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Abstract:  Currently, the plain forests across the Upper Thracian lowland are the last remnants of once widely spread
deciduous vegetation dominated by oak forests. The avifauna in the Upper Thracian lowland forests has
been poorly studied over the years. Here, we present a large dataset on the composition, species richness,
and distribution of bird species within 15 managed plain forest fragments. This study is the first compre-
hensive scientific research on the topic, revealing the importance of the last remaining plain forests in the
country for bird conservation. In total, 95 avian species were registered during the survey. Seventy-eight
were confirmed as breeders in the study area, and 17 were excluded from the analysis, as their presence
was either related to specific non-forest microhabitats within the forest patches or stopover sites during
migration. Species richness varied from 51 to 35 species per forest fragment. In total, 14 (18%) species
occurred in all sites, and six (7.7%) species were present in a single locality. Shannon Diversity Index
showed the highest species diversity in the Tyurkmen forest (H=3.33), where the greatest number of forest
edge species was found. The index showed the lowest value in the Izbeglii forest (H=2.943). The evenness
of the species distribution was lowest in Izbeglii (J=0.77) and highest in Novi Izvor (J=0.88).
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Introduction

Forests are the largest terrestrial ecosystem in the
European Union (FOresT EUROPE, 2015), and most
plant and animal diversity is contained in forests.
The spread of human settlement and increased agri-
cultural land are the most important factors causing
the loss, degradation, and fragmentation of natural
vegetation, including forests, worldwide (HANSKI et
al. 1996, JACKSON & FAHRIG 2013; YABUHARA et al.
2019). In many parts of the world, agricultural land-
scapes dominate, and woods remain only as islands
in the farmland matrix (NAMKOONG & KosHy 2008).

"Corresponding author: polinadhr@gmail.com

Similarly, forests in the Western Upper Thra-
cian lowland are represented by separated and
heavily transformed isolated forest patches, cover-
ing only about 4% of the area (NaM et al. 2022),
distributed across an extensive farmland matrix.
These patches of forests provide islands of habitats
(MATTHEWS & TrIANTIS 2021) for many bird spe-
cies in the heavily disturbed region of the Thracian
lowland. Thus, these forest patches offer an excel-
lent opportunity for studying the effects of forest
fragmentation and how anthropogenic landscapes
drive species composition, richness, and diversity
(FaHRIG 2003).
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Habitat loss and habitat fragmentation are the
leading causes of adverse effects on biodiversity
worldwide. While habitat loss is known to be the
major threat to forest biodiversity, forest fragmen-
tation can have both negative and positive impacts
(JacksoN & FaHRIG 2013). Fragmentation is the
transformation of “a large expanse of habitat into
several fragments of smaller total area, separated
from each other by a matrix of habitats unlike the
original” (FAHRIG 2003). Forest fragmentation re-
sults from a combination of forest removal and the
creation of forest patches within a non-forest matrix
(STRATFORD & SEKERCIOGLU 2015) and has three
major components: reduction in habitat patch size,
increasing isolation of habitat patches (ANDREN
1994), and change in habitat configuration (JACKSON
& FAHRIG 2013).

Changes in forest structure can negatively or
positively affect forest bird species, depending on
variable habitat preferences. Intensive forestry has
created mosaics of mature and successional stands
of various ages with an increased amount of forest
edge (Hanski et al. 1996). Typically, the number of
species associated with mature forest trees (e.g., fly-
catchers, treecreepers, etc.) is reduced in forest frag-
ments (STRATFORD & SEKERCIOGLU 2015), while
species associated with early successional habitats
and forest edges usually benefit from harvesting and
fragmentation (LEso et al. 2019).

Forest size is generally correlated with the spe-
cies richness and composition of breeding bird as-
semblages. Smaller forest fragments can hold more
species, but many area-sensitive bird species are un-
common in smaller forests. Typically, dependent on
forest area, species, breed only in interior habitats of
the larger forests (BLAKE & KARR 1984, FREEMARK
& CoLLINS 1992).

Despite the historical changes and the inten-
sive management practices, the last forest remnants
of the Western Upper Thracian lowland hold a con-
siderable number of bird species from different
ecological groups and taxa, thus providing a good
example of complex and dynamic landscapes. The
avifauna in the Upper Thracian lowland forests is
poorly studied. Faunal review and distribution de-
pending on the habitat preferences of bird species
is considered in Fauna of Thrace — Birds in Thrace
(Bogv et al. 1964). The bird composition of the low-
land is reviewed in the popular science articles of
HristovicH (1890, 1892) and the publications of
REISER (1894) and BALAT (1962) (BOEvV et al. 1964).
Patev (1950) presents data on the distribution of
bird species in the lowlands, although without any
specific surveys. Data on the avian distribution in
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the lowland is also found in the Fauna of Bulgar-
ia (StMmeoNoOV et al. 1990, NANKINOV et al. 1997,
Ivanov 2011), as well as in the Atlas of the breeding
birds in Bulgaria (Iankov 2007). However, current-
ly, systematic or comparative studies of bird compo-
sition associated with the Western Thracian lowland
mosaic landscape are not available.

Birds are best studied in relation to environ-
mental changes and are viewed as one of the most
important indicator groups (BaLaz & BALAZOVA
2012, WESOLOWSKI et al. 2022). As major parts of
European forests are managed for human purposes,
investigating long-term population trends of birds
is a way to understand the impacts of changes in
the forest environment on biodiversity (REIF et al.
2022). One of the primary attributes of biodiversity,
widely recognised as providing a framework for re-
search on forest biodiversity, is assessing the species
composition, including species lists and measures of
species diversity (Gao et al. 2015).

The study aimed to provide detailed knowl-
edge on bird composition and diversity and serve
as a base for future understanding of the trends of
avian communities in plain forest fragments. In this
regard, we present the results of the analysis of a
large dataset on the composition and diversity of
bird assemblages within 15 plain forest fragments
from the Western Upper Thracian lowland.

Materials and Methods

Study Area

The study was carried out in the forest landscape of
the Western Upper Thracian lowland (Fig. 1). The
forest patches are of broad-leaved vegetation, sur-
rounded by intensive agricultural lands in a region
with high population density and high level of in-
frastructure development. The forest landscape is
mainly affected by human activities linked to silvi-
culture and the creation of complex mosaic forest
patches of different sizes (KopPRALEV 2002). The
relief is plain with a mean elevation of 202 m (133-
331 m a.s.l.). The climate is transitional continental.
According to the origin, a major part of the forests
is coppice stands (93.6%), with only a small por-
tion of seed stands (6.07%). According to the spe-
cies composition, the forest fragments consist pre-
dominantly of different oak species (Quercus robur,
Quercus patraea, Quercus frainetto, Quercus cerris,
Quercus pubescens), Field elm (Ulmus minor), Nar-
row-leaved ash (Fraxinus anguistifolia), Field ma-
ple (Acer campestre), False acacia (Robinia pseu-
doacacia), European hornbeam (Carpinus betulus),
Silver poplar (Populus alba), White willow (Salix
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Fig. 1. Study area and sampling sites. Municipal districts are
in yellow with black borders, and study forests are in green.

alba) and Common alder (4/nus glutinosa) (KOPRA-
LEV 2002).

The study covered 15 forest patches with size
ranges from 68.8 ha to 577.4 ha and a total area of
3677.117 ha (Fig. 2). To study the composition and
distribution of the breeding birds, we split the area
into 1307 sample plots with grid size 150 x 150 m
using QGIS 3.26.3 (2020). We used random selec-
tion to choose 71 study plots (= 5% of all plots) for
our study, which is considered a sufficient sample
size (BiBByY et al. 1998).

Data was collected using Smart Birds Pro’s
electronic application, which allows for a standard-
ised collection of biological information and sum-
marisation for subsequent analysis (POPGEORGIEV et
al. 2015).

Birds Surveys
Diurnal Bird Species

A point count methodology for dense forests and
inconspicuous birds was used to account for different
species and their number (BiBBY et al. 1998). Birds
were also recorded during the transition between the
census points, and data were used to complement

Area/ha

Fig. 2. Forest area in ha for the 15 study fragments with
abbreviations in brackets.

the results on bird richness without applying line
transect methodology (Fig. 3).

Bird surveys were performed between April
and July for three consecutive years (2020-2022).
Bird surveys in all selected study plots were per-
formed from 5:30-11:00 am when birds are most
active, displayed, and under good meteorological
conditions (without strong wind, rain or fog). Each
plot was visited twice per breeding season each year
with 10—40 days (21 days on average) between the
visits (BiBBY et al. 1998). During each visit, eve-
ry study plot was surveyed for approximately 15
minutes. Birds were identified based on both vo-
cal (song/calls) registration and visual observation.
Birds flying over the study plots were excluded from
the count. For some individuals, calls and songs
were recorded during the survey and identified in
addition. We accounted for the number of breeding
pairs whenever one of the following conditions was
met: 1. Adult bird observed in a habitat suitable for
breeding; 2. Singing male; 3. Male and female birds
are located closely; 4. Flock of fledged young birds
moving together with or without parents; 5. Occu-
pied nest or hollow (NIKOLOV & Spasov 2005).

Nocturnal Raptor Species

The nocturnal raptor species were surveyed using
vocal provocation at randomly selected points, de-
pending on each species’ territorial behaviour, at
least 500 m apart (SHURULINKOV et al. 2013). The
survey was carried out between March and April
2020 and 2021. Species were recorded in 74 ran-
domly selected points in all 15 forest fragments after
sunset under good meteorological conditions. The
survey targeted all nocturnal raptor species expected
in the study area: Eurasian Scops owl (Otus scops),
Little owl (Athene noctua), Long-eared owl (4sio
otus), Barn owl (Tyto alba), Tawny owl (Strix alu-
co) and Short-eared owl (4sio flammeus). Bird calls

151



Hristova P, Popgeorgiev G., Dobrev V., Dimitrov H. & Plachiyski D.

Carduelis carduelis

»

[}

°Fr.i.ngil’l’a coelebs

Streptopelia turtur A

Turdus merula m

e Oriolus oriolus

',Parus major

“Parus caeruleus

Oriolus oriolus

«Carrulus glandarius

Coccothraustes coccothraustes < 1 e}

Turdus philomelos o

GParus major

°Fn‘ngiﬂa coelebs

Dryocopus martius o

0 10 20 30 40 m v
—— | Maps data: Googl|

\ Upupa epops
Corvus cornix °

[
Columba palumbus

oTurdus Lt oOnolus oriolus

Fig. 3. Observed bird species (yellow dots) with radial distances (red lines) from observation point (black dot) in ran-
domly selected sample plots (blue borders) within the forest of Chekeritsa during the breeding season of 2022 (Google

Maps 2024).

were acoustically simulated with a sound-producing
device and loudspeaker. The different species were
vocally simulated with the specific breeding call in
each study point. Each call of every species, starting
with the smallest size, was played for at least three
minutes, followed by a one-minute break for active
listening for any vocal reactions.

Each bird species was classified by breeding
habitat preferences as follows: 1) forest-interior spe-
cies, which restrict their activity to interior parts of
the forests and rarely occur near the edge; 2) forest-
edge species, typically found around forest perim-
eters or in large clearings within a forest; 3) interi-
or-edge species, found both on the edge and in the
interior of the forests; 4) species of the open habitat,
found in nearby fields or fields within the forests.
Preferred breeding habitat classification was based
on BLAKE & KARR (1984). The allocation of the spe-
cies depending on the habitat preferences was based
on SIMEONOV et al. (1990), NaNkiNov et al. (1997),
Ivanov (2011) and our own field experience with the
majority of species recorded.

A total of 69 species were registered during
point count surveys and 26 species during the transi-
tion between the study plots (random observations).
Seventeen species were excluded from the analysis,
as their presence was related to specific non-forest
microhabitats within the forests (e.g. small ponds,
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buildings, etc.), feeding sites or stopover sites dur-
ing migration. Species richness includes all species
with at least one observation within the study area.
Breeding bird status is according to HAGEMEDER &
BLAIR (1997).

We used the Shannon-Wiener Diversity Index
to derive Species Diversity and Species Evenness
values. Only species with confirmed breeding sta-
tus and species consistent with the breeding habitat
groups were analysed. Strigiformes species were ex-
cluded from the diversity measure analysis, as the
data was collected only for the period 2020-2021.

All statistical analyses were performed using
Past v. 4.3 (HAMMER et al. 2001), and maps were
generated using QGIS 3.26.3 (2020).

Results

In total, 95 species from 17 Orders and 38 Fami-
lies were recorded during the survey with different
breeding status (Table 1). We confirmed 78 of them
as breeders in the study area.

Forest-interior species formed a minor compo-
nent of bird composition — 9% (n=7), followed by
open habitat birds, represented by 10 species (13%).
The best presented were the interior-edge species
— 50% (n=39) and the forest-edge species — 28%
(n=22). Fourteen species (18%) occurred in all sites,
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Table 1. Complete list of all registered species within the study sites and their preferred breeding habitat (+) (FI —
forest-interior; FE — forest-edge; IE — interior-edge; OH — open habitat). Species, excluded from the analysis (Other)
are marked with * (waterfowls), ** (open habitats without relation to forests), *** (buildings or other infrastructure),
**%% (stopover sites during migration).

Order Family Species FI FE IE OH | Other
Accipitriformes Accipitridae Accipiter gentilis +
Accipitriformes Accipitridae Accipiter nisus +
Accipitriformes Accipitridae Clanga pomarina +
Accipitriformes Accipitridae Buteo buteo +
Accipitriformes Accipitridae Circaetus gallicus +
Accipitriformes Accipitridae Haliaeetus albicilla +
Accipitriformes Accipitridae Hieraaetus pennatus +
Accipitriformes Accipitridae Milvus migrans +
Accipitriformes Accipitridae Pernis apivorus +
Anseriformes Anatidae Anas platyrhynchos * +
Anseriformes Anatidae Tadorna ferruginea * +
Bucerotiformes Upupidae Upupa epops +
Caprimulgiformes Caprimulgidae Caprimulgus europaeus +
Charadriiformes Charadriidae Charadrius dubius * +
Ciconiiformes Ciconiidae Ciconia ciconia ** +
Ciconiiformes Ciconiidae Ciconia nigra +
Columbiformes Columbidae Columba palumbus +
Columbiformes Columbidae Streptopelia decaocto +
Columbiformes Columbidae Streptopelia turtur +
Coraciiformes Coraciidae Coracias garrulus +
Cuculiformes Cuculidae Cuculus canorus +
Falconiformes Falconidae Falco subbuteo +
Falconiformes Falconidae Falco tinnunculus *** +
Galliformes Phasianidae Coturnix coturnix +
Galliformes Phasianidae Perdix perdix +
Galliformes Phasianidae Phasianus colchicus +
Gruiformes Rallidae Crex crex +
Passeriformes Acrocephalidae | Acrocephalus palustris +
Passeriformes Acrocephalidae | Hippolais pallida +
Passeriformes Aegithalidae Aegithalos caudatus +
Passeriformes Alaudidae Alauda arvensis +
Passeriformes Alaudidae Galerida cristata +
Passeriformes Alaudidae Lullula arborea +
Passeriformes Certhiidae Certhia brachydactyla +
Passeriformes Corvidae Corvus corax +
Passeriformes Corvidae Corvus cornix +
Passeriformes Corvidae Corvus frugilegus +
Passeriformes Corvidae Garrulus glandarius +
Passeriformes Corvidae Pica pica +
Passeriformes Emberizidae Emberiza cirlus +
Passeriformes Emberizidae Emberiza hortulana +
Passeriformes Emberizidae Emberiza melanocephala +
Passeriformes Emberizidae Emberiza calandra +
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Table 1. Continuation.

Order Family Species FI FE IE OH | Other
Passeriformes Fringillidae Carduelis carduelis +
Passeriformes Fringillidae Chloris chloris +
Passeriformes Fringillidae Coccothraustes coccothraustes +
Passeriformes Fringillidae Fringilla coelebs +
Passeriformes Hirundinidae Delichon urbicum *** +
Passeriformes Hirundinidae Cercopis daurica *** +
Passeriformes Hirundinidae Hirundo rustica *** +
Passeriformes Laniidae Lanius collurio +
Passeriformes Laniidae Lanius minor +
Passeriformes Laniidae Lanius nubicus +
Passeriformes Laniidae Lanius senator +
Passeriformes Motacillidae Motacilla flava +
Passeriformes Muscicapidae Erithacus rubecula +
Passeriformes Muscicapidae Ficedula semitorquata +
Passeriformes Muscicapidae Luscinia megarhynchos +
Passeriformes Muscicapidae Muscicapa striata +
Passeriformes Muscicapidae Saxicola rubetra +
Passeriformes Muscicapidae Saxicola torquata +
Passeriformes Oriolidae Oriolus oriolus +
Passeriformes Paridae Parus caeruleus +
Passeriformes Paridae Parus major +
Passeriformes Passeridae Passer domesticus +
Passeriformes Passeridae Passer hispaniolensis +
Passeriformes Passeridae Passer montanus +
Passeriformes Philloscopidae Phylloscopus collybita +
Passeriformes Philloscopidae Phylloscopus sibilatrix **** +
Passeriformes Remizidae Remiz pendulinus +
Passeriformes Sittidae Sitta europaea +
Passeriformes Sturnidae Sturnus vulgaris +
Passeriformes Sylviidae Sylvia atricapilla +
Passeriformes Sylviidae Curruca communis +
Passeriformes Sylviidae Curruca curruca +
Passeriformes Sylviidae Curruca nisoria +
Passeriformes Troglodytidae Troglodytes troglodytes +
Passeriformes Turdidae Turdus merula +
Passeriformes Turdidae Turdus philomelos +
Pelecaniformes Ardeidae Ardea cinerea * +
Pelecaniformes Ardeidae Ardeola ralloides * +
Pelecaniformes Ardeidae Nycticorax nycticorax * +
Pelecaniformes Ardeidae Egretta garzetta * +
Piciformes Picidae Dendrocopos major +
Piciformes Picidae Dryobates minor +
Piciformes Picidae Dendrocopos syriacus +
Piciformes Picidae Dryocopus martius +
Piciformes Picidae Picus viridis +
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Table 1. Continuation.

Order Family Species FI FE IE OH | Other
Podicipediformes Podicipedidae Podiceps cristatus * +
Strigiformes Strigidae Asio flammeus ** +
Strigiformes Strigidae Asio otus +
Strigiformes Strigidae Athene noctua *** +
Strigiformes Strigidae Otus scops +
Strigiformes Strigidae Strix aluco +
Strigiformes Tytonidae Tyto alba *** +

Shannon_H Equitability_J
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Fig. 4. Shannon Diversity Index of the species in the
study forests.

and six species (7.7%) at a single locality each (Ta-
ble 2.). The best-presented order in all forest patches
was Passeriformes, with a total of 48 species from
20 families.

Chekeritsa forest (n=51) and Tyurkmen forest
(n=51) were found to be the richest in species, where-
as the fewest species were registered in Begovo forest
(n=35). The forest-interior species ranged from none
to five per study site. The number of forest-edge spe-
cies varied from two at Begovo forest to 15 at Ty-
urkmen forest. Interior-edge species varied from 21
to 33 per locality, with the highest number found in
Gradina forest (n=33) and the smallest in Novi [zvor
forest (n=21).

Shannon Diversity index showed the high-
est values in the Turkmen forest (H=3.33) and the
lowest in Izbeglii (H=2.94) (Fig. 4). The Evenness
of the species distribution (heterogeneity) was low-
est in Izbeglii (J=0.77) and highest in Novi Izvor
(J=0.88) (Fig. 5).

Discussion

During the current study, a great diversity of species
was identified — in total, 95 species from 17 orders
and 38 families. The study area encompassed dif-

Fig. 5. Shannon Evenness Index (J) of the species in the
study forests.

ferent sizes and structures of forest fragments, with
stand age predominantly between 20 and 80 years
(65% of the total area), that differed in management
interventions. Distribution and species diversity of
birds in the patchy environment was determined
primarily by the presence of suitable habitats (Op-
DAM et al. 1985), heterogeneity (BOECKLEN 1986),
forest structure (HOFMEISTER et al. 2017) and forest
size (FREEMARK & COLLINS 1992). The study forests
were highly fragmented; some of them consisted of
different tree species of different ages and a large
part of an ecotone area. Together with the combi-
nation of various waterbodies and arable lands, the
lowland landscape presented a complex mosaic of
habitats with a high level of heterogeneity (Nawm et
al. 2022). This diversity of habitats can explain the
presence of large numbers of bird species from dif-
ferent communities.

The highest species richness was found in for-
ests with high levels of heterogeneity, consisting of
rich forest structure, diverse surrounding habitats
and forest openings, providing foraging habitats.
Both the forests of Tyurkmen and Chekeritsa were
comprised of 51 species. The high species rich-
ness in the forest of Tyurkmen is due to increased
heterogeneity with different stand stages despite
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Table 2. Species (+) registered in the study forest fragments (Begovo [B]; Vinitsa [V]; Gradina [G]; Graf Ignatievo
[GI]; Dalbok Izvor [DI]; Izbeglii [I]; Mirovo [M]; Novi izvor [NI]; Opalchenets [OP]; Orizovo [OR]; Padarsko [P];
Trud [TR]; Tyurkmen [TY]; Chekeritsa [CH]; Shishmantsi [SH]), and their breeding status (PB — possible breeder;
PRB — probable breeding; CB — confirmed breeding; NB — non-breeding).

Species B V G GI DI I | M NIOPOR P TRTY CH sH Counted Breeding
forests code
Accipiter gentilis I T T 3 PRB
Accipiter nisus T o e e e L T S A B S A B A S 7 PB
Acrocephalus palustris T e e I I e e e e e 4 PB
Aegithalos caudatus e e T s T N I e S A A S A S A o 12 CB
Alauda arvensis S S e A e e A e e I o I A 11 PB
Clanga pomarina e T T e B e e e A I A IR I S 5 PB
Asio otus S B s S e e i R O S e o R B A 10 PB
Buteo buteo S e e R I o T A e AN I S O S B S 12 PRB
Caprimulgus europaeus e e T T e o L e S L e 5 PB
Carduelis carduelis -+ |+ S T T I B I I i G 6 PRB
Chloris chloris + 4+ |+ |+ -+ -+ -] -]+ + 11 PRB
Certhia brachydactyla S S TS U U U B R S 1 PB
Ciconia nigra SO A A B S A S S I S I B I e s 9 CB
Circaetus gallicus e T e L e e e e e O T 3 PB
liiZZi;ﬁgauStes cocco- + |+ + | + + |+ + |+ |+ + |+ ]+ +] + |+ 15 CB
Columba palumbus e R S S e e e R B I e A e i s 14 PRB
Coracias garrulus T e T e 4 CB
Corvus corax B i T A S I O I I B S AU B I SR 10 CB
Corvus cornix e T i T T e e B e I R e 6 CB
Corvus frugilegus e e 1 PB
Coturnix coturnix I o e I T S I I R 5 PRB
Crex crex T T e T T T e 1 PB
Cuculus canorus e e B e B e B A A B B B e B I e 15 PB
Dendrocopos major N B S e e e S o I S e I i A e 14 CB
Dryobates minor o T T L L e T i B e R e s 5 PB
Dendrocopos syriacus + |+ |+ ]+ -] -] -] - - -+ -+ - 7 PB
Dryocopus martius S T A I S 9 PRB
Emberiza cirlus e e A TN s o AT A U AU U (R 2 PB
Emberiza hortulana e o i B e B e B I 8 PB
Emberiza melanocephala | - | - |+ | - | - |+ |+ | - +| + |- |+ |+ ]+ ] - 8 PB
Erithacus rubecula ++ |+ |+ |+ |+ |+ ]+ |+ + ]+ 15 CB
Falco subbuteo T T T e 1 PB
Ficedula semitorquata I I T N i L L i e e e e T B 5 PB
Fringilla coelebs i  a A S 15 CB
Galerida cristata I e e s o A A U B I S R g 6 PRB
Garrulus glandarius i i A T e T e e B R e e e e e A e 15 PRB
Haliaeetus albicilla s [T v R e 1 NB
Hieraaetus pennatus - - - - - -+ - - - - - -]+ - 2 PB
Hippolais pallida e I T T e A e O B e T e 10 PB
Lanius collurio I B B i e s A S B A S A S A A 15 CB
Lanius minor -l -] - - I o BT o A AU (U [ (U 2 PB
Lanius nubicus N e T T I o A o AU IR U I S (R g 5 PRB
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Table 2. Continuation.

Species B|V G GI DI| I M NIOPOR| P TRTY CH sH Counted Breeding
forests code
Lanius senator -+ |+ - I R N N R 5 PRB
Lullula arborea e e N T I e e e e e e R 2 PB
Luscinia megarhynchos S e S I o s s e I o o A 15 PRB
Emberiza calandra i o s e e e o o ol Sl I o 15 PRB
Milvus migrans s T T e e e e e L e L L 4 CB
Motacilla flava e e e e e T i AR A N S S I 5 PRB
Muscicapa striata S RN S S I S I S B S S B R i s 11 PB
Oriolus oriolus R e S 15 CB
Otus scops S e I R B I e I A R AR o 11 PB
Parus caeruleus + 4+ |+ - |+ |- -+ |+ ||+ + 12 CB
Parus major R e i s e A 15 CB
Passer domesticus O T T e e B B B i e e N T 1 PB
Passer hispaniolensis O i T N I S B S B B S A e I 6 CB
Passer montanus O I o e e e S I B R S A o R 6 PRB
Perdix perdix e T T s S I S I I S S O o B S 11 PRB
Pernis apivorus + | - - - + |- - -1+ - [ - 4 PB
Phasianus colchicus S o I S I (o B e A i B S I S 14 PRB
Phylloscopus collybita R N T e e O o S i I A B 13 PB
Pica pica N e e e e B B R IR I S P A B 2 PB
Picus viridis S I S I S S S S S A e S A S I e S 14 PB
Remiz pendulinus T T T e 1 PB
Saxicola rubetra e I T TN I U (R (R RNV S (RS 2 PB
Saxicola torquata T T I i i i B B I I R R 3 PB
Sitta europaea R N T T e S AN S o S O S I R A 11 PB
Streptopelia decaocto B e e =i s A O e e e e I e A A S 9 PB
Streptopelia turtur +l+ |+ | |+ + 15 PRB
Strix aluco - -+ - I I T T e e e e 5 PRB
Sturnus vulgaris e I e e o A T N O e A A I I 14 CB
Sylvia atricapilla +l+ |+ |+ ]+ 15 PRB
Curruca communis T e e e T e I A e e e S S S 9 PB
Curruca curruca B e T T PB
Curruca nisoria I I T S A S R IR -+ -+ - - CB
Troglodytes troglodytes B A A U U (U I I I B S I SR S CB
Turdus merula S I S o e o S A S e S o I S 15 CB
Turdus philomelos R i s e A o S i I I o A 15 CB
Upupa epops S e A e A e e i I S I S S S B B 14 PB

the intensive human disturbance. On the contrary,
management activities in the forest of Chekeritsa
are limited, as it is a game breeding station. An-
other beneficial feature of the Chekeritsa forest is
the presence of the Stryama River in the periphery,
with well-preserved riparian vegetation. On the oth-
er hand, the forest of Begovo, where fewer species
were registered, mainly consists of one tree species,
and human disturbance is minimal. There is a lack

of forest openings and no differentiation of ecotone
area, which can explain the low number of forest
edge species (n=2) and the absence of species in the
open habitats.

Bird composition consisted of species from
four groups based on their breeding habitat prefer-
ences: 1) forest-interior species; 2) forest-edge spe-
cies; 3) interior-edge species; 4) species of the open
habitat (BLAKE & KARR 1984). Our results showed
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that the species inhabiting both the interior and edge
of the forests are the most diverse — 39 (50%). Typi-
cally, the high number of bird species in fragmented
forests is linked with the larger amount of edge area,
as well as forest openings and early-successional
stage habitats (HAuLTON 2008). We found that some
generalist species were abundant closer to the forest
edge (e.g., Luscinia megarhynchos, Sylvia atricap-
illa, Turdus merula, and Fringilla coelebs). At the
same time, typical forest-dependent birds were well
presented also in the core area of the forest fragments
(e.g., Erithacus rubecula, Columba palumbus, Tur-
dus philomelos, Coccothraustes coccothraustes).
Many species benefit from the mosaic landscapes,
as they provide suitable breeding sites and foraging
areas with abundant prey in the open spaces. The
presence of forest patches with different stand ages
in the agricultural landscape fulfils the minimal hab-
itat requirements for a number of species dependent
on mature trees for breeding sites (MIRSKI & VALI
2021). This makes the lowland an attractive envi-
ronment for the birds of prey. Although we didn’t
apply a specific methodology for diurnal raptor spe-
cies, during the study, we registered 10 species from
the order Accipitriformes and Falconiformes, dem-
onstrating breeding or territorial behaviour.

The best presented was the Common Buzzard
(Buteo buteo) found in 12 of the study sites, while
the other species had occasional and local observa-
tions. Given that all registered species are common
breeders in the Thracian lowland (Iankov 2007), the
only exception for the vicinity of the Maritsa River
was the observation of a White-tailed Eagle (Hali-
aeetus albicilla) pair with occupied territory, but un-
successful breeding (DEMERDZHIEV, pers. comm.).
Other interior-edge species, such as the woodpeck-
ers (e.g. Dendrocopos major, Dendrocopos syriacus,
Dryobates minor, Picus viridis) and some secondary
cavity-nesters (Parus major, Upupa epops) are de-
pendent on specific forest features, such as the pres-
ence of large, old-aged trees and deadwood (BASILE
2019).

Forest-interior species formed a minor compo-
nent of the bird composition — 7 (9%) in our study.
Typically, the number of forest-interior and sensi-
tive species is reduced in forest fragments (BANKS-
LerTe et al. 2010), as these birds can be found in
greater numbers in unmanaged forests (LEso et al.
2019). The low numbers of interior species in for-
est segments are mainly due to the high level of
fragmentation, leading to multiple edges and lack
of true interior (BANKS-LEITE et al. 2010) in most
of the fragments. Forest-interior species varied from
none to five per site and were best presented in the

158

forest fragments with larger size and heterogeneous
structure (forests of Opalchenets, Tyurkmen, Shish-
mantsi and Padarsko), forests with limited manage-
ment activities (forest of Chekeritsa and Gradina)
and riverine forests (Vinitsa and Gradina forests).

Twenty-two of all species were dependent on
the forest edge. These species were mainly related
to the presence of shrubs and open patches (e.g.,
Sylvidae, Lanidae, Passeridae), as well as with the
adjacent habitat type (e.g., Crex crex) and farmlands
(e.g., Streptopelia turtur, Emberiza hortulana, Lani-
us collurio). According to LEso et al. (2019), species
related to edges might benefit in forests with altered
habitats and usually benefit from harvesting and
fragmentation. However, the number of forest edge
species was not occasional and can be explained by
the mosaic landscape, high level of fragmentation
and a large amount of ecotone area, both in the pe-
riphery and in gaps within the forests.

We registered 12 species related to open habi-
tats for breeding, which were recorded on the edge
or in arable lands and openings within the forests.
These species are not dependent on forests and tree
stands, but according to BERG & PART (1994), their
abundance is linked to the structure and quality of
the field-forest ecotone. The registered species in the
current study are mainly related to the presence of
bushes within the pastures and meadows (Emberiza
cirlus, Emberiza melanocephala, Saxicola rubetra,
Saxicola torquata), quality of the habitat and forag-
ing resource (Alauda arvensis, Galerida cristata),
as well as ploughing of pastures and meadows. The
common farmland species, which are presented in
this group, are one of the most rapidly declining avi-
an groups, mainly due to the intensification of agri-
culture and the decrease in pastures and meadows.
Best presented in our study were the Corn bunt-
ing (Emberiza calandra) and the Skylark (4lauda
arvensis), both showing a decrease in population
trends according to the assessment of the common
bird species in Bulgaria (HrisTov 2022).

Bird species diversity was highest in Tyurkmen
forest (H=3.33) and lowest in Izbeglii (H=2.94) (Fig.
4). The forest of Tyurkmen is highly fragmented, as
patches are relatively separated from each other and
surrounded by various mosaic habitats. A major part
of the surrounding area is farmland, while meadows,
pastures, shrubs, and grasslands have a small share.
Intensive management activities are taking place
in the forest, and almost half of it is a Black locust
plantation (46% of the total forest area), with 67%
of the trees under the age of 20 years. This shows
that a large part of the forest is in the early succes-
sional stage, which is known to support higher bird
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richness, providing breeding and foraging habitats
for field and shrub-nesting species (BERG & ParT
1994). Turkey oak is the second tree species in the
forest with 42% of the total area and with age be-
tween 20 and 80 years old. We can conclude that the
forest of Tyurkmen continues to support a variety
of bird communities despite human disturbance and
landscape changes. The results show that the forest
habitat is hostile for various bird communities with
diverse and equally abundant taxa.

Controversially, the lowest value was found
in the forest of Izbeglii (H=2.94). The forest con-
sists entirely of two oak species — Hungarian oak
and Pubescent oak, with a small portion of Black
locust. The trees are relatively uniform in age, with
a poorly presented shrub layer. We found a larger
number of farmland species (n = 8), which can be
explained by the presence of a considerable num-
ber of arable lands within the forest. Only one in-
terior species was found to breed in the forest — the
Black woodpecker (Dryocopus martius), probably
due to the exceptional appearance of single large
and old-aged trees. The results showed the lowest
evenness for the forest of Izbeglii (J=0.77). The low
heterogeneity index is likely based on the homoge-
neous vegetation structure with uniform stands and
the surrounding habitat mosaics, providing various
habitats but with small areas. Thus, the study site
provides a suitable habitat for various bird commu-
nities, yet with low numbers and uneven distribution
across the area.

The highest evenness was found to be in the
forest of Novi Izvor (J=0.88), as well as relatively
lower species richness (n=36). This result could be
explained by the uniform forest structure, dominated
by Hungarian oak (76% of the total area) and a small
amount of Black locust (8% of the total area), with
an almost complete absence of a shrub layer. The
homogeneous forest structure and the small total
area of the forest offer suitable habitat features for
fewer bird species. Yet, the common and abundant
species for the plain forests as a whole (e.g., Lus-
cinia megarhynchos, Turdus merula, Fringilla coe-
lebs etc.) are presented with low numbers, with the
majority of the species presented having less than
10 observations. Both the poor species richness and
higher value of the evenness index can be explained
by the homogeneous forest structure, resulting in
limited suitable breeding and foraging sites, thus
supporting fewer bird taxa but an equally presented
number of individuals among the communities.

The current study provides new data on the
poorly studied avifauna of the forest patches of the
largest lowland in Bulgaria. These forests harbour

numerous bird species in the heavily disturbed agri-
cultural region of the Western Upper Thracian low-
land. Our results could serve as a guideline for the
development of future management practices and
benefit the preservation of vulnerable bird species
and their habitat in the changing environment due to
anthropogenic activities and climate change.
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