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ARTICLE INFO ABSTRACT
Keywords: The population dynamics of urban animals has been so far remarkably understudied. At the same time, urban
Urban ecology species’ population trends can provide important information on the consequences of environmental changes in

Population dynamics

Urban bird cities. We modelled long-term population trends of 93 bird species breeding in urban areas in 16 European
rban birds

Urbanization countries as a function of species’ traits, characterising variability in their urbanization and ecology. We found
Bird ecology that: (i) earlier colonisers have more negative population trends than recent colonisers; (ii) more urbanized open
Time since urbanization habitat species had more positive population trends than less urbanized open habitat species; (iii) highly ur-
banized birds breeding above the ground had more negative trends than highly urbanized ground breeders.
These patterns can be explained by several processes occurring in cities as well as outside city borders. Namely,
(i) pre-industrial colonisers might struggle to persist in rapidly changing urban areas, limiting their foraging and
breeding opportunities of the birds. (ii) Open habitats are under pressure of intensive agricultural exploitation in
rural areas, which may negatively affect populations of less urbanized birds. In contrast, urban areas do not
experience such pressure keeping the trends of urbanized open habitat species more positive. (iii) Differences in
population trends between highly urbanized ground and above-ground breeders suggest that the latter may lose
their breeding opportunities in modern buildings that do not provide suitable breeding sites. Our results indicate
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that even once successful, city dwellers may not keep pace with changes in urban areas, but these areas may also
provide suitable habitats for biodiversity.

1. Introduction

The Earth’s surface has been undergoing rapid urbanization in the
last century, resulting in a growing proportion of the human population
living in cities, which recently exceeded 50 % and might grow up to 68
% by 2050 (United Nations, 2018). The biodiversity is largely negatively
affected by urban area expansion linked with, for example, native
habitat loss (McKinney, 2002) and the introduction of non-native or-
ganisms (Trentanovi et al., 2013). At the same time, some species can
survive in urban areas because they hold specific combinations of
ecological characteristics, being advantageous for life near humans
(Ruas et al., 2022; Saito & Koike, 2015; Sol et al., 2017). The resulting
urban communities are often similar to each other, contributing to the
phenomenon known as “biotic homogenisation” (Clergeau et al., 2006;
Markacci et al., 2021; McKinney & Lockwood, 1999).

Species show considerable variability in their association with urban
areas with consequences for their performance within the city borders
(Lizée et al., 2011; Vallet et al., 2010). This association can be expressed
by two measures highlighting its different aspects: time since urbani-
zation (TSU) and relative urbanness (RU). TSU is based on the obser-
vation that cities were colonized by different species in different time
periods (Bea et al., 2011; Evans et al., 2010; Rutz, 2008). The longer the
colonisation occurred in the past, the higher the TSU. This might be an
important characteristic for urban species adaptation and population
dynamics. Still, this variable was only rarely considered in urban ecol-
ogy research (but see Mgller, 2010a). There is evidence that the ur-
banized species tolerate more human proximity (Mgller, 2010b;
Symonds et al., 2016) and have higher population densities (Mgller
et al., 2012) with increasing time since urbanization. RU is a recently
derived measure based on species distribution modelling and remote
sensing data. It is determined as the species’ relative occurrence in the
areas of night lights (VIIRS), which is a versatile measure of human
presence (Callaghan et al., 2020). The closer the association is, the more
urbanized the species (Callaghan et al., 2019).

Most studies on urban ecology of animals so far focused on the
identification of the traits that govern the establishment and survival of
populations in cities (Castaneda et al., 2019; Evans et al., 2011; Gallo
et al., 2017; Jokimaki et al., 2016; Sol et al., 2014), while studies
focusing on population trends of urban animal species are very rare. At
the same time, urban areas change quickly (Richards & Belcher, 2020);
as a consequence, changes in the population abundance of urban species
are also likely to occur. In order to study such changes, we obtained
national population trends of 93 bird species that frequently breed in
urban areas from Pan-European Common Bird Monitoring Scheme
(PECBMS), one of the most comprehensive datasets on animal popula-
tion trajectories worldwide (Brlik et al., 2021). We assessed the influ-
ence of factors possibly underlying the observed urban bird population
trends in different European countries. Specifically, we suggest that
three factors can shape urban bird population trends. We study these
relationships by linking the trends to species’ traits that mirror the in-
fluence of a given factor, i.e., the species’ position along the gradient
from woodland to open habitats, the species’ association with wetlands,
and the site of species’ nest.

Firstly, one of the conspicuous environmental changes that cities
experience in Europe is expanding green areas (Richards & Belcher,
2020). This process is often deliberately managed by humans to facili-
tate physical and social benefits provided by the green vegetation
(Velasco et al., 2016), but the expansion can also be driven uncon-
sciously by other factors such as spontaneous vegetation succession
(Richards & Belcher, 2020). This phenomenon benefits not only humans
but also the biodiversity of urban areas (Carrus et al., 2015; Lepczyk

et al.,, 2017). In Europe, green areas expansion is manifested by
increasing urban tree cover (UTC; Nowak & Greenfield, 2020). The in-
crease in UTC may therefore result in growing populations of urbanized
woodland birds within cities, where they may find more suitable
breeding and foraging sites (Vélova et al., 2023).

Secondly, urban areas hold a rich array of freshwater habitats like
streams, rivers, fishponds and artificial ponds in city parks. Although
some of these freshwater habitats in cities may be under pressure
because of pollution (Mancini et al., 2005; Villalobos-Jiménez et al.,
2016), invasive species (Hassall, 2014; Oertli & Parris, 2019) and dis-
turbances (e.g., removal of littoral vegetation; Oertli & Parris, 2019),
these habitats may hold wide array of bird diversity (Andrade et al.,
2018). This might be due to the absence of some native predators
(Fischer et al., 2012; Roshnath et al., 2019), the absence of human
hunters (Mgller, 2008) and low-intensity use (e.g., for recreational
fishery) by the public and authorities (Oertli & Parris, 2019). Cities
maintain a warmer climate compared to the surrounding landscape
(Bornstein, 1968; Sachanowicz et al., 2019), which might benefit some
waterbird species, especially in winter, when there are more non-
freezing waterbodies, and frequent provisional feeding by people. In
some cases, this might subsequently lead to establishing breeding pop-
ulations (Mgller et al., 2014).

Third, ground breeding is a disadvantage for urban birds (Jokimaki
et al., 2016), since some ground-dwelling predators (e.g., beech marten
(Martes foina), red fox (Vulpes vulpes), feral cats) are abundant in cities
(Dudus et al., 2014; Kauhala et al., 2015). Also, disturbance by pedes-
trians or unleashed dogs (Fernandez-Juricic, 2002) and the limited area
of suitable, persistent breeding habitats (e.g., brownfields) due to
building development might play a role. In contrast, the species
breeding higher above the ground on buildings or in the tree canopy or
cavities are less affected by these risks (Tomasevic & Marzluff, 2017).
Therefore, the nest site is also an important trait potentially influencing
the population trend of urban birds.

We suggest that the influence of the three above-mentioned factors
on national population trends of bird species that frequently breed in
urban areas will interact with the strength of birds’ association with
urban areas expressed as TSU and RU, respectively. In general, birds
urbanized for a longer time (i.e., those having higher TSU) should be
more susceptible to the adverse changes that occur in urban areas, but
they should also better exploit the benefits the urban areas provide
(Atwell et al., 2012). In the case of RU, the more urbanized species (i.e.,
those with higher RU values) should be more affected (either negatively
or positively) by factors acting in the urban environment than the less
urbanized species. To explore these expectations, we set an interaction
model of each trait with TSU and RU, respectively. Our study aims to
investigate these interactions.

2. Methods
2.1. Bird population trends

We obtained the data for the calculation of population trends from
the Pan European Common Bird Monitoring Scheme (PECBMS; https://
pecbms.info/), a continent-wide programme that aims to monitor the
populations of common bird species and produces relevant data on 170
species of European breeding birds. The project involves member states
of the European Union (except Malta), Norway, the United Kingdom,
and Switzerland. The field data are collected by experienced volunteer
fieldworkers using standardised monitoring techniques of point counts,
linear counts and territory or spot mapping (Bibby et al., 2000; Brlik
etal., 2021; Sutherland, 2006). The species must meet the following two
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criteria to be included in PECBMS data set; (i) the population size is > 50
000 pairs in the area covered by PECBMS (with a few exceptions of
species for which PECBMS covers most of their breeding ranges), (ii) the
species must be detectable using the sampling methods defined as a
standard for monitoring of diurnal territorial bird populations (owls and
some waterbirds are excluded). To improve the representation of
various habitat types within the scheme, specific methods of site selec-
tion are employed in respective countries, including random selection,
systematic random selection, systematic selection, and free choice by
fieldworkers. However, certain habitats may still be over- or underrep-
resented. Therefore, post-hoc stratification and weighting procedures
are implemented during data processing (Brlik et al., 2021). A more
detailed PECBMS methods description is available in Brlik et al. (2021).

The field data collected by volunteers are collated each year by the
national coordinators, who calculate the national annual population
index for every species in each country. The index is estimated using a
log-linear model in the TRIM software, taking potential overdispersion
and serial correlation (i.e., the nonindependence of data from the same
plot surveyed in consecutive years) into account (Bogaart et al., 2020;
van Strien et al., 2001). The model runs on annual raw counts on all
monitoring sites in a given country and quantifies the relative popula-
tion change of a given species in a given year (in percentage) in relation
to a base year (usually the first year of the time series). For the purposes
of this study, these annual national population indices for every species
were obtained from national coordinators and used to compute the
population trends of respective species in each country.

For each species, the country-level population trend was expressed as
a slope of a linear regression fitted through the logarithm of the annual
national population indices. We computed these population trends for
the period 2000-2016, which represents a compromise between the
number of countries with data available and the length of the time series
(longer time series would result in fewer countries and vice versa). As a
result, we used data from 16 countries for further analysis (Belgium,
Czechia, Denmark, Estonia, Finland, France, Germany, Italy, Ireland,
Latvia, Netherlands, Norway, Poland, Spain, Sweden, Switzerland). For
historical reasons, two of these countries (Germany and Belgium) were
divided into two different regions (East and West Germany, Belgium
Wallonia and Brussels, respectively) by their national coordinators, and
population indices were calculated separately for these regions. We thus
considered these regions as additional “countries”, and hereafter we
refer to 18 countries for simplification.

2.2. Birds’ association with urban areas

Birds’ association with urban areas was expressed using two different
measures, TSU and RU. TSU was estimated for the species separately in
every country based on the information from national ornithological
literature scanned by national coordinators. It is defined as the period
when the species had established a vital and thriving urban population
in a given country. The pioneer settlement was not considered for TSU
because of a high chance that it would go unnoticed, especially before
the increase in the numbers of ornithologists and birdwatchers, and
therefore could potentially introduce bias into the data. We were unable
to express TSU as a continuous measure due to imprecise information in
the literature sources. Instead, we expressed TSU as an ordinal variable
with four values corresponding to four periods: 1 - after 1990; 2 —
1950-1990; 3 - first half of the 20th century; 4 — before the beginning of
the 20th century. These periods broadly correspond to important his-
torical changes in the development of urban areas: 1 — post-industrial
economy and deep socioeconomic changes in the former Soviet bloc, 2
- economic conjuncture after World War II, 3 — fast urban development
and two major armed conflicts in Europe, 4 — industrial revolution
linked with massive migration of people into urban areas. RU was
extracted from Callaghan et al. (2020). It is a quantitative measure of
species’ relative occurrence in urban areas that are characterised as
areas of night lights (VIIRS). This measure is currently the only
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continuous urban score proxy available on a continental scale for all
species in this study (Callaghan et al., 2021) and it has been validated in
recent literature, demonstrating its suitability for ecological research
(Callaghan et al., 2019, 2020, 2021). It is a log-transformed species-
specific urban score subtracted by the range-specific urbanness value.
So, the higher the RU, the more the species occurs in urban areas and
vice versa (Callaghan et al., 2019, 2020). RU is expressed at the species
level, so it did not vary across countries.

Data on TSU and RU were only available for a subset of all 170 bird
species included in PECBMS because TSU is only defined for urban birds,
and RU was not expressed for several species. So, we limited our study to
93 species for which both TSU and RU were available. This resulted in
551 country-species combinations used for further analysis (see Sup-
plementary table S1) because not all species occurred in all countries as
urban breeders.

2.3. Other ecological traits

We considered the following traits that are known to shape bird
population trends (Cuervo & Mgller, 2020; Hanzelka et al., 2019;
Laaksonen & Lehikoinen, 2013; Massa & La Mantia, 2010; Reif et al.,
2023; Reif & Hanzelka, 2020). Cavity nesting separated the species
nesting in cavities or artificial nest boxes, both in trees and on buildings,
from the other species. Species categorization was performed using the
information from Billerman et al. (2020). Nest site (Kolecek et al., 2014)
sorted the species that place their nests directly on (value = 1) or close to
the ground in shrubs and other low vegetation (2) and high above the
ground (3). The information was obtained from Billerman et al. (2020).
Habitat niche position and breadth for each species were extracted from
Hanzelka et al. (2019). It is based on the classification of the species
according to their preferences along the gradient from forest interior (1)
to open treeless landscape (7). Each species was assigned by Hanzelka
et al. (2019) to three habitat types along this gradient, and the mean of
their values was the habitat niche position, while the range was the habitat
niche breadth. Wetness was extracted from Hanzelka et al. (2019) and
classified the species according to their association with increasingly
wet habitats. It discriminated the species associated with dry habitats (1)
from wetland birds (2) and water birds (3). Climate niche position and
breadth were extracted from Hanzelka et al. (2019), who calculated the
mean temperature (position) and the range of temperatures (breadth) in
the European breeding range of each species during its breeding season.
Diet niche position was excerpted for each species from Hanzelka et al.
(2019) and classified the species according to the proportion of plant
and animal tissues in their diet from obligatory herbivores (1) to
obligatory carnivores (5). Dietary dependence on insects gave more
emphasis on invertebrates in the diet because the former trait merged
carnivory and insectivory. For this purpose, the species were sorted from
those fully independent (0) to those fully dependent (2) on insects in
their diet. The values were extracted from Reif & Hanzelka (2020).

We also computed principal component analysis (PCA) using the
Vegan package (Oksanen et al., 2007) to characterise the species’ life
history strategy. For this purpose, we used species-specific mean values of
body mass, egg mass, clutch size and number of broods per year obtained in
Storchova & Horak (2018). The most important component revealed by
this PCA explained 51.00 % of the variability and classified the species
from those with slow strategies (‘K-selected’ species with large egg mass
and body mass, smaller clutches and longer incubation) to those with
fast strategies (‘r-selected’ species; Begon et al., 1986), see Supplemen-
tary Fig. 1.

2.4. Statistical analysis

Prior to model composition, we performed pairwise correlation tests
of all traits, see Supplementary table S8. To avoid multicollinearity is-
sues due to predictors’ correlations, we decided to exclude the traits
with a correlation coefficient higher than 0.6 from further analysis
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(Dormann et al., 2013). We found two pairs of highly correlated traits:
climate niche range and climate niche position (r = 0.62), diet niche position
and dietary dependence on insects (r = 0.65). We decided to keep climate
niche position and dietary dependence on insects since these two traits seem
to be more important for bird population trends according to previous
research (Jiguet et al., 2010; Reif & Hanzelka, 2020).

In the next step, we composed six models to test the influence of
factors that might be responsible for the variability in the country-
specific long-term population trends (period 2000-2016) of European
urban bird species obtained from PECBMS (see section 2.1). Each model
contained the explanatory variables describing species’ association with
urban areas (TSU and RU) and the other bird species’ traits as the main
effects and one two-way interaction. All interactions included TSU or RU
and one of the following traits: nest site, habitat niche position, and
wetness. We also composed more complex models containing multiple
interactions in the pilot analyses, but these models had problems with
convergence, so we stayed with testing each interaction in a single
model. We also compared the full and simpler models using the Akaike
Information Criterion (as computed by the MuMIn package; Barton,
2022) to find the best subset of the species’ traits; however, the full
model, i.e., the model containing all traits, was always the most
competitive one (the models differed from the best model with AAIC >
2). Therefore, we kept all trait variables included.

The models were generalised linear mixed models (GLMM) with
Gaussian error structure and identity link function fitted using the
glmmTMB package (Magnusson et al., 2021). Besides the fixed effects
described above, each GLMM contained the crossed random effects of
country and species following Gamero et al. (2017). We checked model
diagnostics using DHARMa (Hartig & Hartig, 2017) and performance
(Liidecke et al., 2021) packages.

All analyses were performed in R software, version 4.2.2. (R Core
Team, 2020). We concluded statistical significance at level p < 0.05.

3. Results

The six models relating population trends of European urban bird
species to variables describing their association with urban areas
(expressed as TSU and RU) and to the interactions of these variables with
several other traits showed relatively moderate performance explaining
11.3-13.2 % (marginal Rz) variability in bird trends (Table 1). TSU was
significant as a main effect in five models, RU in two models (Table 1).
The interaction effects of TSU were not significant in any model,
whereas the two out of three tested interactions with RU were significant
(Table 1).

The relationships of species population trends with TSU were
consistently negative (Supplementary Tables S2-S7): the earlier

Table 1

Summary of models relating population trends of European urban bird species to
variables describing their association with urban areas (time since urbanization
- TSU, relative urbanness — RU), other species’ traits and interactions between
TSU or RU and the selected traits. Statistically significant effects are in bold. See
Supplementary Tables S2-S7 for the full results of each model. Conditional (R%c)
and marginal (R?’m) coefficients of determination are presented.

D Main effects Interaction effects R2c R?m

Model TSU, RU, other TSU x wetness 41.4% 11.7%
1 species’ traits

Model TSU, RU, other TSU x habitat niche 41.1 % 11.5%
2 species’ traits position

Model TSU, RU, other species’ TSU x nest site 42.0 % 11.4%
3 traits

Model TSU, RU, other RU x wetness 42.1 % 11.3%
4 species’ traits

Model TSU, RU, other RU x habitat niche 41.4 % 11.6 %
5 species’ traits position

Model TSU, RU, other RU x nest site 41.8 % 13.2%
6 species’ traits

Ecological Indicators 160 (2024) 111926

urbanized birds had more negative trends than the more recently ur-
banized species (Fig. 1). The main effect RU was once positive (Sup-
plementary Table S7), indicating that more urbanized species had more
positive trends and once negative (Supplementary Table S6) indicating
the opposite. However, these main effects were only present in the
models that contained a significant interaction of RU with one of the
other species’ traits, so they must be interpreted in the light of these
interactions. Specifically, the interaction of RU and Nest site showed that
the more urbanized ground-breeding birds had more positive population
trends than less urbanized ground-breeding birds (Fig. 2). The pattern
became weaker, but the direction remained the same in species breeding
in shrubs or low vegetation, and the pattern reversed in species breeding
in trees (Fig. 2). The interaction between RU and Habitat niche position
showed a marked difference in trends between woodland birds and open
landscape birds in the least urbanized species (Fig. 3). In this case,
woodland birds had more positive population trends than open habitat
birds (Fig. 3). However, the difference disappeared with progressing
urbanization, and the pattern was even slightly reversed in the most
urbanized species (Fig. 3).

The other species’ traits not included in the interactions with TSU
and RU were considered to account for possible effects of other factors
potentially shaping the population trends. Three of these traits showed
significant effects (Supplementary Tables S2-S7). Life history strategy was
negatively associated with the bird’s population trends (Supplementary
Tables S1-S4, S6), meaning that K-selected species had more positive
population trends than birds belonging to r-selected species. Cavity
nesting was positively associated with the population trends (Supple-
mentary Tables S1-S5) and showed that cavity-nesting species had more
positive trends than those not nesting in cavities. Habitat niche position
was significantly negatively related to the bird population trends in
addition to the models where it was included in the interaction with TSU
or RU (Supplementary Tables S5), showing that birds breeding in open
areas have more negative trends than birds breeding in woodland areas.

The nest site was not significant in any model apart from where it was
included in the interaction with RU (Supplementary Table S7). Climate
niche position, Dietary dependence on insects, Wetness and Habitat niche
breadth, were not significant in any of the fitted models (Supplementary
Tables S2-S7).

0.10 1

0.05

0.00 1

Population trend

-0.05 1

-0.101

2 (1950-1990) 3 (1900-1950) 4 (<1900)

Time since urbanization

1 (>1990)

Figure 1. The relationship between population trends of European bird species
breeding in urban areas and time since their urbanization. The higher the value,
the longer time since urbanization. The results are estimated by a generalised
linear mixed model (see Supplementary Table S7 for full model results). The
95% confidence interval is shown.
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the gradient from forested landscape (lower values) to the fully open landscape (higher values). The results were estimated by a generalised linear mixed model (see
Supplementary Table S7 for full model results). The 95% confidence intervals are shown.

4. Discussion

National population trends of bird species breeding in urban areas of
18 European countries were analysed in relation to two different mea-
sures of species’ urbanization — time since urbanization (TSU) and
relative urbanness (RU). These measures quantify for how long a given
species has bred in urban areas of a given country (TSU) and how
strongly it is associated with urban areas in Europe (RU). By relating the
population trends to these measures and the other species’ traits, we
found the following three main patterns. (i) The more recently urban-
ized species had significantly more positive population trends than pre-
industrial urban dwellers. (ii) Highly urbanized species of open habitats
had more positive population trends than highly urbanized birds of
woodland habitats, while the reverse was true for less urbanized species.
(iii) Within highly urbanized species, birds breeding on the ground had
more positive trends than above-ground breeders.

Species that colonized urban areas in the pre-industrial era (e.g.,
house sparrow (Passer domesticus), house martin (Delichon urbicum)) had
more negative population trends than the recent colonisers. This pattern
can be driven by the rapid environmental change in cities, especially in
vegetation and buildings, that affects the availability of breeding and
foraging opportunities (Mgller, 2010b; Tryjanowski et al., 2017). By that
means, the earlier urbanized birds are losing the habitat present in urban
areas in the time when they colonised the cities, and therefore their
urban populations are declining. One of the groups of disappearing
urban birds might be species breeding on buildings. Ongoing modern-
isation of cities leads to fewer breeding opportunities for these species
(fewer cavities, new surfaces inhibiting the possibility of placing the
nest), and therefore these might suffer population declines (Rosin et al.,
2021). Another possible mechanism for disappearing of pre-industrial
urban birds could be the removal of the organic waste from the public
space, which served as a food source for many species with generalist
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diets, such as house sparrow (Bernat-Ponce et al., 2018). Finally, species
that colonized cities a long time ago may decline steeply after some of
their predators become urbanized (Tomialojc, 2021). We didn’t find any
support for interactions of TSU and other species traits. It is possible that
the environmental changes the early urban colonizers face are diverse
and not confined to a single or a few habitats.

RU showed an interaction with habitat niche position when more
urbanized open habitat species had more positive trends than more ur-
banized woodland habitat species, while open habitat species had more
negative trends than woodland habitat birds within less urbanized
species. This interaction remained significant (P = 0.039) even after
excluding waterbird species that typically breed in open habitats and
have recently increased their populations in European cities (Keller
et al., 2020). These results do not support our initial expectation that
expansion of urban tree cover (Nowak & Greenfield, 2020) will provide
opportunities for population increases of urbanized species breeding in
woody vegetation. It is possible that the recent greening of European
cities does not provide habitat of sufficient quality for breeding birds.
The habitat quality may be compromised by, for example, use of non-
native tree species for these purposes (Pysek, 1998) that often host
impoverished ecological communities (Hejda et al., 2017).

Another possible mechanism that may contribute to the absence of
the initially expected pattern is that the urban parks and gardens are
actually a mid-range habitat type that is more suitable for woodland
edge and generalist species. As a result, the data do not reveal a linear
relationship between habitat niche position, RU, and long-term popu-
lation trend. Additionally, the increase in less urbanized woodland birds
could be attributed to the maturing of urban forests and parks, leading to
the presence of different bird communities in less developed vegetation
areas (Fernandez-Juricic, 2000; Zawadzka et al., 2018). Finally,
improvement of population trends of woodland birds among less ur-
banized species likely mirrors general increases of woodland bird pop-
ulations in various European countries (Bowler et al., 2021; Ram et al.,
2017; Storch et al., 2023) that are linked to the amounts of forests or to
forest management (Reif et al., 2022; Schulze et al., 2019) and not to
factors acting in urban areas.

The difference in population trends between more and less urbanized
open habitat species is interesting and rather unexpected. We suggest
that this pattern is driven by agricultural intensification. Many studies
provide evidence for ongoing agricultural intensification in rural areas
across Europe negatively influencing biodiversity (Donald et al., 2006;
Reif & Hanzelka, 2020; Stoate et al., 2009), whereas urban areas do not
provide conditions for intensive agricultural use. At the same time,
urban areas offer suitable habitats for various open habitat species due
to the presence of brownfields and extensive sites under construction.
Consequently, European cities might harbour some species of open
landscape birds, which are often in decline in the European range due to
intensive agriculture (Donald et al., 2001; Reif & Vermouzek, 2019). In
our dataset, such conditions may be reflected by less negative trends in
more urbanized open habitat species (e.g., marsh warbler (Acrocephalus
palustris), greater whitethroat (Curruca communis)) than in less urban-
ized open habitat species (e.g., skylark (Alauda arvensis), yellow wagtail
(Motacilla flava)). Therefore, human settlements might act as refugia for
some open landscape birds (Fuller et al., 2009; Salek et al., 2018). In
addition, as the abundant population in rural areas is one of the pre-
requisites of successful colonisation of cities (Evans et al., 2010), we
suggest that the negative national population trends of open habitat
birds widely reported in the last decades (Burns et al., 2021; Flohre
etal., 2011; Gregory et al., 2019) may effectively hamper the progress of
their urbanization.

Most studies focusing on the use of different nest sites by urban birds
conclude that the ground breeding species are at a disadvantage
compared to birds breeding above the ground (Lakatos et al., 2022;
McMahon et al., 2020). This may happen due to frequent disturbance by
humans and their pets, as well as due to a higher risk of nest predation
from the side of predators associated with human settlements, such as
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beech marten or feral domestic cats (Dudus et al., 2014; Krauze-Gryz
et al., 2019). Surprisingly, we did not find support for this pattern.
Instead, the highly urbanized birds breeding on the ground had more
positive population trends than highly urbanized birds breeding in bush
or trees and buildings (Fig. 2). We offer several explanations for this
unexpected pattern. First, highly urbanized species should be able to
cope with the high human or predator pressure in cities which likely
persists for decades (e.g., mallard (Anas platyrhynchos)). From this
perspective, the absence of the negative population trends in ground
breeders is not that surprising because the species being vulnerable to
this kind of risk would simply not survive in urban areas, and such
species are most likely not urbanized at all. In contrast, species breeding
on buildings may greatly suffer from recent changes in building tech-
nologies — studies indicate that species such as barn swallow (Hirundo
rustica) or house martin cannot find suitable nest sites in cities (Balaji,
2014; Teglhgj, 2017). This adverse impact is likely to be particularly
strong in the highly urbanized species that do not have habitat alter-
natives. Also, the trees in urban parks and streets are carefully managed,
and the old branches and trees (often ones offering cavities) are
removed. This might lead to a reduced number of breeding opportunities
available and subsequently to higher inter-specific competition of native
and non-native bird species (Dodaro & Battisti, 2014). Second, another
mechanism underlying the observed pattern in trends might be the same
that we propose for the interaction between species’ position along the
woodland-open habitat gradient and relative urbanness, i.e., agricul-
tural intensification, when urban areas may act as refuges for the open-
habitat species (Cerny et al., 2020; Salek et al., 2004). As ground
breeding is often associated with a preference for open habitats (Minias
& Janiszewski, 2023; Storchova & Horak, 2018), ground breeders may
thrive in cities to avoid the impacts of agricultural intensification. Third,
the positive trends of highly urbanized ground breeders might also be
linked to positive trends in wetland birds that have exploited urban
areas successfully in the last decades (e.g., moorhen (Gallinula chlor-
opus), mute swan (Cygnus olor)), because breeding in wetlands typically
occurs on the ground (Storchova & Horak, 2018).

Our results highlight the importance of novel variables describing
species’ urbanization, namely its timing (TSU) and objectively measured
affinity to urban areas (RU). Despite their importance, previous studies
only rarely took them into account (Guetté et al., 2017; Mgller et al.,
2012). Their limited use by researchers was probably caused by prob-
lems in acquiring suitable data. For instance, in the case of TSU, the
historical ornithological literature containing information on the timing
of urbanization is difficult to access, often written in national languages.
In the case of RU, birds’ affinity to urban areas was traditionally
described by categorical variables (Blair, 1996; Kark et al., 2007; Pala-
cio, 2020) and the continuous measure of urbanization became only
recently available, even though it is expressed at the continental scale
only (Callaghan et al., 2019, 2020; Guetté et al., 2017). For future
studies, we recommend further use and elaboration of these urbaniza-
tion variables by, for example, obtaining more detailed information on
the timing of urbanization in the case of TSU and by regional-specific
expression of RU. As RU is based on artificial light at night, future use
of this measure may be compromised by recent efforts to reduce light
pollution in European cities (Ministry of the Environment of the Czech
Republic, 2022).

Even though the results of this study could be well explained by
factors acting within cities as well as outside city borders, they have to
be treated with caution. This is because using national population
trends, which are based on data not necessarily restricted to urban areas,
may inevitably be influenced by other mechanisms that act outside
urban areas and could not be included in our models. National trends are
frequently used for inferences about forest and farmland birds (see
Gregory et al., 2019) and we followed this approach here for urban
birds. However, in this case, the results should be interpreted with
caution because the species had shorter evolutionary time to adapt to
this environment, resulting in more generalist species occupying cities
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compared to the other habitats (Callaghan et al., 2019). This may
weaken the influence of urban environment on the national population
trend, particularly concerning less urbanized species whose populations
in some European countries include rural areas.

To our knowledge, our study is the first one that investigates drivers
of population trends for birds breeding in urban areas at large spatial
and temporal scales. For the future research, a more detailed approach
to establishing species’ population trends for specific environments, in
this case for the urban areas or even their specific types, would be highly
valued. Such studies may specifically focus on comparison of trends
between urban and rural areas of the same country or on spatial patterns
in trends across countries.

4.1. Conservation implications

Based on our results, we can formulate the following recommenda-
tions for conservation practice:

1. Although urban areas are considered a threat to biodiversity due to
their expansion, also the processes altering the habitats within city
boundaries can be important, as the decreasing trends of early urban
colonizers indicate. It seems that such species can no longer effi-
ciently exploit the opportunities provided by urban environments
and may become at risk because they do not have many alternative
habitats. Therefore, a thorough risk assessment for such species is
needed.

2. Population trends of highly urbanized woodland birds indicate that
the expansion of urban tree areas is not providing benefits for
biodiversity until now. If this applies to other taxa too, recent ini-
tiatives for the greening of the cities might become a lost opportu-
nity. Therefore, a deeper investigation of the suitability of woody
plant species for support of biodiversity is needed, and, at the very
least, native trees should be preferred.

3. Population trends of highly urbanized open habitat species are
encouraging, suggesting that urban areas may act as refuges for such
species. This underscores the importance of unbuilt open habitats
within city borders. They not only serve for the recreation of human
inhabitants and visitors, but also as habitats for biodiversity.
Therefore, the existence of such areas should be considered in urban
planning.

4. The effect of nest location on population trends of birds breeding in
urban areas indicates that species breeding higher above the ground
may suffer from the lack of breeding opportunities. It may be due to
the use of building materials that do not provide nest sites for birds.
Although it is unlikely to change it, conservation practice can miti-
gate the negative impacts by providing alternative nest sites such as
nest boxes.

5. Declaration of Generative Al and Al-assisted technologies in
the writing process

During the preparation of this work the authors used Grammarly
typing assistant to improve language and readability of the manuscript.
After using this tool, the authors reviewed and edited the content as
needed and take full responsibility for the content of the publication.

CRediT authorship contribution statement

Jan Griinwald: Writing — original draft, Visualization, Methodol-
ogy, Investigation, Formal analysis, Conceptualization. Ainars Aunins:
Writing — review & editing, Investigation. Mattia Brambilla: Writing —
review & editing, Investigation. Virginia Escandell: Writing — review &
editing, Investigation. Daniel Palm Eskildsen: Writing — review &
editing, Investigation. Tomasz Chodkiewicz: Writing — review & edit-
ing, Investigation. Benoit Fontaine: Writing - review & editing,
Investigation. Frédéric Jiguet: Writing - review & editing,

Ecological Indicators 160 (2024) 111926

Investigation. John Atle Kalas: Writing — review & editing, Investiga-
tion. Johannes Kamp: Writing — review & editing, Investigation. Alena
Klvanova: Writing — review & editing, Project administration, Data
curation. Lechostaw Kuczynski: Writing — review & editing, Investi-
gation. Aleksi Lehikoinen: Writing — review & editing, Investigation.
Ake Lindstrom: Writing — review & editing, Investigation. Renno
Nellis: Writing — review & editing, Investigation. Ingar Jostein Gien:
Writing — review & editing, Investigation. Eva Silarova: Writing — re-
view & editing, Project administration, Data curation. Nicolas Strebel:
Writing — review & editing, Investigation. Thomas Vikstrgm: Writing —
review & editing, Investigation. Petr Vorisek: Writing — review &
editing, Project administration, Data curation. Jifi Reif: Writing —
original draft, Supervision, Methodology, Conceptualization.

Declaration of competing interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Data availability

The data are shared in Supplementary Online Materials (Supple-
mentary Table S1), the code will be available on request.

Acknowledgements

We wish to thank all volunteers who counted birds in the field and
contributed to the PECBMS dataset. We are thankful to the PECBMS
coordinators 1. Hristov, C. Redel, H. Alonso, J. Teoddsio, P. Kmecl, L.
Lewis, A. Paquet and J. Ridzon for contributing to the data on time since
urbanization. The study was supported by the Charles University Grant
Agency (project no. 166423 to JG). The PECBMS has been funded by the
European Commission. We are grateful to M. Dinetti for his help with
bird urbanization dynamics in Italy. The Norwegian common breeding
bird monitoring was financed by the Norwegian Environment Agency
and the Ministry of Climate and Environment.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.ecolind.2024.111926.

References

Andrade, R., Bateman, H.L., Franklin, J., Allen, D., 2018. Waterbird community
composition, abundance, and diversity along an urban gradient. Landsc. Urban Plan.
170, 103-111. https://doi.org/10.1016/j.landurbplan.2017.11.003.

Atwell, J.W., Cardoso, G.C., Whittaker, D.J., Campbell-Nelson, S., Robertson, K.W.,
Ketterson, E.D., 2012. Boldness behavior and stress physiology in a novel urban
environment suggest rapid correlated evolutionary adaptation. Behav. Ecol. 23 (5),
960-969. https://doi.org/10.1093/beheco/ars059.

Balaji, S., 2014. Artificial nest box for house sparrow: an apt method to save the
dwindling species in an urban environment. International Journal of Biodiversity
and Conservation 6 (3), 194-198.

Barton, K. (2022). MuMIn: Multi-Model Inference (1.46.0). https://CRAN.R-project.org/
package=MuMIn.

Bea, A., Svazas, S., Grishanov, G., Kozulin, A., Stanevicius, V., Astafieva, T., Olano, 1.,
Raudonikis, L., Butkauskas, D., Sruoga, A., 2011. Woodland and urban populations
of the woodpigeon Columba palumbus in the eastern Baltic region. Ardeola 58 (2),
315-321. https://doi.org/10.13157 /arla.58.2.2011.315.

Begon, M., Harper, J.L., Townsend, C.R., 1986. Ecology. individuals, populations and
communities. Blackwell scientific publications.

Bernat-Ponce, E., Gil-Delgado, J.A., Guijarro, D., 2018. Factors affecting the abundance
of house Sparrows Passer domesticus in urban areas of southeast of Spain. Bird Study
65 (3), 404-416. https://doi.org/10.1080/00063657.2018.1518403.

Bibby, C.J., Burgess, N.D., Hillis, D.M., Hill, D.A., Mustoe, S., 2000. Bird census
techniques. Elsevier.

S.M. Billerman B.K. Keeney P.G. Rodewald T.S. Schulenberg . &, Birds of the World 2020
Cornell Laboratory of Ornithology Ithaca, NY, USA https://birdsoftheworld.org/
bow/home.


https://doi.org/10.1016/j.ecolind.2024.111926
https://doi.org/10.1016/j.ecolind.2024.111926
https://doi.org/10.1016/j.landurbplan.2017.11.003
https://doi.org/10.1093/beheco/ars059
http://refhub.elsevier.com/S1470-160X(24)00383-2/h0015
http://refhub.elsevier.com/S1470-160X(24)00383-2/h0015
http://refhub.elsevier.com/S1470-160X(24)00383-2/h0015
https://doi.org/10.13157/arla.58.2.2011.315
http://refhub.elsevier.com/S1470-160X(24)00383-2/h0030
http://refhub.elsevier.com/S1470-160X(24)00383-2/h0030
https://doi.org/10.1080/00063657.2018.1518403
http://refhub.elsevier.com/S1470-160X(24)00383-2/h0040
http://refhub.elsevier.com/S1470-160X(24)00383-2/h0040

J. Griinwald et al.

Blair, R.B., 1996. Land use and avian species diversity along an urban gradient. Ecol.
Appl. 6 (2), 506-519. https://doi.org/10.2307/2269387.

Bogaart, P., Loo, M. van der, & Pannekoek, J. (2020). rtrim: Trends and Indices for
Monitoring Data (2.1.1). https://CRAN.R-project.org/package=rtrim.

Bornstein, R.D., 1968. Observations of the urban Heat Island effect in New York City.
J. Appl. Meteorol. 7 (4), 575-582. https://doi.org/10.1175/1520-0450(1968)
007<0575:00TUHI>2.0.CO;2.

Bowler, D., Richter, R.L., Eskildsen, D., Kamp, J., Moshgj, C.M., Reif, J., Strebel, N.,
Trautmann, S., Vorisek, P., 2021. Geographic variation in the population trends of
common breeding birds across central Europe. Basic Appl. Ecol. 56, 72-84. https://
doi.org/10.1016/j.baae.2021.07.004.

Brlik, V., Silarova, E., Skorpilov4, J., Alonso, H., Anton, M., Aunins, A., Benko, Z.,
Biver, G., Busch, M., Chodkiewicz, T., Chylarecki, P., Coombes, D., de Carli, E., del
Moral, J.C., Derouaux, A., Escandell, V., Eskildsen, D.P., Fontaine, B., Foppen, R.P.
B., Klvanovd, A., 2021. Long-term and large-scale multispecies dataset tracking
population changes of common european breeding birds. Sci. Data 8(1), Article 1.
https://doi.org/10.1038/5s41597-021-00804-2.

Burns, F., Eaton, M.A., Burfield, I.J., Klvanov4, A., Silarova, E., Staneva, A., Gregory, R.
D., 2021. Abundance decline in the avifauna of the European Union reveals cross-
continental similarities in biodiversity change. Ecol. Evol. 11 (23), 16647-16660.
https://doi.org/10.1002/ece3.8282.

Callaghan, C.T., Major, R.E., Wilshire, J.H., Martin, J.M., Kingsford, R.T., Cornwell, W.
K., 2019. Generalists are the most urban-tolerant of birds: a phylogenetically
controlled analysis of ecological and life history traits using a novel continuous
measure of bird responses to urbanization. Oikos 128 (6), 845-858. https://doi.org/
10.1111/0ik.06158.

Callaghan, C.T., Benedetti, Y., Wilshire, J.H., Morelli, F., 2020. Avian trait specialization
is negatively associated with urban tolerance. Oikos 129 (10), 1541-1551. https://
doi.org/10.1111/0ik.07356.

Callaghan, C.T., Sayol, F., Benedetti, Y., Morelli, F., Sol, D., 2021. Validation of a
globally-applicable method to measure urban tolerance of birds using citizen science
data. Ecol. Ind. 120, 106905 https://doi.org/10.1016/j.ecolind.2020.106905.

Carrus, G., Scopelliti, M., Lafortezza, R., Colangelo, G., Ferrini, F., Salbitano, F.,
Agrimi, M., Portoghesi, L., Semenzato, P., Sanesi, G., 2015. Go greener, feel better?
the positive effects of biodiversity on the well-being of individuals visiting urban and
peri-urban green areas. Landsc. Urban Plan. 134, 221-228. https://doi.org/
10.1016/j.landurbplan.2014.10.022.

Castaneda, 1., Bellard, C., Jari¢, L., Pisanu, B., Chapuis, J.-L., Bonnaud, E., 2019. Trophic
patterns and home-range size of two generalist urban carnivores: a review. J. Zool.
307 (2), 79-92. https://doi.org/10.1111/jz0.12623.

Cerny, M., Rymesové, D., Salek, M., 2020. Habitat scarcity forms an ecological trap for
the grey partridge (Perdix perdix) within a central european agricultural landscape.
Eur. J. Wildl. Res. 66 (5), 83. https://doi.org/10.1007/510344-020-01422-w.

Clergeau, P., Croci, S., Jokimaki, J., Kaisanlahti-Jokimaki, M.-L., Dinetti, M., 2006.
Avifauna homogenisation by urbanisation: analysis at different european latitudes.
Biol. Conserv. 127 (3), 336-344. https://doi.org/10.1016/j.biocon.2005.06.035.

Cuervo, J.J., Mgller, A.P., 2020. Demographic, ecological, and life-history traits
associated with bird population response to landscape fragmentation in Europe.
Landsc. Ecol. 35 (2), 469-481. https://doi.org/10.1007/510980-019-00959-9.

Dodaro, G., & Battisti, C. (2014). Rose-ringed parakeet (Psittacula krameri) and starling
(Sturnus vulgaris) syntopics in a Mediterranean urban park: Evidence for
competition in nest-site selection? Belgian Journal of Zoology, 144(1), Article 1.
https://doi.org/10.26496/bjz.2014.61.

Donald, P. F., Green, R. E., & Heath, M. F. (2001). Agricultural intensification and the
collapse of Europe’s farmland bird populations. Proceedings of the Royal Society of
London. Series B: Biological Sciences, 268(1462), 25-29. https://doi.org/10.1098/
rspb.2000.1325.

Donald, P.F., Sanderson, F.J., Burfield, I.J., van Bommel, F.P.J., 2006. Further evidence
of continent-wide impacts of agricultural intensification on european farmland birds,
1990-2000. Agr Ecosyst Environ 116 (3), 189-196. https://doi.org/10.1016/j.
agee.2006.02.007.

Dormann, C.F., Elith, J., Bacher, S., Buchmann, C., Carl, G., Carré, G., Marquéz, J.R.G.,
Gruber, B., Lafourcade, B., Leitao, P.J., Miinkemiiller, T., McClean, C., Osborne, P.E.,
Reineking, B., Schroder, B., Skidmore, A.K., Zurell, D., Lautenbach, S., 2013.
Collinearity: a review of methods to deal with it and a simulation study evaluating
their performance. Ecography 36 (1), 27-46. https://doi.org/10.1111/j.1600-
0587.2012.07348.x.

Dudus, L., Zalewski, A., Koziot, O., Jakubiec, Z., Krdl, N., 2014. Habitat selection by two
predators in an urban area: the stone marten and red fox in Wroctaw (SW Poland).
Mamm. Biol. 79 (1), 71-76. https://doi.org/10.1016/j.mambio.2013.08.001.

Evans, K.L., Hatchwell, B.J., Parnell, M., Gaston, K.J., 2010. A conceptual framework for
the colonisation of urban areas: the blackbird Turdus merula as a case study. Biol.
Rev., No-No. https://doi.org/10.1111/7.1469-185X.2010.00121.x.

Evans, K.L., Chamberlain, D.E., Hatchwell, B.J., Gregory, R.D., Gaston, K.J., 2011. What
makes an urban bird? Glob. Chang. Biol. 17 (1), 32-44.

Fernandez-Juricic, E., 2002. Can human disturbance promote nestedness? a case study
with breeding birds in urban habitat fragments. Oecologia 131 (2), 269-278.
https://doi.org/10.1007/500442-002-0883-y.

Fischer, J.D., Cleeton, S.H., Lyons, T.P., Miller, J.R., 2012. Urbanization and the
predation Paradox: the role of trophic dynamics in structuring vertebrate
communities. Bioscience 62 (9), 809-818. https://doi.org/10.1525/
bio.2012.62.9.6.

Flohre, A., Fischer, C., Aavik, T., Bengtsson, J., Berendse, F., Bommarco, R.,

Ceryngier, P., Clement, L.W., Dennis, C., Eggers, S., Emmerson, M., Geiger, F.,
Guerrero, 1., Hawro, V., Inchausti, P., Liira, J., Morales, M.B., Onate, J.J., Part, T.,
Tscharntke, T., 2011. Agricultural intensification and biodiversity partitioning in

Ecological Indicators 160 (2024) 111926

european landscapes comparing plants, carabids, and birds. Ecol. Appl. 21 (5),
1772-1781. https://doi.org/10.1890/10-0645.1.

Fuller, R.A., Tratalos, J., Gaston, K.J., 2009. How many birds are there in a city of half a
million people? Divers. Distrib. 15 (2), 328-337. https://doi.org/10.1111/j.1472-
4642.2008.00537 .x.

Gallo, T., Fidino, M., Lehrer, E.W., Magle, S.B., 2017. Mammal diversity and
metacommunity dynamics in urban green spaces: implications for urban wildlife
conservation. Ecol. Appl. 27 (8), 2330-2341. https://doi.org/10.1002/eap.1611.

Gamero, A., Brotons, L., Brunner, A., Foppen, R., Fornasari, L., Gregory, R.D.,
Herrando, S., Hordk, D., Jiguet, F., Kmecl, P., Lehikoinen, A., Lindstrom, A,
Paquet, J.-Y., Reif, J., Sirki, P.M., Skorpilova, J., van Strien, A., Szép, T.,
Telensky, T., Vorisek, P., 2017. Tracking Progress Toward EU biodiversity strategy
Targets: EU policy effects in preserving its common Farmland birds. Conserv. Lett. 10
(4), 395-402. https://doi.org/10.1111/conl.12292.

Gregory, R.D., Skorpilova, J., Vorisek, P., Butler, S., 2019. An analysis of trends,
uncertainty and species selection shows contrasting trends of widespread forest and
farmland birds in Europe. Ecol. Ind. 103, 676-687. https://doi.org/10.1016/].
ecolind.2019.04.064.

Guetté, A., Gaiizere, P., Devictor, V., Jiguet, F., Godet, L., 2017. Measuring the
synanthropy of species and communities to monitor the effects of urbanization on
biodiversity. Ecol. Ind. 79, 139-154. https://doi.org/10.1016/j.
ecolind.2017.04.018.

Hanzelka, J., Horkd, P., Reif, J., 2019. Spatial gradients in country-level population
trends of european birds. Divers. Distrib. 25 (10), 1527-1536. https://doi.org/
10.1111/ddi.12945.

Hartig, F., Hartig, M.F., 2017. Package ‘DHARMa’. R Development Core Team, Vienna,
Austria.

Hassall, C., 2014. The ecology and biodiversity of urban ponds. WIREs Water 1 (2),
187-206. https://doi.org/10.1002/wat2.1014.

Hejda, M., Hanzelka, J., Kadlec, T., Strobl, M., Pysek, P., Reif, J., 2017. Impacts of an
invasive tree across trophic levels: species richness, community composition and
resident species’ traits. Divers. Distrib. 23 (9), 997-1007. https://doi.org/10.1111/
ddi.12596.

Jiguet, F., Gregory, R.D., Devictor, V., Green, R.E., Vofisek, P., Van Strien, A., Couvet, D.,
2010. Population trends of european common birds are predicted by characteristics
of their climatic niche. Glob. Chang. Biol. 16 (2), 497-505. https://doi.org/10.1111/
j.1365-2486.2009.01963.x.

Jokimaki, J., Suhonen, J., Jokimaki-Kaisanlahti, M.-L., Carb6-Ramirez, P., 2016. Effects
of urbanization on breeding birds in european towns: impacts of species traits. Urban
Ecosystems 19 (4), 1565-1577. https://doi.org/10.1007/s11252-014-0423-7.

Kark, S., Iwaniuk, A., Schalimtzek, A., Banker, E., 2007. Living in the city: can anyone
become an ‘urban exploiter’? J. Biogeogr. 34 (4), 638-651. https://doi.org/
10.1111/j.1365-2699.2006.01638.x.

Kaarina Kauhala, Kati Talvitie, and Timo Vuorisalo “Free-ranging house cats in urban
and rural areas in the north: useful rodent killers or harmful bird predators?,” Folia
Zoologica 64(1), 45-55, (1 May 2015). https://doi-org.ezproxy.is.cuni.cz/10.25225/
fozo.v64.i1.26.2015.

Keller, V., Herrando, S., Vorisek, P., Franch, M., Kipson, M., Milanesi, P., Marti, D.,
Anton, M., Klvanova, A., Kalyakin, M., 2020. European breeding bird atlas 2.
Distribution, Abundance and Change.

Kolecek, J., Schleuning, M., Burfield, 1.J., Baldi, A., Bohning-Gaese, K., Devictor, V.,
Fernandez-Garcia, J.M., Hoték, D., Van Turnhout, C.A.M., Hnatyna, O., Reif, J.,
2014. Birds protected by national legislation show improved population trends in
Eastern Europe. Biol. Conserv. 172, 109-116. https://doi.org/10.1016/j.
biocon.2014.02.029.

Krauze-Gryz, D., Gryz, J., Zmihorski, M., 2019. Cats kill millions of vertebrates in polish
farmland annually. Global Ecol. Conserv. 17, e00516.

Laaksonen, T., Lehikoinen, A., 2013. Population trends in boreal birds: continuing
declines in agricultural, northern, and long-distance migrant species. Biol. Conserv.
168, 99-107. https://doi.org/10.1016/j.biocon.2013.09.007.

Lakatos, T., Chamberlain, D.E., Garamszegi, L.Z., Batary, P., 2022. No place for ground-
dwellers in cities: a meta-analysis on bird functional traits. Global Ecol. Conserv. 38,
e02217.

Lepczyk, C.A., Aronson, M.F.J., Evans, K.L., Goddard, M.A., Lerman, S.B., Maclvor, J.S.,
2017. Biodiversity in the City: fundamental questions for understanding the ecology
of urban green spaces for biodiversity conservation. Bioscience 67 (9), 799-807.
https://doi.org/10.1093/biosci/bix079.

Lizée, M.-H., Mauffrey, J.-F., Tatoni, T., Deschamps-Cottin, M., 2011. Monitoring urban
environments on the basis of biological traits. Ecol. Ind. 11 (2), 353-361. https://
doi.org/10.1016/j.ecolind.2010.06.003.

Liidecke, D., Ben-Shachar, M.S., Patil, 1., Waggoner, P., Makowski, D., 2021.
performance: an R package for assessment, comparison and testing of statistical
models. Journal of Open Source Software 6 (60).

Magnusson, A., Skaug, H., Nielsen, A., Berg, C., Kristensen, K., Maechler, M., Bentham, K.
van, Bolker, B., Sadat, N., Liidecke, D., Lenth, R., O’Brien, J., Geyer, C. J.,
McGillycuddy, M., & Brooks, M. (2021). glmmTMB: Generalized Linear Mixed Models
using Template Model Builder (1.1.2.3). https://CRAN.R-project.org/
package=glmmTMB.

Mancini, L., Formichetti, P., D’Angelo, A.M., Pierdominici, E., Sorace, A., Bottoni, P.,
Taconelli, M., Ferrari, C., Tancioni, L., Rossi, N., Rossi, A., 2005. Freshwater quality
in urban areas: a case study from Rome, Italy. Microchem. J. 79 (1), Article 1.
https://doi.org/10.1016/j.microc.2004.08.009.

Marcacci, G., Westphal, C., Wenzel, A., Raj, V., Nolke, N., Tscharntke, T., Grass, L., 2021.
Taxonomic and functional homogenization of farmland birds along an urbanization
gradient in a tropical megacity. Glob. Chang. Biol. 27 (20), 4980-4994. https://doi.
org/10.1111/gcb.15755.


https://doi.org/10.2307/2269387
https://doi.org/10.1175/1520-0450(1968)007<0575:OOTUHI>2.0.CO;2
https://doi.org/10.1175/1520-0450(1968)007<0575:OOTUHI>2.0.CO;2
https://doi.org/10.1016/j.baae.2021.07.004
https://doi.org/10.1016/j.baae.2021.07.004
https://doi.org/10.1038/s41597-021-00804-2
https://doi.org/10.1002/ece3.8282
https://doi.org/10.1111/oik.06158
https://doi.org/10.1111/oik.06158
https://doi.org/10.1111/oik.07356
https://doi.org/10.1111/oik.07356
https://doi.org/10.1016/j.ecolind.2020.106905
https://doi.org/10.1016/j.landurbplan.2014.10.022
https://doi.org/10.1016/j.landurbplan.2014.10.022
https://doi.org/10.1111/jzo.12623
https://doi.org/10.1007/s10344-020-01422-w
https://doi.org/10.1016/j.biocon.2005.06.035
https://doi.org/10.1007/s10980-019-00959-9
https://doi.org/10.1016/j.agee.2006.02.007
https://doi.org/10.1016/j.agee.2006.02.007
https://doi.org/10.1111/j.1600-0587.2012.07348.x
https://doi.org/10.1111/j.1600-0587.2012.07348.x
https://doi.org/10.1016/j.mambio.2013.08.001
https://doi.org/10.1111/j.1469-185X.2010.00121.x
http://refhub.elsevier.com/S1470-160X(24)00383-2/h0150
http://refhub.elsevier.com/S1470-160X(24)00383-2/h0150
https://doi.org/10.1007/s00442-002-0883-y
https://doi.org/10.1525/bio.2012.62.9.6
https://doi.org/10.1525/bio.2012.62.9.6
https://doi.org/10.1890/10-0645.1
https://doi.org/10.1111/j.1472-4642.2008.00537.x
https://doi.org/10.1111/j.1472-4642.2008.00537.x
https://doi.org/10.1002/eap.1611
https://doi.org/10.1111/conl.12292
https://doi.org/10.1016/j.ecolind.2019.04.064
https://doi.org/10.1016/j.ecolind.2019.04.064
https://doi.org/10.1016/j.ecolind.2017.04.018
https://doi.org/10.1016/j.ecolind.2017.04.018
https://doi.org/10.1111/ddi.12945
https://doi.org/10.1111/ddi.12945
http://refhub.elsevier.com/S1470-160X(24)00383-2/h0200
http://refhub.elsevier.com/S1470-160X(24)00383-2/h0200
https://doi.org/10.1002/wat2.1014
https://doi.org/10.1111/ddi.12596
https://doi.org/10.1111/ddi.12596
https://doi.org/10.1111/j.1365-2486.2009.01963.x
https://doi.org/10.1111/j.1365-2486.2009.01963.x
https://doi.org/10.1007/s11252-014-0423-7
https://doi.org/10.1111/j.1365-2699.2006.01638.x
https://doi.org/10.1111/j.1365-2699.2006.01638.x
http://refhub.elsevier.com/S1470-160X(24)00383-2/h0235
http://refhub.elsevier.com/S1470-160X(24)00383-2/h0235
http://refhub.elsevier.com/S1470-160X(24)00383-2/h0235
https://doi.org/10.1016/j.biocon.2014.02.029
https://doi.org/10.1016/j.biocon.2014.02.029
http://refhub.elsevier.com/S1470-160X(24)00383-2/h0245
http://refhub.elsevier.com/S1470-160X(24)00383-2/h0245
https://doi.org/10.1016/j.biocon.2013.09.007
http://refhub.elsevier.com/S1470-160X(24)00383-2/h0255
http://refhub.elsevier.com/S1470-160X(24)00383-2/h0255
http://refhub.elsevier.com/S1470-160X(24)00383-2/h0255
https://doi.org/10.1093/biosci/bix079
https://doi.org/10.1016/j.ecolind.2010.06.003
https://doi.org/10.1016/j.ecolind.2010.06.003
http://refhub.elsevier.com/S1470-160X(24)00383-2/h0270
http://refhub.elsevier.com/S1470-160X(24)00383-2/h0270
http://refhub.elsevier.com/S1470-160X(24)00383-2/h0270
https://doi.org/10.1016/j.microc.2004.08.009
https://doi.org/10.1111/gcb.15755
https://doi.org/10.1111/gcb.15755

J. Griinwald et al.

Massa, B., La Mantia, T., 2010. The decline of ground-nesting birds in the agrarian
landscape of Italy. Revue D’écologie.

McKinney, M.L., 2002. Urbanization, biodiversity, and ConservationThe impacts of
urbanization on native species are poorly studied, but educating a highly urbanized
human population about these impacts can greatly improve species conservation in
all ecosystems. Bioscience 52 (10), 883-890.

McKinney, M.L., Lockwood, J.L., 1999. Biotic homogenization: a few winners replacing
many losers in the next mass extinction. Trends Ecol. Evol. 14 (11), 450-453.
https://doi.org/10.1016/50169-5347(99)01679-1.

McMahon, B.J., Doyle, S., Gray, A., Kelly, S.B.A., Redpath, S.M., 2020. European bird
declines: do we need to rethink approaches to the management of abundant
generalist predators? J. Appl. Ecol. 57 (10), 1885-1890. https://doi.org/10.1111/
1365-2664.13695.

Minias, P., Janiszewski, T., 2023. Ground nesting in passerine birds: evolution,
biogeography and life history correlates. Oikos 2023 (6), e09870.

Ministry of the Environment of the Czech Republic, 2022. Light pollution reduction
measures in Europe. Ministry of the Environment of the Czech Republic. https
://www.mzp.cz/C1257458002F0DC7/cz/news_20221027/$FILE/Light_poll
ution_reduction_measures.pdf.

Mgller, A.P., 2008. Flight distance of urban birds, predation, and selection for urban life.
Behav. Ecol. Sociobiol. 63 (1), 63-75. https://doi.org/10.1007/s00265-008-0636-y.

Mgller, A.P., 2010a. Interspecific variation in fear responses predicts urbanization in
birds. Behav. Ecol. 21 (2), 365-371. https://doi.org/10.1093/beheco/arp199.

Mpgller, A.P., 2010b. The fitness benefit of association with humans: elevated success of
birds breeding indoors. Behav. Ecol. 21 (5), 913-918. https://doi.org/10.1093/
beheco/arq079.

Moller, A.P., Diaz, M., Flensted-Jensen, E., Grim, T., Ibafiez-Alamo, J.D., Jokimaki, J.,
Mand, R., Marké, G., Tryjanowski, P., 2012. High urban population density of birds
reflects their timing of urbanization. Oecologia 170 (3), 867-875. https://doi.org/
10.1007/500442-012-2355-3.

Mgller, A.P., Jokimaki, J., Skorka, P., Tryjanowski, P., 2014. Loss of migration and
urbanization in birds: a case study of the blackbird (Turdus merula). Oecologia 175
(3), 1019-1027. https://doi.org/10.1007/500442-014-2953-3.

Nowak, D.J., Greenfield, E.J., 2020. The increase of impervious cover and decrease of
tree cover within urban areas globally (2012-2017). Urban For. Urban Green. 49,
126638 https://doi.org/10.1016/j.ufug.2020.126638.

Oertli, B., Parris, K.M., 2019. Review: Toward management of urban ponds for
freshwater biodiversity. Ecosphere 10 (7), Article 7. https://doi.org/10.1002/
ecs2.2810.

Oksanen, J., Kindt, R., Legendre, P., O’Hara, B., Stevens, M.H.H., Oksanen, M.J.,
Suggests, M., 2007. The Vegan Package. Community Ecology Package 10 (631-637),
719.

Palacio, F.X., 2020. Urban exploiters have broader dietary niches than urban avoiders.
Ibis 162 (1), 42-49. https://doi.org/10.1111/ibi.12732.

Pysek, P., 1998. Alien and native species in central european urban floras: a quantitative
comparison. J. Biogeogr. 25 (1), 155-163. https://doi.org/10.1046/1.1365-
2699.1998.251177 .x.

R Core Team, 2020. R: a language and environment for statistical computing. R
Foundation for Statistical Computing, Vienna, Austria https://www.R-project.org/.

Ram, D., Axelsson, A.-L., Green, M., Smith, H.G., Lindstrom, 1?\., 2017. What drives
current population trends in forest birds — forest quantity, quality or climate? a large-
scale analysis from northern Europe. For. Ecol. Manage. 385, 177-188. https://doi.
0rg/10.1016/j.foreco.2016.11.013.

Reif, J., Hanzelka, J., 2020. Continent-wide gradients in open-habitat insectivorous bird
declines track spatial patterns in agricultural intensity across Europe. Glob. Ecol.
Biogeogr. 29 (11), 1988-2013. https://doi.org/10.1111/geb.13170.

Reif, J., Jechumtal Skalovd, A., Vermouzek, Z., Vofisek, P., 2022. Long-term trends in
forest bird populations reflect management changes in central european forests.
Ecol. Ind. 141, 109137 https://doi.org/10.1016/j.ecolind.2022.109137.

Reif, J., Kolecek, J., Morelli, F., Benedetti, Y., 2023. Population trends of ground-nesting
birds indicate increasing environmental impacts from eastern to Western Europe:
different patterns for open-habitat and woodland species. Frontiers in environmental.
Science 11. https://www.frontiersin.org/articles/10.3389/fenvs.2023.1156360.

Reif, J., Vermouzek, Z., 2019. Collapse of farmland bird populations in an eastern
european country following its EU accession. Conserv. Lett. 12 (1), e12585.

Richards, D.R., Belcher, R.N., 2020. Global changes in urban vegetation cover. Remote
Sens. (Basel) 12 (1), Article 1. https://doi.org/10.3390/rs12010023.

Roshnath, R., Athira, K., Sinu, P.A., 2019. Does predation pressure drive heronry birds to
nest in the urban landscape? J. Asia-Pac. Biodivers. 12 (2), 311-315. https://doi.
0rg/10.1016/j.japb.2019.02.007.

Rosin, Z.M., Part, T., Low, M., Kotowska, D., Tobolka, M., Szymanski, P., Hiron, M.,
2021. Village modernization may contribute more to farmland bird declines than
agricultural intensification. Conserv. Lett. 14 (6), e12843.

Ruas, R. de B., Costa, L. M. S., & Bered, F. (2022). Urbanization driving changes in plant
species and communities — A global view. Global Ecology and Conservation, 38,
e02243. https://doi.org/10.1016/j.gecco.2022.e02243.

Rutz, C., 2008. The establishment of an urban bird population. J. Anim. Ecol. 77 (5),
1008-1019. https://doi.org/10.1111/j.1365-2656.2008.01420.x.

Ecological Indicators 160 (2024) 111926

Sachanowicz, K., Ciechanowski, M., Tryjanowski, P., Kosicki, J.Z., 2019. Wintering range
of Pipistrellus nathusii (chiroptera) in Central Europe: has the species extended to
the north-east using urban heat islands? Mammalia 83 (3), 260-271. https://doi.
org/10.1515/mammalia-2018-0014.

Saito, M.U., Koike, F., 2015. Trait-dependent changes in assemblages of mid-sized and
large mammals along an asian urban gradient. Acta Oecol. 67, 34-39. https://doi.
org/10.1016/j.actao.2015.06.002.

Sélek, M., Marhoul, P., Pintif, J., Kopecky, T., Slaby, L., 2004. Importance of unmanaged
wasteland patches for the grey partridge Perdix perdix in suburban habitats. Acta
Oecol. 25 (1), 23-33. https://doi.org/10.1016/j.actao.2003.10.003.

Sélek, M., Bazant, M., Zmihorski, M., 2018. Active farmsteads are year-round strongholds
for farmland birds. J. Appl. Ecol. 55 (4), 1908-1918. https://doi.org/10.1111/1365-
2664.13093.

Schulze, E.D., Craven, D., Durso, A.M., Reif, J., Guderle, M., Kroiher, F., Hennig, P.,
Weiserbs, A., Schall, P., Ammer, C., 2019. Positive association between forest
management, environmental change, and forest bird abundance. Forest Ecosystems
6, 1-12.

Sol, D., Gonzalez-Lagos, C., Moreira, D., Maspons, J., Lapiedra, O., 2014. Urbanisation
tolerance and the loss of avian diversity. Ecol. Lett. 17 (8), 942-950. https://doi.org/
10.1111/ele.12297.

Sol, D., Bartomeus, 1., Gonzalez-Lagos, C., Pavoine, S., 2017. Urbanisation and the loss of
phylogenetic diversity in birds. Ecol. Lett. 20 (6), 721-729. https://doi.org/
10.1111/ele.12769.

Stoate, C., Béldi, A., Beja, P., Boatman, N.D., Herzon, 1., van Doorn, A., de Snoo, G.R.,
Rakosy, L., Ramwell, C., 2009. Ecological impacts of early 21st century agricultural
change in Europe — a review. J. Environ. Manage. 91 (1), 22-46. https://doi.org/
10.1016/j.jenvman.2009.07.005.

Storch, D., Kolecek, J., Keil, P., Vermouzek, Z., Vorisek, P., Reif, J., 2023. Decomposing
trends in bird populations: climate, life histories and habitat affect different aspects
of population change. Divers. Distrib. 29 (4), 572-585. https://doi.org/10.1111/
ddi.13682.

Storchova, L., Hofdk, D., 2018. Life-history characteristics of european birds. Glob. Ecol.
Biogeogr. 27 (4), 400-406. https://doi.org/10.1111/geb.12709.

Sutherland, W.J., 2006. Ecological census techniques: a handbook. Cambridge University
Press.

Symonds, M.R., Weston, M.A., Van Dongen, W.F., Lill, A., Robinson, R.W., Guay, P.-J.,
2016. Time since urbanization but not encephalisation is associated with increased
tolerance of human proximity in birds. In: Frontiers in Ecology and Evolution,

p. 117.

Teglhgj, P.G., 2017. A comparative study of insect abundance and reproductive success
of barn swallows Hirundo rustica in two urban habitats. J. Avian Biol. 48 (6),
846-853. https://doi.org/10.1111/jav.01086.

Tomasevic, J.A., Marzluff, J.M., 2017. Cavity nesting birds along an urban-wildland
gradient: is human facilitation structuring the bird community? Urban Ecosystems
20 (2), 435-448. https://doi.org/10.1007/511252-016-0605-6.

Tomialoj¢, L., 2021. Impact of Nest predators on migratory woodpigeons Columba
palumbus in Central Europe—Breeding densities and nesting success in urban versus
natural habitats. Acta Ornithologica 55 (2), 139-154. https://doi.org/10.3161/
00016454A02020.55.2.001.

Trentanovi, G., von der Lippe, M., Sitzia, T., Ziechmann, U., Kowarik, I., Cierjacks, A.,
2013. Biotic homogenization at the community scale: disentangling the roles of
urbanization and plant invasion. Divers. Distrib. 19 (7), 738-748. https://doi.org/
10.1111/ddi.12028.

Tryjanowski, P., Morelli, F., Mikula, P., Kristin, A., Indykiewicz, P., Grzywaczewski, G.,
Kronenberg, J., Jerzak, L., 2017. Bird diversity in urban green space: a large-scale
analysis of differences between parks and cemeteries in Central Europe. Urban For.
Urban Green. 27, 264-271. https://doi.org/10.1016/j.ufug.2017.08.014.

United Nations, 2018. World urbanization prospects: the 2018 revision. United Nations,
Department of Economic and Social Affairs, Population Division https://population.
un.org/.

Vallet, J., Daniel, H., Beaujouan, V., Rozé, F., Pavoine, S., 2010. Using biological traits to
assess how urbanization filters plant species of small woodlands. Appl. Veg. Sci. 13
(4), 412-424. https://doi.org/10.1111/j.1654-109X.2010.01087 .x.

van Strien, A.J., Pannekoek, J., Gibbons, D.W., 2001. Indexing european bird population
trends using results of national monitoring schemes: a trial of a new method. Bird
Study 48 (2), 200-213. https://doi.org/10.1080/00063650109461219.

Velasco, E., Roth, M., Norford, L., Molina, L.T., 2016. Does urban vegetation enhance
carbon sequestration? Landsc. Urban Plan. 148, 99-107. https://doi.org/10.1016/j.
landurbplan.2015.12.003.

Vélova, L., Véle, A., Peltanova, A., Safafova, L., Menendéz, R., Hordk, J., 2023. High-,
medium-, and low-dispersal animal taxa communities in fragmented urban
grasslands. Ecosphere 14 (2), e4441.

Villalobos-Jiménez, G., Dunn, A.M., Hassall, C., 2016. Dragonflies and damselflies
(odonata) in urban ecosystems: a review. EJE 113 (1). https://doi.org/10.14411/
€je.2016.027. Article 1.

Zawadzka, D., Drozdowski, S., Zawadzki, G., Zawadzki, J., Mikitiuk, A., 2018.
Importance of old Forest stands for diversity of birds in managed pine forests — a case
Study from Augustéw Forest (NE Poland). Pol. J. Ecol. 66 (2), 162-181. https://doi.
org/10.3161/15052249PJE2018.66.2.007.


http://refhub.elsevier.com/S1470-160X(24)00383-2/h0290
http://refhub.elsevier.com/S1470-160X(24)00383-2/h0290
http://refhub.elsevier.com/S1470-160X(24)00383-2/h0295
http://refhub.elsevier.com/S1470-160X(24)00383-2/h0295
http://refhub.elsevier.com/S1470-160X(24)00383-2/h0295
http://refhub.elsevier.com/S1470-160X(24)00383-2/h0295
https://doi.org/10.1016/S0169-5347(99)01679-1
https://doi.org/10.1111/1365-2664.13695
https://doi.org/10.1111/1365-2664.13695
http://refhub.elsevier.com/S1470-160X(24)00383-2/h0310
http://refhub.elsevier.com/S1470-160X(24)00383-2/h0310
https://www.mzp.cz/C1257458002F0DC7/cz/news_20221027/%24FILE/Light_pollution_reduction_measures.pdf
https://www.mzp.cz/C1257458002F0DC7/cz/news_20221027/%24FILE/Light_pollution_reduction_measures.pdf
https://www.mzp.cz/C1257458002F0DC7/cz/news_20221027/%24FILE/Light_pollution_reduction_measures.pdf
https://doi.org/10.1007/s00265-008-0636-y
https://doi.org/10.1093/beheco/arp199
https://doi.org/10.1093/beheco/arq079
https://doi.org/10.1093/beheco/arq079
https://doi.org/10.1007/s00442-012-2355-3
https://doi.org/10.1007/s00442-012-2355-3
https://doi.org/10.1007/s00442-014-2953-3
https://doi.org/10.1016/j.ufug.2020.126638
https://doi.org/10.1002/ecs2.2810
https://doi.org/10.1002/ecs2.2810
http://refhub.elsevier.com/S1470-160X(24)00383-2/h0355
http://refhub.elsevier.com/S1470-160X(24)00383-2/h0355
http://refhub.elsevier.com/S1470-160X(24)00383-2/h0355
https://doi.org/10.1111/ibi.12732
https://doi.org/10.1046/j.1365-2699.1998.251177.x
https://doi.org/10.1046/j.1365-2699.1998.251177.x
http://refhub.elsevier.com/S1470-160X(24)00383-2/h0370
http://refhub.elsevier.com/S1470-160X(24)00383-2/h0370
https://doi.org/10.1016/j.foreco.2016.11.013
https://doi.org/10.1016/j.foreco.2016.11.013
https://doi.org/10.1111/geb.13170
https://doi.org/10.1016/j.ecolind.2022.109137
https://www.frontiersin.org/articles/10.3389/fenvs.2023.1156360
http://refhub.elsevier.com/S1470-160X(24)00383-2/h0395
http://refhub.elsevier.com/S1470-160X(24)00383-2/h0395
https://doi.org/10.3390/rs12010023
https://doi.org/10.1016/j.japb.2019.02.007
https://doi.org/10.1016/j.japb.2019.02.007
http://refhub.elsevier.com/S1470-160X(24)00383-2/h0410
http://refhub.elsevier.com/S1470-160X(24)00383-2/h0410
http://refhub.elsevier.com/S1470-160X(24)00383-2/h0410
https://doi.org/10.1111/j.1365-2656.2008.01420.x
https://doi.org/10.1515/mammalia-2018-0014
https://doi.org/10.1515/mammalia-2018-0014
https://doi.org/10.1016/j.actao.2015.06.002
https://doi.org/10.1016/j.actao.2015.06.002
https://doi.org/10.1016/j.actao.2003.10.003
https://doi.org/10.1111/1365-2664.13093
https://doi.org/10.1111/1365-2664.13093
http://refhub.elsevier.com/S1470-160X(24)00383-2/h0445
http://refhub.elsevier.com/S1470-160X(24)00383-2/h0445
http://refhub.elsevier.com/S1470-160X(24)00383-2/h0445
http://refhub.elsevier.com/S1470-160X(24)00383-2/h0445
https://doi.org/10.1111/ele.12297
https://doi.org/10.1111/ele.12297
https://doi.org/10.1111/ele.12769
https://doi.org/10.1111/ele.12769
https://doi.org/10.1016/j.jenvman.2009.07.005
https://doi.org/10.1016/j.jenvman.2009.07.005
https://doi.org/10.1111/ddi.13682
https://doi.org/10.1111/ddi.13682
https://doi.org/10.1111/geb.12709
http://refhub.elsevier.com/S1470-160X(24)00383-2/h0475
http://refhub.elsevier.com/S1470-160X(24)00383-2/h0475
http://refhub.elsevier.com/S1470-160X(24)00383-2/h0480
http://refhub.elsevier.com/S1470-160X(24)00383-2/h0480
http://refhub.elsevier.com/S1470-160X(24)00383-2/h0480
http://refhub.elsevier.com/S1470-160X(24)00383-2/h0480
https://doi.org/10.1111/jav.01086
https://doi.org/10.1007/s11252-016-0605-6
https://doi.org/10.3161/00016454AO2020.55.2.001
https://doi.org/10.3161/00016454AO2020.55.2.001
https://doi.org/10.1111/ddi.12028
https://doi.org/10.1111/ddi.12028
https://doi.org/10.1016/j.ufug.2017.08.014
http://refhub.elsevier.com/S1470-160X(24)00383-2/h0510
http://refhub.elsevier.com/S1470-160X(24)00383-2/h0510
http://refhub.elsevier.com/S1470-160X(24)00383-2/h0510
https://doi.org/10.1111/j.1654-109X.2010.01087.x
https://doi.org/10.1080/00063650109461219
https://doi.org/10.1016/j.landurbplan.2015.12.003
https://doi.org/10.1016/j.landurbplan.2015.12.003
http://refhub.elsevier.com/S1470-160X(24)00383-2/h0530
http://refhub.elsevier.com/S1470-160X(24)00383-2/h0530
http://refhub.elsevier.com/S1470-160X(24)00383-2/h0530
https://doi.org/10.14411/eje.2016.027
https://doi.org/10.14411/eje.2016.027
https://doi.org/10.3161/15052249PJE2018.66.2.007
https://doi.org/10.3161/15052249PJE2018.66.2.007

	Ecological traits predict population trends of urban birds in Europe
	1 Introduction
	2 Methods
	2.1 Bird population trends
	2.2 Birds’ association with urban areas
	2.3 Other ecological traits
	2.4 Statistical analysis

	3 Results
	4 Discussion
	4.1 Conservation implications

	5 Declaration of Generative AI and AI-assisted technologies in the writing process
	CRediT authorship contribution statement
	Declaration of competing interest
	Data availability
	Acknowledgements
	Appendix A Supplementary data
	References


