements for the
presence of a core area in relation to the ecotone, the
NDCA is one of the measures of this relationship.
Other potential core area metrics usually correlate
with area-related metrics, which limits their impli-
cation unless they are analysed separately.

Farmland specialists preferences

The strongest dependency for farmland specialists’
SpR is the negative effect of forest habitats area —
higher negative effect of Forests class PLAND val-
ues and smaller, but still significant negative effect
for the Open forests class PLAND values. The same
metric, calculated for the Open landscapes class
shows positive dependency. These results confirm
the previously revealed fact that the open landscape
specialists show a greater level of habitat speciali-
zation compared to other habitat specialists groups
(TeErRrRAUBE et al. 2016) and highlight the importance
of providing a sufficient amount of open landscapes
with good quality in order to stop the negative num-
bers trend for this group in Europe.

NDCA metric showing a negative effect on
farmland specialists’ SpR in Srubs class leads to a
conclusion that big shrubby patches, formed after
land abandonment, significantly reduce habitat qual-
ity for this habitat guild.

Edge density measured by TE metric shows
a positive effect on farmland specialists’ SpR in
Shrubs and Forest classes and the effect is strong-
er in Forest class. Our results differ from those of
Boraes et al. (2017), who found a negative associa-
tion of the metric with farmland species. A possible
reason could be the different sizes of the class area
in the two studies, since our study area represents a
very heterogeneous landscape, strongly affected by
post-abandonment succession.

Generalists preferences

Our results suggest that generalists’ SpR is negative-
ly affected by high values of PLAND of FO class and
positively affected by TE in OL, SH and FO classes.
These results suggest a dominant role of the general-
ist species in the early stages of post-abandonment
successional habitats characterised by an abundance
of edge habitats. A review of the total direction and
strength of the responses of this habitat guild, com-
pared with the farmland specialists, suggests that the
habitat changes due to land abandonment contribute
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to the tendency of bird communities to be composed
more and more of native generalist species in Eu-
rope (LE VioL et al. 2012).

Forest specialists preferences

Based on forest specialists’ response to PLAND
and TE metrics values, this habitat guild tends to
prefer areas dominated by forest habitat (ecotone
areas) but only when it is the edge zone of forest
patches. The weak positive response to NDCA in the
Shrubs Class suggests that forest specialists could
use shrubby areas to some extent, although it is con-
troversial if this habitat is used as a breeding area or
only as a source of food.

Conservation implications

Application of this type of analysis in the local Bul-
garian conditions reveals the relationship between
the habitat guilds and the conditions typical for the
succession communities. Our results can be imple-
mented in the planning of conservation activities for
protected bird species of a certain habitat guild or in
the management plans of protected areas. For such
purposes, it is important to consider that landscape
heterogeneity, described by landscape metrics is not
a direct factor explaining species richness or diver-
sity in agricultural landscapes because this approach
does not take into account habitat quality (HEIKKI-
NEN et al. 2004). Other factors, such as predation
risk or food availability in human-dominated land-
scapes, should also be considered.

Defining and analysing the relationships be-
tween biodiversity and landscape configuration is a
useful approach to establishing dependencies across
a variety of habitats (MORELLI et al. 2018) at the
level of a certain class of land cover as well as at the
landscape level (CARRARA et al. 2015).

Conclusions

Because of the succession process caused by the
abandonment of agricultural land in areas with decid-
uous shrubs and forests, the suitability of the habitat
for farmland birds is deteriorating due to both direct
habitat loss and reduced suitability of the remain-
ing patches. A good understanding of the relation-
ship between landscape metrics and bird community
parameters allows for the development of different
scenarios for landscape management, which can in-
crease suitable habitat availability for focal habitat
guilds. Bird species associated with open landscapes
are most affected by land-use changes. To improve
habitat conditions for this group, the established de-
pendencies must be considered in vegetation man-
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agement plans in areas where their conservation is
a priority. Landscapes with such characteristics will
also improve the conditions for generalist species.
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