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Abstract

:

Low-intensive agricultural areas of Romania sustain high species diversity. Together with natural habitats, these areas are very important for European biodiversity. The ecosystem´s health is reflected in the predator status because of their position at the top of the trophic networks. The Common Buzzard (Buteo buteo) is the most common bird of prey species in Europe. During the first survey census conducted in Eastern Romania (2011–2012 breeding seasons), 8.55–10.35 breeding pairs/100 square km have been counted. The Common Buzzard density varies between breeding seasons and with differences in habitat structure. Their density is positively influenced by the density of forest edge and Simpson diversity index of habitats but is negatively influenced by the total habitat fragmentation and mean daily temperature. According to this analysis, the selection of breeding territories by common buzzards is positively influenced by a heterogeneous landscape in an area with low-intensive agriculture and with large areas of open habitats made up of natural or semi-natural vegetation.
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1. Introduction


Understanding the mechanisms involved in the distribution and abundance of an organism is the fundamental goal of ecology [1,2]. These mechanisms can be used for successful conservation and restoration strategies in the face of an anthropogenic biodiversity crisis that threatens many of the world’s species [3]. The abundance and presence of a particular bird species may reflect the ecological value of an area [4]. Top predators are a group of species that reflect an area’s biodiversity richness, acting as indicators [5]. They may directly cause high biodiversity, and they may be spatio-temporally associated with it [6].



Today, European biodiversity depends on a large proportion of habitat provided by low-intensity farming practices, a resource that is declining as European agriculture becomes more intensive [7]. After the Iron Curtain fell, Eastern Europe began to develop, leading to intensive agriculture and the aggressive management of habitats. However, development was slow and patchy, so a low-intensive agriculture system still exists, with a landscape comprising a mix of natural and semi-natural vegetation across large areas. This slow landscape development and presence of low intensive agriculture is conducive to high biodiversity in Eastern Europe [8].



The biodiversity richness declined with increasing land-use intensity [9]. Low-intensity farming ensures high conservation values, through a heterogeneous mosaic of crops and providing many different, well-connected structures, such as field edges and roadside vegetation [10]. The small amount of fertilizers used in this type of agriculture supports higher biodiversity richness [9,10,11]. This evidence suggests that species richness can be increased by changing the agricultural practice to low-intensity land use [12].



Birds of prey represent a group of animals highly studied in Western Europe due to their importance for biodiversity and their impressive features. However, they are poorly studied in Eastern Europe where there are fewer ornithologists and species’ distribution studies still require more detailed surveys and research. For this region of Europe, there are many question marks regarding raptor ecology.



The Common Buzzard (Buteo buteo) is a medium size top predator which inhabits Europe and parts of Asia and Africa [13]. As one of the most common bird of prey species in Europe [14], the Common Buzzard could be used as a model of distribution and interaction with biotic and abiotic factors for those top predators which use agricultural areas for hunting. The species’ breeding area characteristics, nesting in trees and foraging opportunistically in an open or semi-open landscape, are linked with all habitat categories [13]. These characteristics turn the Common Buzzard into a bioindicator species for ecosystem health and landscape diversity.



The population density and distribution of a species could be affected by various landscape, geomorphological, and climatic factors [15,16,17,18]. Bird species select habitat patches which suit their primary requirements, such as breeding and foraging [2], making the landscape structure an important factor for bird of prey density and breeding success [19]. Geomorphological features could influence where the nest is located [20], alongside natural variation in the choice of nest site the species makes, especially in areas with heterogeneous landscape features [21]. Climatic factors influence not only the breeding but also the wintering populations due to the species’ physiological limits [22] and could affect the breeding success through extreme weather conditions [23].



Low-intensive agriculture could influence the breeding ecology of raptors. This raises the question of whether landscape features are more important than climatic or geomorphological ones. How does the common buzzard interact within different habitat structures that have a large proportion of natural or semi-natural habitat vegetation patches? To clarify these ecological aspects, our study aims to: (1) Calculate the density of the Common Buzzard population in Eastern Romania, (2) analyze the common buzzard’s distribution in relation to landscape structure, geomorphological and climatic variables. This will be conducted in an area where this species is studied for the first time on such a large scale in Eastern Europe.




2. Materials and Methods


2.1. Study Area


The study area covers the eastern part of the Moldova Region (46°55′ N, 27°11′ E), between the Siret and Prut rivers (land area 22,465.3 km2) in Romania. In general, this is a hilly region (mean elevation 288.6 m) with a mosaic of natural, semi-natural, and artificial habitats [24]. The dominant habitat in the study area is the arable land (51%), which is managed using low-intensive agricultural practices. The most common agricultural crops are: Maize, wheat, potatoes, sunflower, and barley [25]. Habitat coverage in the study area for pasture and herbaceous vegetation is 14.52% and for natural and artificial forest, it is 3.84%. The pasture and herbaceous areas cover mostly the river valleys and are used for grazing and mowing by the local communities. The natural and artificial forests are concentrated in the central and north-western parts of the study area (Figure 1). Most of the artificial forests are small plantations of black locust (Robinia pseudoacacia) and coniferous trees (especially Black Pine (Pinus nigra) and Scots Pine (Pinus sylvestris)). The other habitat types are poorly represented: Agriculture mixed with significant natural vegetation (7.46%), build-up areas (6.89%), vineyards (3.23%), wetlands and waterbodies (2.03%), and orchards (1.03%).




2.2. Study Design and Buzzard Data Collection


The entire study area was covered by a 5 × 5 km grid using Hawths Tools, v.3.x extension for Arc GIS v.9.3. Using the Create Random Selection Tool from the same extension, 80 observation squares summing 2000 square km (8.9% from the study area) were selected. The condition used during this random selection process was to have similar habitat proportions in the surveyed squares as in the study area. Using satellite images and relief maps, we selected between four and eight observation points for each surveyed square, according to the habitat composition and terrain structure. The observation points were manually selected to be at good vantage points so that as much of the area as possible could be seen so as to have a full observation coverage for each square.



The field observations were conducted during two breeding seasons (2011–2012). In each season, we conducted one field observation at each observation point. Considering that Common Buzzard is an early breeder in Eastern Romania [22], the field period ranged from 15 April to 15 June. The field observations were conducted between 09.00 A.M. and 18.00 P.M. Each observation period lasted 2 h, in which the observers searched actively for birds of prey. Each square was covered by three to five experienced ornithologists at different points. To avoid double counting, the observers communicated the position for each bird of prey using mobile phones and walkie-talkie devices. If a bird was observed from two points, it was recorded only by the observer who was able to identify the possible nest location.



During the observations, all birds of prey species were recorded. For each individual, we recorded the age class, sex (if it was possible), the observation time, and the behavior. The last one being used to evaluate their breeding status and calculate the number of breeding pairs (for detailed information, see [17,22]). The observer tried to identify the possible nest location (the area where the bird enters the forest repeatedly) and locate it on a map. All the observations were integrated into an ArcGIS database, using the marked location for each bird of prey. Over both breeding seasons, 13 breeding species and four non-breeding species of bird of prey were recorded (Appendix A).



The present survey method was designed to collect data on the Common Buzzard and the Long-legged Buzzard as the main species and to also record other birds of prey that breed or forage in the surveyed areas. Because our observations started early, in mid-April, we excluded results for other bird of prey species except for Sparrowhawk (Accipiter nisus) and Northern Goshawk (Accipiter gentilis). Their breeding period is covered by the study period, although there are different and more effective methods for recording these two species. Our method can include the Long-legged Buzzard as it has been designed to also include observation points in areas without forest patches inhabited by this species. This is a species that is expanding its breeding and wintering range [22,26,27]. Due to its low abundance in our study area (eight pairs in the first season and five in the second), we were unable to analyze the distribution or territory selection for this species in the present study. Due to these drawbacks, only the data on Common Buzzard for studying the species breeding distribution and territory selection were analyzed.




2.3. Environmental and Climatic Predictor Variables


To analyze the influence of landscape and climatic variables on the breeding population of Common Buzzard in Eastern Romania, we recorded data for 22 variables (Table 1) from two main perspectives, the quantitative and the matrix composition [2]. The quantitative perspective contains relief, climatic data, and habitat proportion for each surveyed square, which are separated into eight variables (habitat category). The matrix composition perspective covers not only the habitat type, but also the relation between two or more habitats, including edge influence, which includes total ecotone length, total forest edge, ecotone length/number of habitat patch, and forest edge/number of forest patch, habitat patch structure, which includes the number of habitat patches and the number of forest patches, relief structure which includes mean altitude, altitude standard deviation and altitude variability and habitat diversity indexes, such as the Shannon Index, the Shannon Equitability and the Simpson Index).



For habitat data, we used Corine land-cover maps (1:100,000). The habitats were separated into eight categories (Table 1) and were integrated into the analyses as habitat cover (in %) for each surveyed square. The edge influence variables were extracted from Corine land-cover maps using two approaches. Habitat edge or ecotone area represent the place where two habitats (or more) came in contact. These areas are important for small animals because they can find a place of refuge but also for birds of prey that hunt near them. The first one involves all habitats from each surveyed square (total ecotone length in a 5 × 5 km square), and the second one involved only the natural and artificial forest edge (in a 5 × 5 km square). The natural and artificial forest edges were considered due to their importance in nest selection by Common Buzzards [26]. Additionally, we calculated the edge density as the edge length divided by the number of forests [28]. The habitat patch structure was recorded as the total number of individual habitat patches. For each surveyed square, we also calculated the Shannon Index, the Shannon Equitability and the Simpson Index using Landcover Analysis (LecoS) plugin for Quantum GIS v. 2.14.11. Essen [28].



The relief structure variables were extracted from SRTM 90 m Digital Elevation Model Dataset [29]. For each 5 × 5 surveyed square, three variables were calculated: The mean altitude, standard deviation (of all cells from the 5 × 5 km square), and variability (the number of unique values for all cells in a 5 × 5 km squares).



The climatic variables were calculated as a mean value for each 5 × 5 km surveyed square. Using WorldClim information [30], two climatic variables were built: Mean daily temperature and annual precipitations (Table 1).



In addition to the landscape, geomorphological and climatic variables, we also added, in the Generalized Linear Mixed Model (GLMM) analysis, the number of all bird of prey species that breed in the study area. For all other birds of prey (except Common Buzzards), we recorded only the number of individuals without calculating the breeding pairs due to their different breeding periods. Most of the birds of prey do not breed as early as Common Buzzard.




2.4. Data Analyses


A GLMM approach was used to determine the influence of landscape, geomorphological, and climatic variables on the Common Buzzard’s breeding abundance in Eastern Romania. For this analysis, we used the total number of breeding pairs of Common Buzzards for each of the 80 surveyed squares during two breeding seasons (n = 160). Because the data of breeding Common Buzzards came from 80 surveyed squares from two breeding seasons, we included surveyed squares and breeding seasons as random effects. Using this response variable (number of Common Buzzard breeding pairs), the model employed a Negative Binomial error structure and log link function. In the first step, we performed full models that included all landscape and climatic variables. We excluded least-significant variables in a stepwise procedure, using Akaike‘s Information Criterion (AIC) to select the best model (Table 2). This model evaluation was done using the all possible subsets method with “MuMIn” package for R statistical software v.3.2. To evaluate the model adequacy, the residuals versus fitted values and explanatory variables were plotted, but no distinct patterns were observed. Moreover, the model multicollinearity effects were tested using VIF (Variance Inflation Factors) function from the “car” package. For our selected model, we get VIF value lower than 2, indicating that our variables are not correlated. The analysis was conducted in R statistical software v.3.2 [31] with “glmmADMB” package.





3. Results


The main target species, the Common Buzzard, was the most common bird of prey across the study area. Their number was not similar during these two breeding seasons. For the first year, we counted 207 pairs, and for the second year, 171 pairs. The relative density was higher in the first season when we recorded 10.35 breeding pairs/100 km2 than in the second season when we counted 8.55 breeding pairs/100 km2. The variability was also recorded across the surveyed squares, from 0–14 breeding pairs/5 × 5 square in the first season and 0–10 breeding pairs/5 × 5 square in the second season.



To better understand the Common Buzzard’s breeding territory selection, we conducted a GLMM analysis. During the first step of the analysis, alongside the landscape and climatic factors, we also included the other breeding bird of prey species that were recorded during the field surveys (Appendix A). From these, only the Northern Goshawk had a significant positive influence on the Common Buzzard, but this species was excluded from the GLMM analysis after we tested for multicollinearity. This bird of prey species was correlated with the same landscape variable as the Common Buzzard.



The best GLMM model includes six out of 22 landscape and climatic variables (Table 2). Except for the forest coverage, which was not present in one model, the other variables were included in the final top five models.



According to the GLMM analysis, the Common Buzzard’s distribution is positively influenced by forest edge density (Z = 3.17, p = 0.002) and Simpson Index (Z = 2.41, p = 0.16), and negatively influenced by the total habitat fragmentation (Z = −2.54, p = 0.011) and mean daily temperature (Z = −3.13, p = 0.016, Table 3, Figure 2). There are no geomorphological variables which influence the Common Buzzard’s breeding abundance. Regarding the climatic variable, the final model includes mean daily temperature that influences the breeding abundance of Common Buzzards. A lower daily mean temperature is associated with a higher Common Buzzard abundance. Forest coverage and altitude variation are included in the final GLMM but without a significant influence on the Common Buzzard’s abundance.




4. Discussion


The Common Buzzard’s relative mean density looks smaller than that of other populations from Eastern Europe (e.g., Central Poland—17.3 breeding pairs/100 km2, [20]), but is similar with nesting density from the Apennines mountain areas [32]. However, a comparison with these studies is almost impossible because the study area which they covered is quite small (e.g., [33,34]). Our study covers large areas, including regions with a high percentage of open habitats, unsuitable for the species to breed. The Common Buzzard’s density varies across the study area, from zero breeding pairs/surveyed square to a maximum of 14 breeding pairs/surveyed squares. The lowest limit was recorded in those surveyed squares without forest patches. These data suggest that, in the study area, the Common Buzzard is dependent on forests for nest location. Large arable fields without forest patches did not ensure suitable sites for breeding Common Buzzards. This was because in the study area, it does not breed in tree lines or small groups of trees [35] as it breeds in the other regions from Western Europe [36].



The positive influence of Northern Goshawks on the Common Buzzard’s abundance, which was revealed in the first stage of the GLMM analyses, is not in accordance with other studies from Europe (e.g., [37,38,39]) and from Romania [35], which show that these two birds of prey species are in competition. However, in the study area, these two species have a slightly different nesting area selection. Northern Goshawks use mostly areas close to human settlements. Aside from this reference, they use a similar habitat structure [35]. These approaches explain the multicollinearity relation, which was identified in our first GLMM analyses, for which it was needed to exclude the variables on the other bird of prey species.



Habitat composition is important for the Common Buzzard’s breeding preferences due to their nesting and foraging territories requirements [40,41]. The landscape structure (habitat cover) did not explain the Common Buzzard’s abundance, although their connectivity measures tend to explain the variation in species’ distribution [2]. These landscape factors which have a significant influence on the Common Buzzard’s breeding territory selection relate to habitat diversity and structure. Forest-dwelling birds of prey are linked to large-scale landscape composition and with better breeding success in areas with high coverage of forest [19,42,43]. Our analyses revealed that patches of forests should have a direct effect on increasing the Common Buzzard’s population, offering nesting places and shorter distances to their foraging grounds. Similar results were found in France, where hedgerows and woodlots are highly important for the abundance of the Common Buzzard [44], due to their use as breeding places. Habitat diversity, through the Simpson Index, is another important landscape variable with a significant positive influence on the Common Buzzard’s abundance. An area with a high Simpson Index offers a large variety of foraging sites, ensuring higher prey diversity for the Common Buzzard [44]. The Goshawk population size is also positively influenced by habitat heterogeneity, even if this species is strongly related with closed habitats [45]. However, the landscape composition should not be highly fragmented because this variable is associated with a low Common Buzzard abundance. Highly fragmented habitats were found to be an important variable for decreasing the abundance of Common Buzzards in France too [44]. An area with high forest density and habitat diversity but with low habitat fragmentation and mean daily temperature will ensure ideal breeding conditions for Common Buzzards in Eastern Romania.



The geomorphological variables did not influence the Common Buzzard’s distribution, probably because the relief is quite uniform in the study area, especially if we calculate the variables for a grid of 5 × 5 square km. This type of variable is more important for those raptor species which breed on cliffs but less important for tree specialist birds [13].



The influence of mean daily temperature on the Common Buzzard’s breeding abundance is the opposite of another study conducted in Finland [46]. However, this analysis could also be influenced by the temperature segregation in the study area, which is conducted by geographic features from the study area. The southern part of the study area shows higher temperatures, but this region is less suitable for Common Buzzards due to very small, or even without forest patches, being covered mainly by open habitat. The middle and the northern part of the study area have larger forest patches ensuring good nesting opportunities.



Due to this opportunistic behavior regarding the food supply, we did not include food density in the analyses. If the variety of prey is large, the Common Buzzard’s density cannot be influenced by these variables [45,47], especially in areas with high biodiversity, as in Eastern Europe.



This study presents the first data on the Common Buzzard’s breeding abundance and its relationship with the landscape and geomorphological and climatic features. The analyses show the positive influence of a heterogeneous landscape on the Common Buzzard’s breeding territory selection from an area with low-intensive agriculture and with large surfaces of open habitats crossed by natural or semi-natural vegetation elements. The presence of natural or semi-natural elements across the agricultural fields is in accordance with the European Regulations [48]. These results can contribute to species conservation at a regional scale, and inform environmentally friendly agricultural practices, for example, using Common Buzzards to control the rodent populations from the arable land.




5. Conclusions


The patches of forests have a direct effect on increasing the Common Buzzard’s population, offering nesting places and shorter distances to their foraging grounds. An area with high forest density and habitat diversity but with low habitat fragmentation and mean daily temperature will ensure ideal breeding conditions for Common Buzzards in Eastern Romania.



The heterogeneous landscape has a positive influence on the Common Buzzard’s breeding territory selection from an area with low-intensive agriculture and with large surfaces of open habitats crossed by natural or semi-natural vegetation elements.
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Table A1. The total number of birds of prey and owl species recorded during 2011 and 2012 breeding seasons in eastern Romania.






Table A1. The total number of birds of prey and owl species recorded during 2011 and 2012 breeding seasons in eastern Romania.





	
No. crt.

	
English Name

	
Scientific Name

	
Individuals/Breeding Season




	
2011

	
2012






	
Breeding bird of prey species




	
1

	
Northern Goshawk

	
Accipiter gentilis

	
27

	
19




	
2

	
Sparrowhawk

	
Accipiter nisus

	
1

	
1




	
3

	
Booted Eagle

	
Aquila pennata

	
2

	
1




	
4

	
Lesser Spotted Eagle

	
Aquila pomarine

	
19

	
8




	
5

	
Common Buzzard

	
Buteo buteo *

	
207

	
171




	
6

	
Long-legged Buzzard

	
Buteo rufinus *

	
8

	
5




	
7

	
Short-toed Eagle

	
Circaetus gallicus

	
0

	
1




	
8

	
Marsh Harrier

	
Circus aeruginosus

	
29

	
31




	
9

	
Hobby

	
Falco subbuteo

	
5

	
6




	
10

	
Kestrel

	
Falco tinnunculus

	
80

	
38




	
11

	
Red-footed Falcon

	
Falco vespertinus

	
12

	
36




	
12

	
Black Kite

	
Milvus migrans

	
1

	
0




	
13

	
Honey Buzzard

	
Pernis apivorus

	
32

	
31




	
Non-breeding bird of prey species




	
14

	
Steppe Eagle

	
Aquila heliaca

	
0

	
2




	
15

	
Hen Harrier

	
Circus cyaneus

	
4

	
0




	
16

	
Montagu’s Harrier

	
Circus pygargus

	
1

	
1




	
17

	
Saker Falcon

	
Falco cherrug

	
0

	
1




	
Owl species




	
18

	
Little Owl

	
Athene noctua

	
1

	
0




	
19

	
Tawny Owl

	
Strix aluco

	
1

	
0








For Common Buzzards (*) and Long-legged Buzzards (*) pair numbers were recorded and for other species we counted the total number of individuals observed.
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Figure 1. Study area location (marked with black on the small map) and the distribution of the surveyed squares in the natural and artificial mosaic habitats of our study area. Arable land, vineyards, fruit trees plantations, and agriculture mixed with significant natural vegetation became agriculture areas due to a low visibility on the map of the small plots for the last three habitat types. 
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Figure 2. The relationship between Common Buzzard breeding pairs on each surveyed square and the influencing factors during the 2011 and 2012 breeding seasons. (a) the relationship between Common Buzzard breeding pairs and Ecotone length/number of habitat patch, (b) the relationship between Common Buzzard breeding pairs and Forest edge/number of forest patch, (c) the relationship between Common Buzzard breeding pairs and Mean daily temperature, (d) the relationship between Common Buzzard breeding pairs and Simpson Index. 
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Table 1. Landscape and climatic data used for a Generalized Linear Mixed Model (GLMM) approach to determine its influence on the Common Buzzard’s breeding abundance in Eastern Romania.
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	Variable Name
	Variable Abbreviation
	Variable Recording





	Build-up areas
	
	% in 5 × 5 square



	Arable land
	Arable
	% in 5 × 5 square



	Vineyards
	Vineyards
	% in 5 × 5 square



	Orchards
	Orchards
	% in 5 × 5 square



	Pasture and herbaceous vegetation
	Pasture
	% in 5 × 5 square



	Agriculture mixed with significant natural vegetation
	Agro-environment
	% in 5 × 5 square



	Natural and artificial forest
	Forest
	% in 5 × 5 square



	Wetlands and water bodies
	Wetlands
	% in 5 × 5 square



	Total ecotone length
	edge_t
	sum in 5 × 5 square



	Ecotone length/number of habitat patch
	edge_d
	-



	Total forest edge
	f_edge_t
	sum in 5 × 5 square



	Forest edge/number of forest patch
	f_edge_d
	-



	Number of habitat patches
	edge_c
	sum in 5 × 5 square



	Number of forest patches
	f_edge_c
	sum in 5 × 5 square



	Shannon Index
	DIV_SH
	each surveyed square



	Shannon Equitability
	DIV_EV
	each surveyed square



	Simpson Index
	DIV_SI
	each surveyed square



	Mean altitude
	alt_mean
	mean in 5 × 5 square



	Altitude standard deviation
	alt_std
	in 5 × 5 square



	Altitude variability
	alt_var
	in 5 × 5 square



	
	
	



	
	
	



	
	
	



	Mean daily temperature
	t_an
	annual daily mean



	Annual Precipitation
	prec_an
	annual total
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Table 2. Results of the model selection for the observed breeding pairs of Common Buzzards during the breeding season (2011–2012), in eastern Romania. Models were fitted as GLMMs, with surveyed squares and breeding seasons as random factors (intercepts). Five models constituting a 95% confidence set are presented, with Akaike Information Criterion (AIC), model log-likelihood, and relative model weight provided for each model.
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	Model
	AIC
	Log-Likelihood
	Model Weight





	alt_var + DIV_SI* + edge_d* + f_edge_d* + forest + t_an*
	537.8
	−255.854
	0.32



	alt_var + DIV_SH + DIV_SI* + edge_d* + f_edge_d* + forest + t_an*
	538.3
	−254.920
	0.25



	alt_var + DIV_SI* + edge_d* + f_edge_d* + t_an*
	539.3
	−257.744
	0.16



	alt_var + DIV_SI* + edge_d* + f_edge_d* + forest + prec_an + t_an*
	539.4
	−255.430
	0.15



	alt_var + DIV_SH + DIV_SI* + edge_d* + f_edge_d* + forest + prec_an + t_an*
	539.8
	−254.469
	0.12







We ranked models using Akaike’s Information Criterion (AIC), using “MuMIn” package for R Statistical Software. (alt_var—Altitude variability, DIV_SI—Simpson Index, DIV_SH—Shannon Index, edge_d—Ecotone length/number of habitat patch, f_edge_d—Forest edge/number of forest patch, prec_an—Annual Precipitation, t_an—Mean daily temperature), * significant variables.
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Table 3. General linear mixed model (GLMM, R v.3.1.2) of factors influencing the observed number of common buzzard pairs during the breeding season.
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	Variable
	Estimate
	SE
	Z Value
	p





	Intercept
	3.367
	1.764
	2.09
	0.036



	Forest
	0.010
	0.005
	1.96
	0.051



	edge_d
	−0.0004
	0.0001
	−2.54
	0.011



	f_edge_d
	0.0003
	0.0001
	3.17
	0.002



	alt_var
	0.002
	0.001
	1.62
	0.105



	t_an
	−0.048
	0.015
	−3.13
	0.002



	DIV_SI
	1.740
	0.721
	2.41
	0.016







Model factors consist of weather-related and landscape variables according to AIC selection. The breeding seasons and observation squares were included in the model as random factors. Significant p-values (p < 0.05) are in bold. Total sample size was 2.744 individuals in 2011/2012 breeding seasons. (SE—Standard Error, alt_var—Altitude variability, DIV_SI—Simpson Index, edge_d—Ecotone length/number of habitat patch, f_edge_d—Forest edge/number of forest patch, t_an—Mean daily temperature).
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