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analyzed in each of the associations, significant differences 
were observed (Figure 4).

4. Discussion
Our study shows that the mosaics formed by woody 
vegetation have a different structure and composition 
of bird communities than both the compact and large 
deciduous forests. These mosaics have in their composition 
many edge species (Columba palumbus, Streptopelia turtur, 
Upupa epops, Lanius collurio, Sylvia curruca, Emberiza 
citrinella, Passer montanus, Sturnus vulgaris, Carduelis 
chloris, C. carduelis, Corvus monedula, C. corone cornix, 
Oriolus oriolus, and Pica pica). Some studies reveal the role 
of ecotone areas in supplying existing food and nesting 
resources from the area. Ecotones are considered unique 
habitats, suitable for species that are active in multiple 
habitats in their lifetime (MacArthur et al., 1962; Fagan et 
al., 1999; Tryjanowski et al., 2011).

According to the present study, the bird communities 
in deciduous forests were not differentiated by the 
type of forest. Among their characteristic species were 
Dendrocopos medius and Sitta europaea, two forest 
specialists. These deciduous forests provide shelter for 
many birds sensitive to habitat fragmentation (Clanga 
pomarina, Strix uralensis, Picus canus, Dendrocopos major, 
D. leucotos, Dryocopus martius, Corvus corax, Lullula 
arborea, and Coccothraustes coccothraustes).

The Salici–Populetum association has the most 
individualized bird community with the highest number 

of characteristic species. Among these birds, some are 
indicator species for the designation of protected areas 
(Dendrocopos syriacus, Lanius minor), while others are 
of national interest (Falco subbuteo, Picus viridis, Lanius 
collurio, Locustella fluviatilis, Motacilla alba, Oriolus 
oriolus).

Our findings revealed the ecological value of the 
orchards. These valuable habitats for birds (Carduelis 
cannabina, C. carduelis, C. chloris, Coccothraustes 
coccothraustes, Dendrocopos syriacus, Jynx torquilla, 
Lanius collurio, Oriolus oriolus, Otus scops, Phoenicurus 
ochruros, Phylloscopus collybita, Sitta europaea, and Picus 
viridis) require specific intervention. The ecosystem value 
of the orchards resides in their similarity to the nearby 
forest habitats. In the studied orchards, many ancient 
Transylvanian varieties of apple are cultivated. However, 
some extensive orchards have been abandoned because of 
their low economic value and would probably need special 
attention for their maintenance.

Regarding species richness and abundance (diversity, 
inclusively), the values are often higher in ecotone areas 
than in the interior of the phytocoenoses (Sisk and Battin, 
2002; Batáry et al., 2014). In areas of ecotone, the vegetation 
structure is more diverse, forming a transition between 
several plant communities. The overlap of different habitats 
provides more food and nesting resources within a smaller 
area than a single habitat that extends over a larger area 
(Šálek et al., 2010). In our case, the Salicetum triandrae 
and Salici–Populetum associations have developed along 

Figure 2. PCoA of the bird communities from the woody vegetation based on the Bray–Curtis index.
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Table 3. Bird species with significant indicator value from each plant association.

Species Ecological category Habitat type Ind. val. P

Passer domesticus Associated with localities O 0.39 0.0100

Garrulus glandarius Forest specialist O 0.36 0.0390

Sturnus vulgaris Forest generalist O 0.35 0.0160

Galerida cristata Associated with grasslands O 0.25 0.0030

Carduelis cannabina Associated with hills and scrubs O 0.25 0.0220

Emberiza citrinella Associated with hills and scrubs PC 0.86 0.0010

Lanius collurio Associated with hills and scrubs PC 0.80 0.0010

Merops apiaster Associated with grasslands PC 0.50 0.0020

Saxicola torquata Associated with grasslands PC 0.40 0.0070

Hirundo rustica Associated with localities SP 0.56 0.0040

Turdus pilaris Associated with localities SP 0.54 0.0010

Motacilla alba Associated with grasslands SP 0.50 0.0010

Oriolus oriolus Forest generalist SP 0.49 0.0060

Pica pica Associated with hills and scrubs SP 0.41 0.0070

Cuculus canorus Forest generalist SP 0.37 0.0170

Falco subbuteo Forest generalist SP 0.33 0.0030

Vanellus vanellus Birds of wetlands SP 0.33 0.0030

Locustella fluviatilis Birds of wetlands SP 0.33 0.0030

Passer montanus Associated with localities SP 0.31 0.0160

Buteo buteo Forest generalist SP 0.30 0.0330

Troglodytes troglodytes Forest generalist SP 0.28 0.0440

Dendrocopos syriacus Associated with localities SP 0.26 0.0440

Luscinia luscinia Associated with hills and scrubs SP 0.22 0.0310

Sylvia communis Associated with hills and scrubs St 0.87 0.0010

Aegithalos caudatus Forest generalist St 0.46 0.0010

Phasianus colchicus Associated with hills and scrubs St 0.40 0.0070

Lanius excubitor Associated with hills and scrubs St 0.38 0.0030

Acrocephalus palustris Birds of wetlands St 0.26 0.0150

Fringilla coelebs Forest generalist Forests 0.57 0.0010

Dendrocopos medius Forest specialist Forests 0.47 0.0060

Erithacus rubecula Forest generalist Forests 0.46 0.0040

Sitta europaea Forest specialist Forests 0.42 0.0090

Turdus philomelos Forest generalist Forests 0.35 0.0280

O- Orchards, PC- Pruno spinosae–Crataegetum, SP- Salici–Populetum, St- Salicetum triandrae, and forests. Significant values considered 
as P ≤ 0.05.



740

DOMOKOS and DOMOKOS / Turk J Zool

Figure 4. Species richness (a), abundance (b), diversity (c), and equitability (d) in different phytocoenoses.
St- Salicetum triandrae, SP- Salici–Populetum, CF- Carpino–Fagetum, CQ- Carpino–Quercetum petraeae, GQmu- Genisto tinctoriae–
Quercetum petraeae subass. melicetosum uniflorae, PC- Pruno spinosae–Crataegetum, and orchards. Different letters signify P < 0.05.

Figure 3. The abundance of different ecological categories in the studied plant associations.
O- Orchards, PC- Pruno spinosae–Crataegetum, SP- Salici–Populetum, St- Salicetum triandrae, and forests.
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the river and are bordered by farmlands, meadows, and/
or localities. The stream also has an influence on the bird 
community composition by offering different food and 
shelter resources compared with terrestrial ecosystems. 
Orchards are situated very close to the deciduous forests 
and/or localities. Studies have shown that richness and 
abundance of birds in orchards not only depend on 
the structural features of the orchards but can also be 
influenced by the surrounding landscape structure (Krebs 
et al., 1999; Benton et al., 2003; Myczko et al., 2013). 
Blackthorn and hawthorn shrubs have developed within 
the grasslands or in the continuation of forests. In all these 
cases, the associations present a strong ecotone effect 
characterized by an infusion of bird species from different 
habitats. This explains the higher richness and abundance 
of birds found in these transects.

The value of beta diversity is the highest in the Carpino–
Quercetum petraeae association. The lowest spatial 
heterogeneity from the deciduous forests was calculated 
for the beech–hornbeam forests. Comparing the values 
of all associations, the lowest spatial heterogeneity was 

in the Salicetum triandrae association. Equitability and 
beta diversity have lower values where perturbing factors 
(anthropogenic or natural) have a stronger influence on 
communities (Magurran, 2004; Angelici et al., 2012). 
The ecological study of the vegetation also shows that 
thickets of willow are pioneer associations and, together 
with the riverine coppices, denote a strong anthropogenic 
influence. The Carpino–Quercetum petraeae association 
occupies the largest surface of all of the woody associations, 
and it has the highest beta diversity value. This is due to 
the structural heterogeneity of the forests: trees belong to 
different species and different ages while the shrub and 
herbaceous layers are more or less developed (Domokos, 
2013; Domokos and Cristea, 2013, 2014).

Altogether, it can be concluded that habitat 
fragmentations including orchard patches are highly 
valuable for bird communities. Their long-term ecological 
values can be very important from a conservation point 
of view. However, further and more adequate monitoring 
would be needed to elaborate the entire value of these 
fragmented ecosystems.
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