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Abstract. The intensification of agriculture in Europe led to the homogenization of the landscape, which had a negative impact on a 
whole range of animal species. Animals are often able to survive in agricultural landscapes due to isolated close-to-nature habitats 
(e.g., avenues, forest strips, or copses). Therefore, connecting these spatially isolated woody habitats is important to maintain high 
species diversity in agricultural landscapes. The strips of forest habitats (biocorridors) are important for vertebrates, including birds, 
and allow the flow of biotic information in the landscape. In our study, we focused on the occurrence of birds in fourteen woody 
biocorridors in the South Moravia Region in the Czech Republic. We monitored bird movement frequencies using camera traps 
from October 2020 to June 2022. The monitored biocorridors were distributed across the landscape to well represent the region of 
South Moravia (including intensively used agricultural lowlands, highlands areas, or extensive agricultural landscapes at the foot of 
the mountains). According to the results, species richness and frequency were positively associated with narrow and long woody 
biocorridors. On the other hand, wide, forest-like biocorridors were negatively associated with species richness and frequency. We 
explain this surprising result by two main ecological processes: the effect of species pool on local (alpha) diversity and the effect of 
cross-habitat spillover of organisms. We also revealed that forest bird species prefer wide biocorridors with mature stands and high 
shade-casting ability. Based on our results, we can conclude that woody biocorridors in intensively used cultural landscapes are able 
to support the diversity of forest and non-forest bird species. 
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Introduction 
 
The configuration and composition of a landscape are some 
of the most important determinants of the landscape 
structure and connectivity functionality (Karimi et al. 2021). 
In the Czech Republic, the landscape's composition and 
protection are defined using the Territorial system of 
ecological stability (TSES), which is part of Act No. 114/1992 
Coll. on nature and landscape protection. The landscape 
component of the system is made up of local, regional, and 
supra-regional landscape components. The European 
Ecological Network, connected to the supra-regional part of 
the TSES in the Czech Republic, represents higher units of 
landscape network protection on a European scale. The parts 
of the system include biocentres (i.e., their condition and size 
enable the permanent existence of natural or close-to-nature 
ecosystems), biocorridors (i.e., woody line elements), and 
interaction elements. The system's main goal is to preserve 
and conserve the existence of wild species in the natural 
and/or near-natural landscape components. These 
landscape components provide living space for wild animals 
with the possibility of reproduction and migration (Löw 
1995, Mackovčin 2000). The strips of woody corridors, also 
known as biocorridors, represent potentially important 
habitats for many species of vertebrates, including birds, and 
enable the flow of biotic information in the landscape. The 
connectivity of forest fragments by woody biocorridors is 
also crucial for forest plant species' survival (Wehling & 
Diekmann 2009). On the other hand, woody biocorridors as 
linear elements do not have to be continuous along their 
entire length but can be interrupted or possibly even divided 
by anthropogenic or natural influence, such as a road or a 
watercourse (Löw 1995). Moreover, due to their limited 
influence on the light-demanding open habitat specialists, 
they are reported to insufficiently support this part of the 

biodiversity (Hess & Fischer 2001, Pedley & Dolman 2020). 
Woody corridors usually do not create conditions for the 
species’ long-term survival but enable species migration 
between the biocenters, which they connect in an intensively 
farmed and fragmented landscape. The functionality of these 
elements is given by spatial parameters such as the structure 
and shape itself, the width of the corridor, variability in the 
interior-to-edge ratio, and vegetation composition (Löw 
1995). 

Birds living in agricultural landscapes are a suitable bio-
indicator group that can indicate the degree of degradation 
or the degree of similarity of the woody biocorridor, for 
example, with a forest habitat (Padoa-Schioppa et al. 2006). 
Species in agricultural landscapes survive in a mosaic of 
different habitats, which are connected by the movement of 
the individuals (Haslem & Benett 2008, Fahrig et al. 2011). 
Linear landscape features such as hedgerows and tree lines 
or woodland corridors are important factors in maintaining 
the complexity and connectivity of agricultural landscapes 
(Beier & Noss 1998, Pascual-Hortal & Saura 2006, Tiang et al. 
2021). These features provide birds with additional 
opportunities for nesting and roosting, or possibly a place to 
hide, and often allow forest and forest edge species to 
expand their presence into the agricultural land (Wilson et 
al. 2017). 

In this study, we monitored the occurrence of bird 
species in fourteen woody biocorridors of South Moravia 
from October 2020 to June 2022 by capturing frequencies of 
bird movement by camera traps. The study aimed to find 
out a) which bird species and how intensively they use 
woody biocorridors, b) which structural characteristics of 
biocorridors have the greatest influence on the bird 
community structure and richness, and c) which biocorridor 
parameters are important for the occurrence of a group of 
forest bird species. Evaluation of these objectives will allow 
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us to specify which parameters of the biocorridors are 
important for their use by bird species. 
 
 
Material and methods 
 
A total of 14 woodland corridors located in the South Moravian 
region were selected for the research (Figure 1). There was a total of 
14 research sites. The corridors pass through different types of 
landscape, from the height-undifferentiated extensive lowland 
agricultural land in the southern part of the region, further around 
the city of Brno, where the landscape is mainly influenced by the 
urbanized environment, to the eastern part, the foothills of the White 
Carpathians with many forest areas (Czech Statistical Office 2021). 
The selection was therefore carried out so that it was possible to 
capture the greatest possible diversity between individual areas for 
subsequent comparison. 

To evaluate the influence of the woody biocorridor structure on  
 

the bird communities, we selected the following corridor parameters: 
height (m), width (m), length (m), circumference (m), and area (m2). 
In total, 1 to 4 research areas were selected in each biocorridor. The 
number of areas depended on the total length of the biocorridor. The 
research area was a 50 m-long transect passing through the center of 
the corridor. The height of the biocorridors was calculated according 
to the average height of trees along each research area. 
Measurements were made using a folding heigh-measuring rod and 
a hypsometer (Clinomaster, Nikon Forestry Pro). The width, length, 
circumference, and area of the biocorridor were calculated using a 
geographic information system (GIS). We measured these values by 
drawing polygons (see Figure 1) that exactly copied the boundaries 
of the biocorridor (Esri 2021). The width of the corridor was based on 
the average width of measurements at four places in the biocorridor 
area. We used the index by Van Calster et al. (2008) for the shade-
casting ability of tree species. This was calculated for each 
biocorridor using a weighted average of the shade-casting ability 
index of individual tree species. 

 

 
 
 
To monitor birds in woodland corridors, we used a non-traditional 
method using camera traps (model: Bunaty FULL HD with a 
scanning angle of 55°) to record bird movement frequencies. 
Depending on the corridor length, 1 to 4 camera traps were installed 
in each biocorridor. A total of 40 camera traps were installed to the 
chest height of the selected trees within all corridors. We also 
conducted a transect survey where we counted all heard and seen 
species in each biocorridor to exclude systematic bias in the absence 
of a substantial part of bird biodiversity. The publication of Šťastný 
et al. (2021) was used for the taxonomy of species and their habitat 
preferences. We set the camera parameters as follows: 16 Mpx, the 
passive infrared sensor (PIR) delay was set to 1 minute, and the 
movement sensitivity sensor was set high. Monitoring of birds by 
camera traps was realized from October 2020 to June 2022, and 
during this time, the camera traps continuously recorded the 
movement of the bird species. Based on photographs, we quantified 
the number and occurrence frequency of the species. In addition, 
every three months, the camera traps were checked, and photos were 
downloaded, which were then sorted, and the photographed species 
determined. We used camera traps containing a passive infrared 
sensor, which reacts to ambient temperature changes. It means that 
the size of the species is not crucial for triggering the camera trap, 
but the temperature difference is important. We are aware that 

smaller species of birds could be more difficult to determine in the 
photo than larger bird species. Therefore, we thoroughly examined 
the entire photograph to minimize sampling bias. 
 
Data analysis 

Changes in species composition. To visualize changes in species 
composition based on woody biocorridor parameters, detrended 
canonical correspondence analysis (DCCA) was applied. Birds were 
sampled sequentially from January to December. This sampling 
design did not allow us to consider each sample as independent 
from others and randomly permute values within columns of the 
data matrix because temporal autocorrelation can produce too liberal 
test (i.e., it would be more likely to find a statistically significant 
result). In other words, unrestricted permutation will lead to the 
mixing of changes in the variability of the studied variable due to the 
measured environmental factors with additional temporal 
variability. We thus maintained the time autocorrelation of 
individual records by using a permutation test with cyclic shifts. 
Cyclic shift permutations are conducted using randomly selected 
different starting points for the time series of each species to generate 
randomized null communities. The most parsimonious combination 
of biocorridor characteristics explaining most of the variability in the 
species data was selected using a forward selection procedure. 

Figure 1. Map with marked woody biocorridors 
in the South Moravian Region with an example 
of the distribution of camera traps in the 
Hrušky biocorridor. The data from the digital 
vector database of the Czech Republic (Arcdata 
2016) were used to create the map output. The 
map was created in the geographic information 
system (Esri 2021). 
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Changes in species richness and frequency. Samples of individuals 
collected repeatedly by camera trapping throughout the year were 
pooled together to use generalized linear models (GLMs) for the 
analysis. In more detail, all data from camera traps in each 
biocorridor were grouped by averaging the occurrence frequency 
and number of species throughout all years. GLM with Poisson error 
distribution, log link function, and control for over-dispersion was 
used to analyze the correlation between parameters of woody 
biocorridors and species frequency and richness. To test whether 
dependent variables were significantly associated with explanatory 
we applied analysis of deviance using F-statistic. 
 
 
Results 
 

A total of 32 species of birds from 8 orders and 18 families 
were recorded in the monitored corridors using the camera 
trap method. The frequency of occurrence detected by 
camera traps was a total of 3098 recorded individuals of 
birds. Passeriformes were the most numerous order, with 21 
species (58.17%). They were followed by Piciformes with 3 
species (3.74%), Accipitriformes with 2 species (2.39%) and 

Galliformes with 2 species (25.27%), Columbiformes with 1 
species (3.36%), Charadriiformes with 1 species (0.03%) and 
Cuculiformes with 1 species (0.03%). Furthermore, the order 
of Strigiformes with unknown species represented 1.52% of 
the total frequency of occurrence. In the analyses, we also 
included unspecified species of the following genera: Turdus 
sp. (5.16%), Columba sp. (0.19%), and Dendrocopos sp. (0.13%), 
which accounted for 5.49% of the total frequency of 
occurrence. The percentage display of orders is based on the 
frequency of bird individuals. The number of images 
represents the intensity of occurrence and preferences within 
individual biocorridors (Table 1). The number of bird species 
fluctuated between 4 to 22 species. The frequency of 
recordings was also highly variable and fluctuated between 
9 to 737. The corridors with the highest species frequency 
and species number were Radějov and Únanov. The smallest 
species occurrences were observed in the Kuželov, 
Medlovice, Malá Vrbka, and Stříbrnice corridors. The fewest 
records of bird movement frequencies of were in the Malá 
Vrbka corridor. 

 
 

Table 1. Specification of individual woody biocorridors by using: length (meters), average 
width with standard deviation (meters), altitude (masl), species number (spp), and 
frequencies (n) of bird individuals’(number of camera captures) movements in habitat. 

 

Corridor Length  
(m) 

Average width  
with std. (m) 

Altitude  
(m.a.s.l.) 

Species  
(spp.) 

Frequencies  
of individuals 

Hrušky 1027 28.5 (4.554) 190 11 218 
Křižanovice u Vyškova 1918.4 18.2 (2.596) 265 17 179 
Kuželov 1346.7 46.7 (6.005) 407 5 32 
Litobratřice south 1440.3 25.6 (0.844) 219 7 155 
Litobratřice north 1163 26.7 (2.225) 227 12 87 
Malá Vrbka 1064.1 46 (8.703) 331 6 9 
Medlovice 313 13.4 (1.431) 350 4 54 
Podolí 1014.7 13.4 (1.878) 281 14 163 
Radějov 1291.7 17.7 (1.961) 245 22 661 
Stříbrnice 142.7 18.9 (2.887) 310 4 36 
Tvarožná Lhota 1133.6 49.6 (2.336) 337 11 43 
Únanov 878.8 16.7 (1.987) 299 19 737 
Vlkoš 1894.5 16.3 (2.045) 201 12 696 
Želeč 1437.5 47.6 (7.443) 265 7 28 

 
 

The forward selection analyses show that the area of the 
biocorridor and the height of the trees had the greatest 
influence on the composition of the bird community within 
woody biocorridors (Table 2). The DCCA model revealed a 
significant association between the distribution of bird 
species and biocorridor parameters (test on all CCA axis; 
Pseudo-F = 1.7, P = 0.0169) (Figure 2). Ordination biplot 
visualizes that woody biocorridors with a higher height, 
area, and greater shade-casting ability were more likely to 
host forest species of birds (e.g., Dendrocopos major, Picus 
viridis, Dryocopus martius, Turdus viscivorus). On the other 
hand, longer corridors were more suitable for some of the 
woodland (Buteo buteo, Accipiter gentilis) and open landscape 
birds (Lanius collurio, Pica pica, Phasianus colchicus) (Figure 2). 
From the ordination biplot, we can observe a significant 
gradient in the composition of communities among 
biocorridors (Figure 2). Based on the permutation tests, we 
also revealed that the spatial characteristics of the 
biocorridors significantly explained this compositional 

heterogeneity. 
The regression analyses showed that the number of bird 

species (glmANOVA, F1,12= 9.021, p= 0.011) (Figure 3) and 
their occurrence frequency (glmANOVA, F1,12= 8.835,  
p= 0.012) (Figure 4) was significantly negatively correlated 
with the width of the biocorridor. The number of species 
was positively correlated with the biocorridor length 
(glmANOVA, F1,12= 4.682, p= 0.051) (Figure 5). 
 
 
Table 2. Summary table of the forward selection process of the 

detrended canonical correspondence analysis (DCCA), where 
each explanatory variable was tested for its partial effect (i.e., 
significance depends on the already selected variables). 

 

 
Explained 
variance (%) 

pseudo-F p-value 
Adjusted 
p-value 

Biocorridor area 2.4 2 0.0289 0.0434 
Tree height 2.5 2.1 0.0244 0.0434 
Biocorridor length 1 0.9 0.5667 0.5667 
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Figure 2. Detrended canonical correspondence analysis (DCCA), 
showing the association between the woody biocorridors 
parameters and bird frequency distributions. Variable shade 
casting ability was passively projected to the ordination space. 
Species abbreviations: ScolRust: Scolopax rusticola, EritRubc: 
Erithacus rubecula, ColmPalm: Columba palumbus, PhasColc: 
Phasianus colchicus, AccpGent: Accipiter gentilis, TurdPhil: Turdus 
philomelos, ButeBute: Buteo buteo, SturVulg: Sturnus vulgaris, 
PicaPica: Pica pica, CoccCocc: Coccothraustes coccothraustes, 
LaniColl: Lanius collurio, OrioOrio: Oriolus oriolus, SylvComm: 
Sylvia communis, Strigiformes: Strigiformes, GarrGlan: Garrulus 
glandarius, DendMajr: Dendrocopos major, TurdSpp: Turdus sp., 
PicsVird: Picus viridis, ParsMajr: Parus major, DryoMart: 
Dryoscopus martius, TurdVisc: Turdus viscivorus, PhoeOchr: 
Phoenicurus ochruros, TurdPilr: Turdus pilaris. 

 
 

 
 

Figure 3. Scatter plot showing the relationship between the number 
of bird species and the woody biocorridor width. The graph 
shows the regression line equation and the proportion of 
explained variability. 

 
 

 
 

Figure 4. Scatter plot showing the relationship between the 
frequency occurrence and the woody biocorridor width. The 
graph shows the regression line equation and the proportion of 
explained variability. 

 
 

Figure 5. Scatter plot showing the relationship between the number 
of bird species and the length of woody biocorridor. The graph 
shows the regression line equation and the proportion of 
explained variability.  

 
 
Discussion 
 
We revealed that the parameters of woody biocorridors (e.g., 
width, length, height, area, or canopy openness) are 
important for using these landscape features by birds. 
Different from our expectations, more forest-like 
biocorridors (i.e., wide biocorridors with high interior-to-
edge ratio) that were connected to large forest units (Podolí, 
Malá Vrbka, Kuželov, Stříbrnice, Medlovice, etc.) or were 
located near them hosted a smaller number of bird species 
than narrower ones (i.e., lower interior-to-edge ratio) which 
were dominantly situated in agricultural landscapes. We 
explain this surprising result by two main ecological 
processes. One important process is the effect of species pool 
on local (alpha) diversity (in our case: narrow and long 
corridors which were located mainly in the agricultural 
landscape can be used as suitable habitats for both forest and 
non-forest generalists) (sensu Tscharntke et al. 2012). The 
second most important process is the effect of cross-habitat 
spillover of organisms. Spillover is a change in habitat type 
by an organism through dispersal or foraging. This process 
is important in agriculturally fragmented landscapes where 
temporal pulses of food availability in crop fields can make 
fields a source area for organisms that spillover into the 
surrounding landscape (sensu Tscharntke et al. 2012). 
Moreover, species living in highly complex landscapes can 
be facilitated by spatially separated resources important for 
survival. Woody biocorridors can be perceived as 
complementary habitats in terms of resources to the already 
existing mainly open habitats in agricultural landscapes. 

It was revealed that bird species also choose the 
suboptimal environment closest to their natural habitat 
(Šálek et al. 2022, Fuller et al. 2001, Hinsley & Bellamy 2000). 
For example, in the study of Hinsley et al. (1995) was found 
that some woodland breeding birds like great tit (Parus 
major) or European robin (Erithacus rubecula) were 
significantly positively influenced in the fragmented 
landscape by the length and number of hedgerows that are 
connected to the forest. High species diversity in long and 
narrow woody biocorridors could be associated with the 
large edge effect due to the projection of its strong influence 
on the community structure (Berry 2001, Terraube et al. 
2016). Several studies report that habitats with a large 
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portion of ecotone of the total area contain a diverse 
microhabitat structure and allow species with different 
habitat specializations to occur (Rodrigues 1994, Gonçalves 
et al. 2017). 

According to the study of Sparks et al. (1996), forest 
birds preferred woody corridors with tall trees, and open 
landscape species preferred grassy or scrub-like corridors. 
We revealed that in the more forest-like biocorridors with 
shady closed-canopy (i.e., wide biocorridors with high 
interior-to-edge ratio) occurred higher richness and 
frequency of forest bird species than in the narrower ones. 
These corridors also supported the occurrence of the hole-
nesting species (Dendrocopos major, Dryocopus martius, Picus 
viridis, or Strigiformes sp.). Osborne (1984) mentions that the 
nesting of these birds in the woody corridors depends on the 
presence of mature trees that are suitable for nesting. The 
study of Slatki and Kralj (2020) shows similar results that 
hole-nesting birds show relations with stand maturity. In 
our study, the long and narrow corridors were located more 
in the conditions of the lowland agricultural landscape of 
South Moravia with a small number of forested areas and 
host species of open landscape (Lanius collurio, Phasianus 
colchicus, Pica pica) and woodland species (Accipiter gentilis, 
Columba palumbus, Buteo buteo, Scolopax rusticola). Therefore, 
we assume that landscape features like woody biocorridors 
could also serve as a secondary habitat or refugium for forest 
bird species. This statement is consistent with the study by 
Fuller et al. (2001), which mentioned that woody corridors 
could become an alternative environment to forests in an 
agricultural landscape without large forest units. 

In general, narrow woody biocorridors are suboptimal 
habitats for several bird species, for example, due to a high 
predation risk, high weather fluctuations, or low food 
supply (Hinsley & Bellamy 2000), compared to 
dimensionally wider biocorridors, where nesting success is 
higher (King et al. 2009). The study of Sieving et al. (2000) 
mentions that dense understory vegetation was the main 
predictor of bird movements into the narrow woody 
corridors. Hinsley & Bellamy (2000) recommend increasing 
vegetation density in narrow woody corridors. In 
conclusion, considering the prevailing structure of the 
landscape where the woody biocorridors were located (i.e., 
predominantly intensive agricultural landscape), the 
positive association of the diversity and frequency of bird 
occurrence with long and narrow biocorridors may be due to 
the insufficient supply of alternative forest areas in this type 
of landscape. On the other hand, this points to the significant 
role of woody biocorridors as a refuge for birds, at least in 
agricultural landscapes. 

Our results conclude that parameters of woody 
biocorridors (e.g., width, area, or length) are important for 
bird species diversity within an agricultural landscape. 
Moreover, the high diversity gradient along biocorridors 
suggests their potential to maintain the heterogeneity of 
community composition on the landscape scale. Therefore, 
to avoid the species homogenization of communities, it is 
essential to build landscape features with different spatial 
configurations. We also conclude that such landscape 
features can serve as a refuge to forest bird species that 
prefer large more forest-like biocorridors with tall trees and 
shady closed-canopy. An interesting finding is that the 

frequency and richness of bird species in agricultural 
landscape decrease with the increasing width of the woody 
biocorridor. We explain this finding by the fact that narrow 
biocorridors are used as secondary habitats for non-forest 
and forest generalists, leading to an increase in species 
(Hinsley & Bellamy 2000). On the contrary, wider, more 
forest-like biocorridors had simple vertical heterogeneity, an 
important forest structure influencing biodiversity (Moudrý 
et al. 2021). 
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