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A B S T R A C T

Urbanization is a permanent and still continuing expansion of human settlements and is responsible for dramatic
changes of natural areas to urban areas. In traditional view, urbanization is often blamed for the loss of bio-
diversity and biotic homogenization of natural communities. However, for some species, urban areas, can re-
present suitable environment for life and even enable them to maintain stable and abundant populations. Urban
ecosystems are not homogenous; within human settlements we can find several different habitats which can be
occupied by species with different tolerance to certain aspects of urban life. This diversity can be exhibited by
interhabitat changes in species richness, diversity and abundances of local communities. Here, we investigated
biodiversity patterns in bird communities of two urban habitats, parks and cemeteries, in three Central European
countries. Data on species richness, diversity and abundances of birds were collected from published papers as
well as unpublished sources. Our analyses revealed that bird species richness was positively correlated with area
and age of trees in both habitat types. There was however no significant relationship between species diversity
and area in both habitat types. Moreover, species composition of bird communities significantly varied between
cemeteries and parks with strong preference for one of habitat types in several species. Predominant occupancy
of habitat type by certain species could be linked to interhabitat differences in vegetation structure, human
behaviour and management. Interestingly, several bird species often recognised as urban avoiders were detected
in surveyed cemeteries and parks.

1. Introduction

Urbanization involves a permanent and ongoing expansion of
human settlements and is responsible for dramatic changes of natural
areas in cities (Grimm et al., 2008; McDonald, 2008). Because of con-
tinuing and rapid increase of human population which entails growth of
material consumption demand, urbanized areas represent hotspots
driving local as well as global environmental changes and influences
biodiversity on multiple scales (Kareiva et al., 2007; Grimm et al.,
2008). The most noted local effects of urbanization are related to the
loss of biodiversity and biotic homogenization (Chace and Walsh, 2006;

Clavero and Brotons, 2010; Clavero et al., 2011; Morelli et al., 2016).
Bird communities are important components of biodiversity in

urban ecosystems. Birds also represent a suitable and frequent model
for the evaluation of environmental changes in urban areas (Marzluff,
2005) due to their relatively easy detectability and identification in the
field and complexity of responses to environmental alterations (Croci
et al., 2008). Although some species known as “urban avoiders” seems
to be intolerant to urban areas, such environment offers suitable ha-
bitats for species which are able to cope with novel conditions (Croci
et al., 2008; Maklakov et al., 2011). Urban heat island effect, as well as
humans providing food to birds might cause even the expansion of some
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species (Croci et al., 2008; Møller et al., 2014; Fisher et al., 2015). On
the other hand, avian survivorship in urban areas can be influenced by
risk of collision with human-made objects, mainly buildings and cars
(Klem, 1990), predators, including these ones directly connected with
human like cats and dogs (Sorace, 2002), and disease (Delgado-V and
French, 2012).

Successful colonization of urban ecosystems is often linked to bio-
logical traits of each species (Croci et al., 2008; Maklakov et al., 2011).
Unequal susceptibility of species to urban conditions indicates that
urban areas may act as an environmental filter (Tscharntke et al., 2012;
Aronson et al., 2014) that influences species composition, community
richness and population sizes of birds. However, urban ecosystems are
not homogenous; within human settlements we can find different ha-
bitat subtypes which can be occupied by species with different toler-
ance to certain aspects of urban life (Jokimäki and
Kaisanlahti‐Jokimäki, 2003; Møller et al., 2012; Aronson et al., 2014;
Fischer et al., 2015).

Species richness is often used as an operational variable reflecting
the state of biological diversity (Jiguet et al., 2005) and constituting
one of the most useful measures of biodiversity, mainly in birds (Gotelli
and Colwell, 2001; Ricklefs, 2012; Morelli, 2013; Young et al., 2013).
The main factor implicated in variation of species richness is habitat
size, followed by spatial heterogeneity of area, its isolation, pro-
ductivity and age (MacArthur and Wilson, 1967; Fernández-Juricic and
Jokimäki, 2001; Mittelbach et al., 2001; Pautasso et al., 2011). Fur-
thermore, for birds, species richness and abundance are often correlated
(Ferenc et al., 2014; Jokimäki et al., 2016). Urbanization is obviously
linked to an increased accumulation of avian biomass but a reduction in
species richness (Chace and Walsh, 2006). Additionally, bird abun-
dance trends have been correlated with specific patterns of urban-re-
lated habitat changes (Germaine et al., 1998; Jokimäki et al., 2016).
Urbanization process endangers species in many ways: a) by removal of
native habitats because of development on the urban–rural fringe, and
b) by indirect effects, due to the fact that urbanization can deplete the
resources in surrounding areas (Czech et al., 2000). Moreover, human
presence can reduce breeding abundance, affecting also the foraging
strategies of urban birds (Fernández-Juricic et al., 2001).

Parks and cemeteries are known as biodiversity islands in urban
ecosystems (Jokimäki, 1999; Fernández-Juricic and Jokimäki, 2001).
They can stabilize species richness and population structures of several
animal groups, and their value as refuges for birds has been underlined
(Lussenhop, 1977). Parks and cemeteries belong to the best recognized
and studied types of urban green space, along with urban woodlands
(forests) and gardens (Luniak and Pisarski, 1982; Jokimäki 1999; Low
et al., 2009). They differ significantly in terms of how they are managed
and perceived by their users and are associated with different sets of
values revealed by urban inhabitants. Proximity to parks tends to be
perceived as an amenity, while proximity to cemeteries as a disamenity,
by apartment buyers (Tudor et al., 2013; Czembrowski and Kronenberg,
2016). Although cemeteries are used for recreational purposes in Cen-
tral and Eastern Europe (Jakóbczyk-Gryszkiewicz et al., 2008), they are
far less visited than parks. Indeed, similar reluctance to use cemeteries
for recreational purposes (compared to positive attitudes towards vis-
iting parks) can also be observed in other regions and continents
(Huang, 2007; Kjøller, 2012). One more important aspect of urban
parks and cemeteries is that they are usually managed in a top-down
manner by local managers (in general these are local authorities in the
case of parks and church authorities in the case of cemeteries). This
changed their ecological features and usually support lower biodi-
versity than in the case of green spaces where a bottom-up management
practice is followed, such as allotment gardens (Andersson et al., 2007).

The main aim of this study was to compare the biodiversity of bird
communities in two urbanized habitats: parks and cemeteries in Central
Europe. First, bird species richness and diversity composition were
analysed. Then, we focused on the differences between bird species
most characteristic of both types of urban green space.

2. Methods

2.1. Data collection

In this study, we focused on bird communities of parks and ceme-
teries in three Central European countries: Poland, Slovakia and Czech
Republic. The data were collected by literature review based on a
search (key words: park* OR cemeter* AND cit* OR town*) of scientific
databases (Scopus; Web of Science and JSTOR); an internet search
(Google/Google Scholar); as well as published and unpublished or-
nithological bibliographies and other sources (see Fig. A; ESM for data
sources distribution). When papers with relevant information on our
topic were selected; their references (backward search) and citation
records (forward search) were searched for other articles that could
provide relevant data.

Data for parks and cemeteries were used only if breeding bird
community was established by territory mapping method (Tomiałojć,
1980). Such collected data were then treated as paired couples meaning
that we included only sources where both habitats types were studied
simultaneously in the same city/town. This approach eliminated many
studies on parks from our sampling, but we obtained a more balanced
geographic record. We extracted from these publications basic data on
geographic location (latitude and altitude), habitat type (park or cem-
etery), number of breeding pairs, as well as total number of breeding
species (for full index of sites see Supplementary Table 1). Furthermore,
each sampling site (park or cemetery) was described by set of en-
vironmental variables. We used remote sensing and field information,
available from the authors. The environment was described using the
following variables: area (ha), age of trees (in years, an estimation of
maximum age of the oldest trees within the area), canopy coverage (%),
building coverage (%), level of fragmentation (ranked from 1
(minimum), to 4 (maximum)), distance to nearest urban area (meters),
distance to nearest natural area (meters), presence or absence of arti-
ficial lights, amount of shrubs (ranked from 1 (minimum) to 4 (max-
imum)).

2.2. Statistical analyses

In this study, species richness was used as a main descriptor of
breeding avifauna because provides one of the simplest and univariate
measures of community diversity (Magurran, 2004). The number of
species present in a given area is often used as an operational variable
reflecting the state of biological diversity (Jiguet et al., 2005). We in-
tentionally decide not to work with number of breeding pairs and
density because in the relatively small cemeteries and parks, many bird
species foraged outside breeding place, and many nested colonially and
semicolonially (e.g. Corvus frugilegus, Columba palumbus, Turdus pilaris,
Carduelidae) which makes studies on density irrelevant (Luniak, 1981;
Tomialojc, 1970, 1980; Jokimäki and Kaisanlahti‐Jokimäki, 2003). Bird
richness was calculated as the number of bird species recorded in each
site (park or cemetery). The bird species diversity was calculated for
each site using the Shannon–Weaver diversity index. We used linear
regression to calculate the correlation between biodiversity measures
(bird species richness and diversity), and biodiversity measures with
the size of cemeteries or parks. A comparison of the area size of ce-
meteries and parks was performed using Welch two sampling t-test.

We used non-metric multidimensional scaling (NMDS) to perform a
preliminary comparison between cemeteries and parks, based on en-
vironmental characteristics used to describe the sampling sites (area,
canopy, shrub and building coverage, distance to nearest urban area,
distance to nearest natural area, presence of artificial lights) and bird
species composition (number of individuals per species in each sam-
pling site). The NMDS is an indirect gradient analysis approach which
produces an ordination based on a distance or dissimilarity matrix, that
collapse information from multiple dimensions (e.g, from multiple
communities, sites, etc.) into two dimensions (Kenkel and Orloci, 1993;
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Sreekar et al., 2015). The values of stress of the NMDS≤ 0.2 provides a
good representation of data (Kenkel and Orloci, 1993).

We used Mantel tests to check for spatial autocorrelation issues in
dataset (Mantel, 1967). This test evaluates the similarity between two
matrices: one measuring ecological distance (e.g. differences in bird
species richness) and one as geographical distance (Legendre and
Legendre, 2012). We used Monte Carlo permutations with 9999 ran-
domizations to test for significance (Oksanen, 2014). Generalized
Linear Mixed Models (GLMMs) were used to study the associations
between pattern of bird species richness and diversity (response vari-
ables) in parks or cemeteries and the area, environmental character-
istics (age of trees, canopy coverage, building coverage, level of frag-
mentation, distance to urban, distance to nearest natural area, presence
of artificial lights and shrubs, modelled as fixed effects (modelled as
predictor variables). Also possible interactions between area and ha-
bitat type were included during model procedure. Sampling site (plot
identity) (groups = 89), year of record (groups = 41) and country
(groups = 3) were added as a random factors in the model, to account
for potential differences related to these variables. Bird species richness
was assumed as Poisson distribution, while species diversity was

modelled as a Gaussian family. Because our data showed slight evi-
dence of spatial autocorrelation for bird species richness, we proceed by
resolving the problem including the interaction term latitude/longitude
into the model specification (Dormann et al., 2007). Models were fitted
by maximum likelihood (Laplace Approximation), using the package
‘lme4′ (Bates et al., 2014), and Akaike’s Information Criterion (AIC) was
used to determine the model that ‘best’ explained variation in the data
(Burnham and Anderson, 2002).

Finally, in order to study the bird species typical for parks and ce-
meteries, the indicator value method was used (IndVAL analysis) (De
Cáceres et al., 2010; De Cáceres and Jansen, 2012). The IndVAL ana-
lysis is based on specificity, which is the conditional probability of a
positive predictive value of a given species as an indicator of the target
plot group and sensitivity (or fidelity), which is the conditional prob-
ability that the given species will be found in a newly surveyed plot
belonging to the same plot group (Dufrene and Legendre, 1997), pro-
ducing a percentage indicator value (IndVAL) for each species. To be
characteristic of a certain habitat type, a species has to be found reliably
and almost exclusively within that habitat. Therefore, only bird species
having a value of IndVAL statistic higher than 20% and a p value lower

Fig. 1. Bird species richness and diversity and area (ha) in parks and cemeteries in three countries of Central Europe. The box plots show medians, quartiles, 5- and 95-percentiles and
extreme values.
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than 0.05 were considered as indicator species for each habitat type
(Della Rocca et al., 2014).

All statistical analyses were performed with R ver. 3.1.0 (R Core
Team, 2014).

3. Results

In total of 4270 observations of 110 different breeding bird species
were collected during studies of urban parks and cemeteries in Poland,
Slovakia and Czech Republic. Altogether, we obtained data for 170
sampling sites (142 in Poland, 22 in Slovakia and 6 in Czech Republic),
distributed in 36 different cities and towns. The oldest data collected
were from 1952, and the newest from 2012 (see Supplementary
Table 1). The sampling sites were distributed among 120 parks and 50
cemeteries. The size of both green space types ranged between
1.2–42 ha for cemeteries, and 1.2–47.8 ha for parks. Based on all data
collected, the average area was similar for both green space types (10.8
for cemeteries and 13.0 for parks, t = 1.23, df = 74.5, p = 0.22).

The NMDS ordination plot for environmental variables (Fig. B, ESM)
showed a relative small separation between cemeteries and parks. On
the other hand, for bird species composition, the NMDS ordination (Fig.
B, ESM) shows plots less compact in the space of ordination. These
results suggest that cemeteries and parks are both similar in terms of
environmental characteristics as well as in terms of bird composition,
but the overall bird species composition is more variable than en-
vironmental characteristics.

Bird species richness ranged from 2 to 68 species among studied
sites, with an average of 25 species per sampling sites. The species di-
versity was significantly correlated with bird species richness
(r2 = 0.41, F = 118.2, df = 168, p < 0.001). However, patterns of
bird species richness, species diversity and area of parks and cemeteries,
were slightly different among countries (Fig. 1). On country level, we

found several differences in species richness and diversity between
parks and cemeteries (Fig. 2). Although no differences in area size be-
tween parks and cemeteries were revealed when all records were putted
together, we found significant differences on country level (Fig. 2).
Furthermore, the positive significant relationship between species
richness and area was found in both parks and cemeteries (r2 = 0.20,
F = 30.27, df = 118, p < 0.001 and r2 = 0.11, F = 5.31, df = 45,
p = 0.02, respectively). The correlation between species diversity and
area was non-significant in both parks and cemeteries (r2 = 0.02,
F = 2.84, df = 118, p = 0.06, r2 = 0.009, F = 0.64, df = 65,
p = 0.42, respectively).

The results of GLMM procedures showed a positive correlation be-
tween bird species richness and the age of oldest trees in the site, the

Fig. 2. Relationship between bird species richness,
bird diversity and area in parks and cemeteries.

Table 1
Fixed-effect parameters in GLMM, accounting for variation in bird species richness and
species diversity in relationship to area (ha), habitat type (park or cemetery), age of trees,
canopy coverage, building coverage, level of fragmentation, distance to nearest urban
area, distance to nearest natural area, presence of artificial lights and abundance of
shrubs. The full model is based on 150 observations and it is the result of an automated
model selection procedure including possible interactions between covariates (area and
habitat type). SamplingSampling site (plot identity) (groups = 89), year of record
(groups = 41) and country (groups = 3) were added as a random factors in the model.
Only significant variables (at P < 0.05) selected in the best model are shown in the table.

Fixed effects/Response variable Estimate SE z value P

Species richness
(Intercept) 2.843 0.270 10.522 <0.001
Age of trees (100–250 years) 0.223 0.109 2.029 0.042
Canopy coverage 0.030 0.010 2.067 0.038
Area (ha): Habitat(Park) 0.112 0.058 1.925 0.049
Species diversity
(Intercept) 2.659 0.432 6.152 <0.001
Area (ha) 0.014 0.006 0.245 0.050
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coverage of canopy and the area size in parks (Table 1). The Fig. 3 show
the differences in bird species richness in both habitat (cemeteries and
parks) in a gradient of the age of trees, classified in quartiles. Bird
species diversity was weakly but positively linked only to the size of
cemeteries and parks. Interestingly, habitat type did not play important
role in predicting bird species richness or diversity (Table 1).

We further revealed differences in the species composition of bird
communities between cemeteries and parks. IndVAL analysis provided
the list of species which describe and are representative for one of the
habitat types and the responses of each bird species to each habitat
type, in terms of specificity (component “A” of IndVAL) and fidelity
(component “B” of IndVAL) (Table 2). In addition, the “multipatt”
function produced, at the first level, the representative species for
particular sites. Of them, 12 bird species were significantly diagnostic
for parks, while only five bird species for cemeteries (Table 2).

4. Discussion

Although our review study based on data collected by different
observers, with different time regime and small differences in metho-
dology, as normally biased in this kind of study we obtained very strong
findings. Our results highlighted differences in species composition
between cemeteries and parks, which is novel in broad temporal and
spatial scale (cf. Ferenc et al., 2014; Fernández-Juricic and Jokimäki,
2001; Gaston, 2010). We further revealed impact of canopy and age of
trees on avian bird communities, supporting other studies highlighting
urban greenery and tree effects on composition of bird communities
(Morelli et al., 2017; Schütz and Schulze, 2015).

While bird species richness and diversity was greater in cemeteries
than in parks in Slovakia, we found the opposite trend in Poland;
however, these differences are not statistically significant (Table 1).
Slight differences in species richness could be due to species–area re-
lationship (Luniak 1981; Marzluff 2005) because parks are larger than
cemeteries in Poland, but are quite similar in Slovakia. Besides area

size, habitat heterogeneity is one of best predictors of variability in
species richness (Roth, 1976; Atauri and de Lucio, 2001; Reif, 2007).
Therefore, it is possible that Polish parks and Slovak cemeteries provide
more diversified structure of vegetation than other urban green spaces
(Pauleit and Duhme, 2000) and thus offer life space for wider com-
munity of birds. Also other factors, like location area within the city
(centre vs. periphery) and therefore access to open space with food can
be crucial to occurrence and population size of many species, especially
pigeons, doves, corvids and some thrushes and finches (Fernández-
Juricic and Jokimäki, 2001; Biadun and Zmihorski, 2011; Ferenc et al.,

Fig. 3. Comparison of bird species richness between parks and cemeteries, in a gradient of trees classified by age. The y-axis represents the estimated variable. The box plots show
medians, mean (black rhombus), quartiles, 5- and 95-percentiles and extreme values.

Table 2
Results of the IndVAL analysis on bird species from cemeteries and parks. The component
A is referred to the specificity, while the component B is referred to the fidelity of the
species to each habitat type. Only species with ‘stat’ values higher than 0.20 were selected
at 0.05 p-level.

Species A B stat p

Cemetery
Dryobates minor 0. 5791 0.8600 0. 706 0.002
Columba palumbus 0. 5454 0.8600 0.6850 0.037
Phoenicurus phoenicurus 0.6512 0.5600 0.6040 0.001
Oenanthe oenanthe 0.9438 0.1400 0.3640 0.002
Serinus serinus 1.0000 0.0600 0.2450 0.019

Park
Sylvia atricapilla 0.6010 0.7833 0.6860 0.010
Carduelis carduelis 0.6044 0.6417 0.6230 0.028
Phylloscopus collybita 0.6757 0.5000 0.5810 0.022
Strix aluco 0.7692 0.4000 0.5550 0.003
Phylloscopus sibilatrix 0.8304 0.3917 0.5700 0.002
Coccothraustes coccothraustes 0.6989 0.3250 0.4770 0.046
Anas platyrhynchos 0.9055 0.1917 0.4170 0.004
Luscinia luscinia 0.8929 0.1667 0.3860 0.024
Columba livia 0.8065 0.1667 0.3670 0.040
Leiopicus medius 1.0000 0.1333 0.3650 0.022
Ficedula albicollis 1.0000 0.0917 0.3030 0.034
Regulus regulus 1.0000 0.0917 0.3030 0.029
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2014; Mikula et al., 2014), however it not influenced significantly park
and cemetery avian communities. On the other hand, also more de-
tailed factors describing green patches like age of trees and canopy
cover affect bird communities in parks and cemeteries, and importance
of both factors are already well documented generally for avian com-
munities (Wiens, 1992) and particularly in urban areas (Luniak, 1981;
Jokimäki. 1999). Results of analysis underline especially positive
function of very old trees (older than 100 years), what was documented
to many functional group of organisms (Stagoll et al., 2012).

We further found that bird community composition differed be-
tween parks and cemeteries. Whereas average area did not significantly
differ between both habitat types, we assumed that differences in spe-
cies composition are linked to species-specific habitat selection, al-
though, other factors, such as land use patterns and human behaviour
differences, can play role as well. Cultural and behavioural differences
of human behaviour between parks and cemeteries can also explain the
differences. Human activity is more tangible in parks where people
play, practice sports or walk (including with pets), often in larger
groups; whereas cemeteries are quieter and only occasionally visited
with pets. Consequent factors, such as human density, speed of ap-
proach, encounter group size or presence of pet while walking, seem to
have an impact on animal risk level perception (Fernández-Juricic
et al., 2001; Miller et al., 2001; Liao et al., 2005). Moreover, land uses
and management practices in parks and cemeteries can explain some
differences in bird community composition as well. For instance, a re-
cent trend of removing trees and other forms of vegetation can be ob-
served particularly in cemeteries, which is mostly related to the per-
ceived need for ensuring public safety. This reflects one of the
important barriers to urban greening and urban green space preserva-
tion − that trees and urban vegetation in general are often perceived as
a nuisance (Kronenberg, 2015). Clearly, this also has an impact on bird
species diversity.

We indeed found differences in distribution of several species with
quite narrow habitat requirements between parks and cemeteries. For
instance, Phoenicurus phoenicurus was typical for cemeteries, especially
in Poland. In sympatry with Phoenicurus ochruros, the former species
inhabits habitats with higher proportion of trees and lower proportion
of buildings (Sedláček et al., 2004). Pauleit and Duhme (2000) showed
that cemeteries can be characterized by higher coverage of woody ve-
getations than parks and can thus provide a more suitable habitat for
Phoenicurus phoenicurus. Also Columba palumbus is reaching highest
densities in habitats with sufficient tree coverage (Palomino and
Carrascal, 2006), small sacral architecture and can therefore prefer
cemeteries over parks. Different environmental conditions could also
play a role in distributional patterns of some woodpeckers. Our analysis
revealed that Dryobates minor was typical in cemeteries, whereas Leio-
picus medius predominantly inhabited parks. Again, this could be linked
to different habitat preferences between species as site occupancy in
Dryobates minor is positively affected by woodland area and shrub
cover, and negatively by urbanization; while Leiopicus medius strongly
prefers mature oak dominated stands (Myczko et al., 2014) the pro-
portion of which is higher in several Central European parks than ce-
meteries (e.g. Reháčková and Pauditšová, 2004; Kopij, 2014). Priority
distribution of Strix aluco and Ficedula albicollis in parks can be con-
nected with higher availability of old trees with cavities in park habitat
(Tomialojc, 1970). Surprising is the lack of other owls, especially Athene
noctua that can breed at the hollows of old trees that can be found in
parks and cemeteries (Grzywaczewski, 2009). Preference of other spe-
cies for parks could be related to the higher proportion of shrubs (Sylvia
atricapilla, Luscinia luscinia), fruit trees (Coccothraustes coccothraustes),
ponds or water streams (Anas platyrhynchos) and intentional feeding by
people (Columba livia). On the other hand, amount of rock-like struc-
tures could be responsible for Oenanthe oenanthe preference for ceme-
teries rather than parks.

We further confirmed that parks and cemeteries are important
biodiversity hotspots, mainly in urbanized environments (Fernández-

Juricic and Jokimäki 2001). In general, urban adapters prefer tree-rich
habitats, are omnivorous and granivorous, sedentary and higher nested
(Chace and Walsh, 2006; Croci et al., 2008). However, our findings
indicate possibility that parks and cemeteries can represent suitable
breeding habitats also for urban avoiders due to their specific en-
vironmental characteristics. We found that numerous passerine species
which were previously recognised as urban avoiders in Central and
West European cities (Croci et al., 2008; Maklakov et al., 2011) can
actually successfully inhabit these sites. These species can be classified
in several ecological groups (categories based on mixed traits − see:
Tomialojc, 1970; Croci et al., 2008), such as mainly insectivorous: La-
nius (collurio and excubitor), Oriolus oriolus, Certhia familiaris; ground or
low nesting: Alauda arvensis, Emberiza citrinella, Miliaria calandra, Sylvia
(curruca and communis), Anthus trivialis, Motacilla flava, Oenanthe oe-
nanthe, Lucustella fluviatilis, both Saxicola, and all Acrocephalus species,
and expanding species: Turdus pilaris. Moreover, majority of these birds
are migrants. Insectivorous, ground and low nesting and migratory bird
species are traditionally viewed as the bird groups most sensitive to
environmental quality (Clergeau et al., 1998; McKinney, 2002). Parks
and cemeteries can thus provide suitable habitat for these birds in
urban environments (Lussenhop 1977; Miller and Hobbs, 2002) and
serve as important points of local invasions for urban exploiting or
refugees for urban less tolerant species (Blair and Johnson, 2008).

Finally, we found that bird species richness for both habitats and
diversity for parks was positively correlated with area size. Moreover,
species composition of bird assemblages significantly differed between
parks and cemeteries with several species strongly preferring one of
habitat types. Unequal distribution of these species could be linked to
different habitat structure (e.g. age and density of vegetation), human
behaviour and land use patterns between parks and cemeteries.
Confirmed presence of numerous bird species, up to now known as
urban avoiders, indicates important role of parks and cemeteries as a
refuges for urban intolerant birds which has several implications for
urban green space management practices.
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