-

View metadata, citation and similar papers at core.ac.uk brought to you byfz CORE

provided by DepositOnce
Received: 11 December 2019 Revised: 3 September 2020 Accepted: 10 September 2020

DOI: 10.1111/ddi.13169

BIODIVERSITY RESEARCH WILEY

Arthropod abundance modulates bird community responses to
urbanization

Aimara Planillo2@® | Stephanie Kramer-Schadt?3® | Sascha Buchholz*® |
Pierre Gras> | Moritz von der Lippe?® | Viktoriia Radchuk!

'Department of Ecological Dynamics,
Leibniz Institute for Zoo and Wildlife Abstract

Research (IZW), Berlin, Germany Aim: We analysed the role of species interactions in wildlife community responses
2BerIin-Brandenburg Institute of Advanced

Biodiversity Research (BBIB), Berlin,
Germany community and the role of trophic interactions in the responses of bird species to the

to urbanization. Specifically, we investigated non-trophic associations within a bird

®Department of Ecology, Technische urbanization gradient.

Universitat Berlin (TU), Berlin, Germany . . .
Location: City-state of Berlin, Central Europe.

Correspondence Methods: Arthropod and bird abundances were sampled across the study area and
Aimara Planillo, Department of Ecological

Dynamics, Leibniz Institute for Zoo and
Wildlife Research (IZW). Alfred-Kowalke- gradient was defined by environmental predictors reflecting anthropogenic distur-
StraBe 17, 10315 Berlin, Germany.
Email: planillo@izw-berlin.de.

analysed using hierarchical joint species distribution models (JSDMs). Urbanization

bances, for example noise level and human population density, as well as nature-like

features, for example tree cover and open green area. Relevant environmental pre-
Funding information

Bundesministerium fir Bildung und

Forschung, Grant/Award Number: AlCc. Arthropod abundances were modelled for the bird sampling transects and in-
01LC1501

dictors for each group and relevant spatial resolution were selected a priori using

cluded as additional predictor variable in the bird community model. In this model, we
used abundances and traits of 66 breeding bird species as response variables.
Results: Bird species responses to urbanization were captured by the interaction be-
tween invertebrate abundance and environmental predictors. We identified three
groups of birds: the urban group (12 species) showed no decrease in abundance along
the urbanization gradient and were not related to arthropods abundance; the wood-
land group (18 species) were positively related to tree cover and arthropod abun-
dance, also in areas with high anthropogenic disturbance; and the nature group (36
species) were positively related to arthropod abundance, but the species abundance
decreased sharply with increasing anthropogenic disturbance. All the non-trophic as-
sociations found within the bird community were positive.

Main conclusions: Arthropod abundance clearly modulated birds’ responses to the
urbanization gradient for most species. Especially at moderate levels of anthropo-
genic disturbance, the abundance of arthropods is key for the occurrence and abun-
dance of bird species in urban areas. To maintain bird diversity in urban green areas,
management measures should focus on maintaining and increasing invertebrate

abundance.
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1 | INTRODUCTION

Urban areas are increasing and expanding throughout the world,
with an expected 70% of the human population residing in cities by
2050 (United Nations, 2018). Urbanization is one of the most drastic
anthropogenic modifications of the natural landscape and habitats
(Sala et al., 2000; Shochat et al., 2010), and the sprawl of urban areas
results in biotic homogenization across large areas and biodiver-
sity loss (Leveau et al., 2017; McKinney, 2008; Morelli et al., 2016;
Sol et al., 2014). Yet, urban areas still host high numbers of wildlife
species and even some endangered species (Aronson et al., 2014;
Ferenc et al., 2014; Ives et al., 2016). Given the rapid increase in ur-
banized areas worldwide on the one side and the current biodiver-
sity crisis on the other side, it is crucial to understand how the special
conditions provided by cities as novel ecosystems (Kowarik, 2011)
affect biodiversity.

Most research investigating the drivers of wildlife biodiversity
in cities focused on landscape structure, such as cover of different
landscape elements, landscape configuration, habitat connectivity
(Aronson et al., 2014; Beninde et al., 2015; Callaghan et al., 2018;
Collen et al., 2011; Gagné & Fahrig, 2011), vegetation characteristics
(Fontana et al., 2011; Threlfall et al., 2016), anthropogenic distur-
bance (Beninde et al., 2015; Proppe, Sturdy, & St. Clair, 2013) and
microclimatic factors, such as temperature or precipitation (Beninde
et al., 2015; Harrison & Winfree, 2015). Often, wildlife community
composition is negatively affected by the proportions of impervi-
ous surface and increasing noise levels, and positively related to tree
cover and green area size (Aronson et al., 2014; Beninde et al., 2015;
Callaghan et al., 2018; Camargo Barbosa et al., 2020; Melles, Glen, &
Martin, 2003; Sol et al., 2014). Additionally, density of housing area
negatively affects bird richness and diversity (Gagné & Fahrig, 2011).

However, the knowledge on how urban environmental driv-
ers shape biodiversity is insufficient, because in addition to cli-
mate and habitat, biodiversity is affected by species interactions
(HilleRisLambers et al., 2012). Studying these species interactions
might be one of the pieces that help us to comprehend the puzzle
of biodiversity response to urbanization. Two broad types of spe-
cies interactions may be distinguished: trophic (i.e. predation) and
non-trophic (e.g. competition, facilitation and mutualism) ones
(Bronstein, 1994). Species interactions play a crucial role in shap-
ing wildlife communities (Cavieres et al., 2014; Martin et al., 2018;
Yodzis, 1981). For example, competition for limited resources mod-
ifies the community by favouring a higher abundance of the suc-
cessful competitors, which will displace other species (Goldshtein
et al., 2018; Robertson et al., 2013). Regarding trophic interactions,
the ability of some species to exploit food resources under distur-
bance affects community composition (Galbraith et al., 2015; Planillo
et al., 2015; K. E. Plummer et al., 2019). Availability of invertebrate

prey, mainly arthropods, also determines the reproductive success
of many bird species inhabiting anthropogenic habitats and shapes
the long-term viability of the populations (Peach et al., 2008; Seress
et al., 2012, 2018). Therefore, it is essential to consider species in-
teractions in addition to environmental drivers, to gain a complete
understanding of urban drivers of biodiversity.

Importantly, species interactions may be modified by urban envi-
ronmental drivers, as demonstrated by recent studies (Chamberlain
et al., 2014; Gelmi-Candusso & Hamalainen, 2019; Harrison &
Winfree, 2015). Environmental factors were previously shown to
interact in their effects on biodiversity and ecosystem function-
ing, for example modifying predator-prey relationships or detriti-
vore species dynamics (Crain et al., 2008; Galic et al., 2017; Garnier
et al.,, 2017; Karakoc et al., 2018). It is therefore likely that urban
environmental drivers will be moderated by species interactions in
their effects on wildlife community composition in cities. For exam-
ple, below a certain threshold of prey availability, the diversity of
predators is expected to be zero irrespective of suitability and con-
nectivity of the urban landscape. In this context, investigating how
urban community composition is shaped by either environmental
drivers or species interactions separately will result in an incomplete,
if not biased, understanding. Therefore, we studied how both en-
vironmental factors and species interactions shape bird community
composition in the city-state of Berlin, a metropolitan area in Central
Europe.

To which extent species can respond to urban environmental
drivers partly depends on their traits. Among them, body mass,
migratory status and diet are important traits for bird species oc-
currence in cities (Evans et al., 2011; Jokimaki et al., 2016). Body
mass is positively correlated with urbanization, especially within
clades (Callaghan et al., 2019; Croci et al., 2008). Migrant birds are
expected to be scarcer in urban areas (Croci et al., 2008; Evans
et al., 2011; Jokimaki et al., 2016; Kark et al., 2007), as their shift
in phenology to earlier dates is much slower than that in resident
species (Chamberlain et al., 2009; Samplonius et al., 2018), and thus,
suitable nesting sites might be already occupied by resident species
when migrants arrive to the urban area (Jokimaki & Suhonen, 1998).
Regarding diet preferences, bird species with narrow diets, for ex-
ample insectivorous, are expected to decrease and omnivorous spe-
cies with wider diets are expected to increase with urbanization, as
they can take advantage of resources provided by human activities,
such as garbage (Callaghan et al., 2019; Croci et al., 2008).

To better understand the complex interactions of urbanization,
bird communities and their food resources, here we investigated
how bird community composition in the urban area is affected by
three aspects: (a) environmental factors reflecting the urbanization
gradient, of which we distinguish nature-like variables and anthro-

pogenic disturbance, (b) trophic species interactions as measured
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by arthropod abundance and (c) species associations (proxy for
non-trophic interactions) within the community. We focus on the
bird community and their invertebrate prey (arthropods), both of
which were extensively surveyed in citywide regular and standard-
ized monitoring schemes of Berlin (Abraham et al., 2019; Méller
et al., 2019; Sudbeck et al., 2005). To achieve our goal, we use the
modern technique of hierarchical multiresponse models, joint spe-
cies distribution models (JSDMs), to analyse species responses
to environmental conditions while simultaneously accounting for
associations between species within the community (Ovaskainen
et al., 2017; Pollock et al., 2014; Warton et al., 2015). That is, after
removing the effects of environmental covariates, the remaining
correlation in the residual variance that is no longer explained by
the covariates is termed “species association” (Dormann et al., 2018;
Ovaskainen et al., 2017; Warton et al., 2015).

Our main objective is to disentangle the relative importance of
environmental conditions and species interactions for bird com-
munity composition in urban areas. We predict that: (a) global
species abundance will be higher in less urbanized sites with high
arthropod abundance; (b) arthropod abundance, as an essential re-
source, will explain more variability in bird species abundance than
the urbanization gradient by itself; (c) species inhabiting sites with
high anthropogenic disturbance will use more anthropogenic re-
sources and show lower or no response to arthropod abundance;
and (d) resident species with broader diets and larger body mass
will displace other species and be more abundant in more urban-
ized areas.

2 | METHODS
2.1 | Study area

We studied the bird community in the city of Berlin, capital of
Germany (52°31' N, 13°24' E). Berlin is the largest city in Germany
and constitutes a federal state, with a population of nearly 3.65
million people and an area of 892 km? (Amt fur Statistik, 2017).
The city is subject to a moderate continental climate, with aver-
age precipitation of 568mm and mean annual temperatures from
10.5°C in the city centre to around 8°C in the surrounding forests
(Berlin Environmental Atlas, 2018). Berlin is located in a flat terrain
at the confluence of the Havel and Spree rivers, and contains a
high number of green areas, from highly visited parks to fragments
of forests. The built-up area constitutes 48% of the city surface,
green and open space occupy 17.6%, forests occupy 17.5%, roads
occupy 10.9%, and water bodies occupy 6% (Berlin Environmental
Atlas, 2018).

2.2 | Bird community data

We used data on bird species abundance from the Berlin breeding

bird monitoring survey in the year 2017, provided by the Berlin
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Senate Department for Environment, Transport and Climate
Protection (SenUVK). The survey consists of 30 pre-established
transects, located within one-km? grids distributed across the city
(Figure 1). Grids were previously selected to capture the widest
possible range of habitats. To ensure species detection, each tran-
sect was visited four times during the bird breeding season from
mid-March to mid-June, approximately once per month when-
ever possible and leaving at least a week between visits (Stidbeck
et al., 2005). Transects were walked at or shortly after sunrise for
2-4 hr, in days without precipitation or strong winds. All birds
seen and heard within the transects were recorded. For a de-
tailed description and information on standards for breeding bird
surveys, see Stdbeck et al. (2005) and the website of the Swiss
Ornithological Institute (https://www.vogelwarte.ch/de/projekte/
monitoring/). One transect was visited only 3 times and therefore
was removed from further analyses.

In the 29 monitoring transects, a total of 97 breeding bird spe-
cies were recorded. Aquatic species, two non-native species and
species that were present in only 2 or less sites were removed to
avoid confounding effects and ensure convergence of the statistical
model, resulting in 66 species in total (Appendix S1: Table $1.1). As
transects differed in length (range: 2.8-6.4 km), we divided each bird
species abundance by transect length to obtain an index of relative
bird abundance per km (hereafter termed “bird index”) that was used
as response variable in the analyses.

We selected three traits that are related to wildlife responses
to urbanization: body mass, diet and migratory status (Callaghan
et al., 2019; Croci et al., 2008; Evans et al., 2011). Body mass val-
ues and diet information were obtained from the ELTON database
(Wilman et al., 2014). Body mass values were log-transformed to
favour linearity. Diet included four categories: invertebrates (spe-
cies feeding mainly on invertebrates or insectivorous), herbivores
(species feeding mainly on plants and seeds), omnivores (species
with a mixed diet) and scavengers (species feeding on carcasses and
leftovers). Migratory status was assigned following the Checklist of
the Birds of Germany (Barthel & Helbig, 2006) (Appendix S1: Table
S1.1). We used three categories: “migrant” for species that breed in
Germany and winter in other countries, “resident” for species that
spend the whole year in Germany and “partial-migrant” for species
with mixed behaviour, in which some of the individuals are migrant

and others are resident.

2.3 | Arthropod community data

In 2017, 42 sampling sites for arthropods were established randomly
across grasslands in the city of Berlin, representing the whole gradi-
ent of urbanization (covering ranges: 0%-94% impervious surface;
0-64 inhabitants/ha, human population density; 0%-100% open
green area; and 0%-82% tree cover). Three groups of arthropods
were sampled: carabid beetles, spiders and grasshoppers.

Carabids and spiders were sampled by pitfall traps (Brown
& Matthews, 2016; Hill et al., 2005). We used a nested design
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FIGURE 1 Location of the one-km? grid cells containing bird sampling transects in Berlin. Examples of data from 8 transects along a
gradient of anthropogenic disturbance (human population density and noise levels) are included; RAC: rank-abundance curve; S: species
richness; A: total abundance; T: tree cover percentage; OG: proportion of open green area; N: noise level (dBa); HP: human population
density. Additionally, community-weighted most abundant trait values are shown. Trait symbols and the full range of values (found in all

sites) for the variables can be found in the bottom left of the figure

(Boetzl et al., 2018), with four pitfall traps in each sampling site in a
square with a distance of 6 m to each other. Pitfall traps consisted
of plastic cups (10 cm diameter and 16.0 cm depth) filled with a 1%
formalin-detergent solution. A grid was placed on each pitfall trap
to keep organic material outside of the traps. Sampling took place
in 2017 from May to July and from September to October, and pit-
fall traps were emptied every four weeks. Both taxa were sorted
and afterwards preserved in ethanol. Standard keys were used for
identification of adult carabid beetles (Miller-Motzfeld, 2006) and
spiders (Almquist, 2005, 2006; Roberts, 1987, 1998). Grasshopper
data were collected using a box quadrat (ground area of 2 m?
and gauze-covered sides of 0.8 m height)(Gardiner et al., 2005),
haphazardly set up 10 times per site in August 2017. All individ-
uals found inside the box quadrat were identified to be species
using keys provided by Bellman (2006), counted and afterwards
released.

The field sampling identified a total of 104 carabid species, 20
grasshopper species and 182 spider species. Prior to the statisti-
cal analyses, rare species, defined as those present in less than 5%
of the sites, were removed from the dataset to avoid convergence
problems. The final datasets contained 73 carabid species, 18 grass-
hopper species and 112 spider species (Appendix S1: Table 5$1.2). We

used the number of individuals of each species as a relative abun-
dance index.

2.4 | Environmental data

We selected variables relevant to the distribution of wildlife spe-
cies in urban areas, as identified by other studies (Batary et al., 2018;
Beninde et al., 2015; Ferenc et al., 2014). We divided our environ-
mental variables into two groups: variables related to natural con-
ditions (e.g. tree cover and open green area) and variables related
to anthropogenic disturbance in the urban areas (e.g. noise level)
(Table 1). All environmental layers were rasterized at 20 x 20 m reso-
lution, but their importance was tested at a 100 m, 500 m, 1 km and
5 km scale using a moving window approach (further information in
Appendix S2: Figures 52.1 and 52.2).

2.5 | Data analysis

We modelled urban bird community response to environmental

drivers and arthropod abundance, the species associations within
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TABLE 1 Environmental variables considered for the hierarchical joint species distribution models. Variables are categorized into two
groups (“anthropogenic disturbance” and “nature-like”) that will be used for variable selection (see Methods)

Variable (units) Abbr. Description Year Source
Anthropogenic disturbance
Impervious surface (%) imperv Sealed surfaces related to human constructions: roads, 2015 1
buildings, concrete surfaces, etc.
Human population density pop Number of people living in the defined area 2015 2
(number of inhabitants in raster
cell)
Artificial light (relative brightness, light Relative luminosity for different city areas during the night 2013 3
unitless)
Noise (dBA) noise Noise level 2012 2
Nature-like
Distance to water (m) dist.water Distance to the closest water body (lake or river) 2015 2
Open green area (%) o.green Grasslands and other non-forested green areas, such as 2015 1
wastelands and road verges
Temperature summer day (°C) temp.day Average temperature measured at 14:00 hr during summer 2016 2
days.
Temperature summer night (°C) temp.night Average temperature measured at 22:00 hr during summer 2016 2
nights.
Tree cover (%) tree Trees or forested areas, including parks and trees in the 2015 1
streets

Note: Abbr: abbreviation; Year: refers to the original year the data were taken; Source: source of the GIS data.

1. European Union, Copernicus Land Monitoring Service, 2018; http://land.copernicus.eu/pan-european/high-resolution-layers/

2. Berlin Environmental Atlas, 2018 (https://www.stadtentwicklung.berlin.de/geoinformation/fis-broker/index_en.shtml)
3. Image and data processing by NOAA's National Geophysical Data Center. DMSP data collected by US Air Force Weather Agency, 2018 (ngdc.

dmsp@noaa.gov)

the bird community and species traits using a joint species dis-
tribution model (JSDM) in a hierarchical Bayesian framework
(Ovaskainen et al., 2017; Tikhonov et al., 2019). Community com-
position was studied by using the relative abundance of each spe-
cies as response variables for all the models (for modelling details,
see below).

Our modelling workflow consisted of the following steps
(Figure 2): as JSDM fitting is computationally demanding, preclud-
ing fitting all possible models, we first selected the optimal spatial
resolution and the relevant environmental variables for the JSDMs.
Variables and their spatial resolution were selected using Akaike's
information criterion for small sample sizes (AlCc) in multiresponse
models, after testing for multicollinearity (see Appendix S3: Figure
S$3.3, Tables S3.3 and $3.4). Second, for each arthropod group (cara-
bids, spiders and grasshoppers), we ran a JSDM with the respective
arthropod abundances as model responses and the environmental
variables selected in the previous step as predictors. These models
were used to estimate arthropod abundance in the bird transects,
because invertebrate sampling plots and bird transects were not
spatially overlapping. We predicted arthropod abundance in the
area of the transects, which was then used as a covariate in the bird
community model (see below).

Last, we ran the hierarchical JSDM for the bird community with
the bird index values (relative abundances) and species trait values

as model responses, and environmental variables selected in the first

step and total arthropod abundance obtained in the second step as
predictors.

The final environmental variables retained for the JSDM of each
community (Appendix S3) were as follows:

e Carabids model: imperv, dist.water and temp.day, all at 100 m scale.

e Grasshoppers model: imperv at 100 m scale and o.green at 500 m
scale.

e Spiders model: imperv, noise, temp.day and o.green, all at 100 m
scale.

e Birds model: pop, noise, tree, and o.green, all at 100 m scale.

2.5.1 | Modelling and extrapolating arthropod
communities

For each arthropod group, we run a hierarchical JSDM in a Bayesian
framework, using as response variables the abundance of each spe-
cies within the respective arthropod group (carabids, spiders and
grasshoppers). We included the previously selected environmental
variables as explanatory variables (see above), a spatially explicit
random effect with the location of each sampling site to control for
spatial effects, and used Poisson error distribution with a log-link

function.
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FIGURE 2 Representation of the modelling workflow followed in this study to disentangle effects of environment and trophic
interactions, as well as explore species associations (lower left pictogram). The workflow has been divided into three sections: arthropod
community models (JSDMs; left square), bird community model (JSDM; central-rigth square), which is used to derive the final results
(right). Green boxes and light grey arrows represent input data in the models. Orange boxes and dark grey arrows represent outputs of the

statistical models. Grey boxes represent relevant modelling steps

We ran three chains of 780,000 iterations with a burn-in of the
first 30,000 iterations and a thinning rate of 50 to avoid autocor-
relation within the chains, retaining 45,000 (3 x 15,000) samples
for further analyses. Model convergence was assessed using trace
plots and Gelman-Rubin convergence parameter (Gelman & Rubin
1992).

After checking that all the assumptions were met, we obtained
the explanatory power of the models for each invertebrate group
using the R? value, computed based on the correlation of observed
versus predicted values. We evaluated two R? values for each
model: the species R? value, as an average value across species
abundances, and the site R? value, as the average value across sites
for the summed abundance of all the species. In our case, the site R?
value gives information about how accurate the model prediction
will be in each site for the full arthropod community, that is, how
accurate the prediction will be in the bird transects. All the explan-

atory power values were relatively high (Species charabids = 0.71;

2 . p2 Lo 2 .
R grasshoppers 0'6’ R spiders 0'72' Site R carabids 0'94’
R2grasshoppers =0.92; stpiders = 0.95); thus, we confidently used these

JSDM for extrapolating arthropod abundance to the bird monitoring
transects creating raster maps with a resolution of 100 m, which was
the best scale for predicting arthropod abundances. Then, we aver-
aged the predicted values per arthropod group of all the raster cells
overlapping the bird transects. Finally, total arthropod abundance
was calculated as the sum of the predicted abundances of the three

arthropod groups at the bird transects.

2.5.2 | Modelling the bird community

We modelled bird community using a hierarchical JSDM in a Bayesian
framework (Ovaskainen et al., 2017) that models each of the ob-
served species accounting for the potential associations among
them and provides results for individual species and the global com-
munity, as the sum of the species responses. We used two different
types of response variables: each bird species relative abundance
index (bird index) and species traits. The explanatory variables were
the selected environmental variables (Table S3.4) and total predicted
arthropod abundance in each transect. We did not use the differ-
ent arthropod groups as separate covariates because their relative
abundances were highly correlated (spiders-grasshopper: Pearson's
r = .927; spiders-carabids: r = .917; and grasshoppers-carabids:
r = .924). Finally, the spatial locations of the bird monitoring tran-
sects were included as spatially explicit random effect to account for
a potential spatial structure in the data (Appendix S4: Table 54.5).
We ran three chains of 780,000 iterations with a burn-in of the
first 30,000 iterations and a thinning rate of 50 to reach model con-
vergence, retaining 45,000 (3 x 15,000) samples for further analy-
ses. Model convergence was assessed using chain trace plots and
the Gelman-Rubin statistic (Gelman & Rubin 1992). We calculated
the 95% and the 75% posterior credible intervals (Cl) for all the pa-
rameters. Following other publications (Mata et al., 2014; Ribeiro
etal., 2018), we considered that 95% Cl not overlapping zero showed

a strong effect and that 75% Cl not overlapping zero were enough to
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FIGURE 3 Effects of arthropod abundance and environmental variables reflecting urbanization gradient on bird index values (relative
bird abundance per km, see Methods). To show the interaction, plots were obtained by predicting model results at three levels of Arthropod
abundance (Arth. index): low = minimum value of arthropod abundance in bird transects; medium = average value of arthropod abundance;
max = maximum value of arthropod abundance in bird transects. Shaded area corresponds to the 75% Cls

show the existence of an effect. Consequently, we considered that
when the 75% Cl overlapped zero, the support from the data was
weak to demonstrate an effect.

We examined the individual species responses to search for
common trends and patterns. By carefully considering the negative,
positive or lack of response of each species to each of the environ-
mental variables, and whether this response was modulated by the
arthropod abundance, we defined species groups with similar re-
sponse patterns to the urbanization gradient.

We grouped the explanatory variables into four groups (Table 1),
nature-like, anthropogenic disturbance, arthropod abundance and
the (statistical) interaction between arthropod abundance and en-
vironmental variables, and assessed the importance of each group
through variance partitioning analysis (Ovaskainen et al., 2017;
Tikhonov et al., 2019).

Analyses were done in R v 3.52 (R Core Team, 2019).

Multiresponse models for variable selection were run with

package “mvabund” (Wang et al., 2012). The JSDM was run using
package “Hmsc” (Tikhonov et al., 2019). Bayesian model evalua-
tion was done with “coda” (Plummer et al., 2006) and “MCMCVis”
(Youngflesh, 2018) packages.

3 | RESULTS

We analysed data from 66 breeding bird species found in Berlin. On
average, we found 29.70 species per transect (range: 15-47 species
per transect) and a mean prevalence across species of circa 40%
of the sites. Twelve out of 66 species had a prevalence of at least
80%, and five species were present in all the sites: common wood
pigeon (Columba palumbus), European blue tit (Parus caeruleus), great
tit (Parus major), common starling (Sturnus vulgaris) and common
blackbird (Turdus merula). Carrion crow (Corvus corone) and Eurasian

blackcap (Sylvia atricapilla) were recorded in 28 out of 29 sites. The
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house sparrow (Passer domesticus) was recorded at 24 sites. Five of
these species presented values higher than 15 individuals per km:
common wood pigeon, European blue tit, great tit, common black-
bird and house sparrow. The other species with a 100% prevalence,
the common starling, had an average relative abundance of 11.4 in-
dividuals per km.

In general, species with higher prevalence also presented higher
relative abundance (see bird index) per site. Taking into account only
the sites with species presence, the average value of the bird index
was 2.07 individuals per km (range: 0.29 (common kestrel, Falco tin-
nunculus)-24.21 (Passer domesticus) individuals per km).

Total bird abundance, that is the sum of the relative abundance
of all species, declined with increasing anthropogenic disturbance
(noise and human population density), while increased with na-
ture-like variables (tree cover and proportion of open green area)
and arthropod abundance (Appendix S5: Figure S5.2). The results
remained qualitatively the same if we used species richness instead
of total abundance (Appendix S5: Figure S5.3).

Bird relative abundance was highly impacted by arthropod abun-
dance, which modulated the community response to environmental
variables (Figure 3). As a general response, relative bird abundance
was higher in areas with higher arthropod abundance, especially in
areas with high tree cover (Figure 3a). When arthropod abundance
was low, the relative abundance of birds was negligibly influenced by
anthropogenic disturbance variables (human population and noise
levels) and tree cover. When arthropod abundance was high, relative
bird abundance decreased sharply with increasing anthropogenic
disturbance (Figure 3c,d).

Our hierarchical JSDM revealed idiosyncratic responses of the
abundance of each individual species to the environmental vari-
ables and arthropod abundance and their statistical interaction
(Appendix Sé: Figures S6.4, S6.5, S6.6 and S6.7). Responses were
species-specific, but some general trends emerge that allow to
classify species into three groups, based on the similarity of their
responses to all the variables reflecting the urbanization gradient.
Group 1, the urban group, was characterized by no or positive re-
sponse to increasing anthropogenic disturbance levels and a very
weak effect of nature-like variables (credible intervals overlapping
zero). This group was formed by 12 species, including the carrion
crow, the house sparrow and the common blackbird. Species from
this group occurred on average in 20 out of 29 monitoring transects
and had an average bird index value of 4.38 individuals/km. Group 2,
the woodland group, was strongly affected by tree cover and arthro-
pod abundance (credible intervals not overlapping zero), whereas
noise had a negative effect and the effect of human population den-
sity was not as pronounced. Species in this group kept larger pop-
ulations with high arthropod abundance over the full urbanization
gradient. This group was formed by 18 species, including the great
tit, the Eurasian blue tit and the Eurasian wren (Troglodytes troglo-
dytes). Species from group 2, woodland group, occurred on average
in 16.6 monitoring transects and had an average bird index value
of 2.32 individuals/km. Group 3, the nature group, was character-

ized by a negative effect of anthropogenic disturbance (noise levels

and/or human population density) and positive response towards
nature-like variables (tree cover or open green area). This last group
was formed by the remaining 36 species and included species such
as the skylark (Alauda arvensis), the nightingale (Luscinia megarhyn-
chos) and the yellowhammer (Emberiza citrinella). Species from group
3, nature group, occurred on average in 9 monitoring transects and
had an average bird index value of 1.1 individuals/km.

When extrapolating the responses to the area of the whole city,
spatial patterns became apparent, with species from group 2, wood-
land group, showing a distribution pattern very similar to that of the
whole community (Figure 4; for environmental variables maps, see
Appendix S2: Figures S2.1 and S2.2).

The variance partitioning analysis of the explanatory variable
groups in the JSDM showed that the variable interactions with ar-
thropod abundance explained almost 40% of the variance (Figure 5).
Regarding the other groups, variance partitioning is not straightfor-
ward to interpret because of the different group sizes; “nature-like
variables” and “disturbance variables” are each represented by two
variables, while “arthropod abundance” is represented by one vari-
able, and the (statistical) “interactions with arthropod abundance”
are four variables. Arthropod abundance as single effect addition-
ally explained on average 13% of the variation, as much as either
nature-like (14%) or disturbance variables (16%). Taking that into
account, we can confidently say that arthropod abundance and its
statistical interactions with environmental variables were most im-
portant for bird community composition.

The analyses based on trait values showed fewer clear responses,
although some potential trends are worth mentioning (Appendix S7:
Figure S7.8). Regarding diet, species feeding on invertebrates
showed a positive trend in relation to arthropod abundance and tree
cover and negative trend in relation to noise. No trend in species
body mass was apparent. Regarding migratory status, the most pro-
nounced responses were observed for partial migrants, which were
negatively affected by noise and positively affected by arthropod
abundance and tree cover. No trend was identified in body mass.

The associations among bird species within the community iden-
tified in the residual variance of the JSDM were all positive (Figure 6).
These non-trophic associations occur mainly among bird species
with high prevalence in more urbanized areas (group 1, urban group).
Some positive associations were also found among species belong-
ing to different response groups, which could point to facilitation or
neutral co-occurrence between those species. No competitive in-
teractions resulting in spatial exclusion were found, as shown by the
lack of negative associations.

4 | DISCUSSION

Our results highlight the key role of trophic species interactions
in wildlife community composition under anthropogenic dis-
turbance. Arthropod abundance was the main variable driving
bird community response across the urbanization gradient, and

it modulated the effect of anthropogenic disturbance on bird
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FIGURE 4 Prediction maps of total bird abundance (a), bird species richness (b) and abundance of representatives from the identified
three groups reflecting general bird responses to urbanization. The examples used for each group are as follows: carrion crow (Corvus corone)
from group 1: urban group (c); great tit (Parus major) from group 2: woodland group (d); and Eurasian skylark (Alauda arvensis) from group 3:

nature group (e)

species abundance, hence bird community composition. This is a
novel finding, as most studies still focus on environmental vari-
ables and neglect biotic interactions (Batary et al., 2018; Beninde
et al., 2015; Callaghan et al., 2018).

As a general pattern, both total bird abundance and species
richness were higher in low disturbance areas and decreased to-
wards more urbanized areas. Arthropod abundance increased bird
abundance in low to moderately disturbed areas, but had little in-
fluence on species inhabiting the most urbanized areas. This vari-
able was also the most important factor explaining bird abundance
variance along the urbanization gradient (Figure 5). Although
some species have diets that rely mainly on plants or seeds, in-
vertebrates are an important resource during breeding season
for many birds (Peach et al., 2008; Seress et al., 2012). Therefore,
arthropod abundance represents a key resource that allows bird
diversity to increase in less urbanized areas. Above certain dis-
turbance thresholds, our results show that only a few bird species
can tolerate the anthropogenic disturbance and overall bird com-
munity abundance clearly decreases. A meta-study on urban bio-
diversity patterns showed no clear overall trend of bird abundance
in response to urbanization as both negative and positive trends
were detected in a similar amount of studies (Faeth et al., 2011).

Our results demonstrate that failing to explicitly consider prey

availability may result in different relations of bird abundance with
the urbanization gradient.

Additionally, our analyses of species traits showed that anthro-
pogenic disturbance negatively affected species feeding on inver-
tebrates and partial-migrant species, as corroborated by previous
studies, although no clear response was found for fully migrant spe-
cies (Croci et al., 2008; Evans et al., 2011; Kark et al., 2007).

We identified three groups of birds regarding their responses
to the urbanization gradient (Figure 6). We believe our groups 1,
2 and 3 (birds of urban, woodland and natural areas) resemble and
support the classification of wildlife species into urban exploit-
ers, urban adapters and urban avoiders, respectively (Blair, 1996;
McKinney, 2002; Shochat et al., 2006). The urban species, or
urban exploiters, persisted at high abundance under high dis-
turbance levels. These species, in agreement with other studies
(Callaghan et al., 2019; Croci et al., 2008; Kark et al., 2007), are
small- to medium-sized, have mainly scavenging or omnivorous
diets and are resident species (Appendix S1: Table S1.1). Species
in our dataset that were classified as scavengers belong mainly
to generalist and opportunistic species and, therefore, they are
expected to adjust more easily to urban conditions (Callaghan
et al., 2019), due to bold behaviour and the ability to profit from
anthropogenic resources (Evans et al., 2011; Greggor et al., 2016;
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Jokimaki et al., 2016). Interestingly, this pattern is parallel to that
identified for mammals, where the most opportunistic mesocar-
nivores can colonize the urban areas (Bateman & Fleming, 2012;
Gras et al., 2018).

Group 2, woodland species, or urban adapters, drove the general
pattern of community composition in the city. Although group 2 did
not consist of the most widespread or abundant species, the species
of this group were relatively abundant (2.32 individuals/km), widely
distributed and had strong responses to the urbanization gradient
(Appendix Sé). These species can cope with urban disturbance, at
least to some degree, as long as their habitat requirements are ful-
filled. Our study was conducted in Berlin, which is characterized by a
high abundance of trees, including big parks and woodland remnants
in the city centre. However, all open areas in the centre are heavily
used by humans. In this context, only bird species related to trees
that can find branches or holes high enough to avoid direct human
disturbance could thrive in urban areas.

Group 3, nature group consisting of urban avoiders, was formed
mainly by species associated with open habitats, such as the sky-
lark (Alauda arvensis) (Del Hoyo, Elliot, & Sargata, 2004). Although
some of these species could perhaps increase their abundance in dis-
turbed areas, open habitats in an urban context are usually exposed
to direct contact with humans and pets (unpublished data), which
might drive bird species away from more populated areas.

An interesting finding of our study is the inclusion of the house
sparrow in the group of urban birds, which means a lack of relation-
ship with arthropod abundance. Although its presence in the cities
cannot directly be interpreted as adjustment, sparrows are declin-

ing across Europe and identifying the conditions under which the

species survives is of vital importance for its conservation (BirdLife
International, 2018). In our study area, some big areas with low an-
thropogenic disturbance still persist near the city centre, and we hy-
pothesize that the availability of these quiet areas next to areas with
high anthropogenic resources might mitigate the negative effects of
areas with high disturbance, thus allowing the species to persist in
the city. Another interesting species that is usually sensitive is the
nightingale, which also appears at high abundances in areas with low
disturbance and high arthropod abundance, highlighting again the
key role of prey abundance for bird diversity.

There is some evidence for the highest species abundance at in-
termediate urbanization levels (Batary et al., 2018), an effect that
conforms with the intermediate disturbance hypothesis (Chace &
Walsh, 2006; Connell, 1978; Hacker & Gaines, 1997; Marzluff, 2017;
McKinney, 2008). In this context, the findings of how the size of green
areas in cities affects bird abundance or diversity are sometimes
contradictorily discussed. Larger green areas in urban context are
expected to have low disturbance and higher bird diversity, but some
results show small green patches with a diversity that is comparable
or higher than that of the big areas (Callaghan et al., 2018; Matthies
et al., 2017), which sometimes has been related to the intermediate
levels of disturbance in such small areas. Our findings suggest that
high biodiversity at intermediate urbanization levels or differences
in bird abundance between green areas of similar size may be due
to missing influential variables in the analyses (Fox, 2013). If we in-
cluded arthropod abundance or a similar measure of prey availability
in the analyses, for the same relative prey abundance, larger green
areas should contain higher bird diversity. However, if there is a

difference in prey abundance, we would expect small green areas
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FIGURE 6 Associations among bird species in urban areas identified by the JSDM, whose 95 CI did not overlap zero. All associations
were positive. Species have been categorized based on their response group (see results). The size of the dot represents the number of sites

where the species was recorded (total 29 sites)

with high prey abundance to support higher bird diversity than large
green areas with low prey abundance. Indeed, failing to consider
prey availability in the analyses may result in the apparent support
of the intermediate disturbance hypothesis.

Regarding the non-trophic interactions, we found only positive
associations among bird species. From a statistical point of view, the
associations or co-occurrence patterns detected by the JSDM might
refer either to real biotic interactions or represent a shared species
response to a missing covariate in the analysis (Abrego et al., 2017
Dormann et al., 2018; Warton et al., 2015). In our case, all the pos-
itively interacting species detected by our model were present at
least at 20 sites (except the nightingale, recorded in 19 sites). This
result points to species that can cope well with the urban distur-
bances and, probably, are benefiting from anthropogenic resources.
We speculate that the presence of important resources for urban
birds, such as feeders or artificial nesting sites in highly urbanized
areas (personal observation)(Kark et al., 2007; Plummer et al., 2019),

might explain this pattern for most of the species.

We did not find any negative association among bird species.
Community responses to disturbance are scale-dependent (Chase
et al., 2018), and some responses might be detectable only when
using broad spatial scales (Planillo et al., 2015). While competitive
interactions may influence species responses to urbanization at
broad scales (Martin et al., 2018), we focused on the community in-
habiting the city. Another possible explanation for the lack of com-
petitive interactions is the potential stress caused by anthropogenic
disturbance (Beaugeard et al., 2019; Strasser & Heath, 2013). It has
been shown that communities under stress are characterized by
positive rather than negative interactions (Callaway et al., 2002; He
etal., 2013).

Our results are also subject to some caveats. We used data
on ground-dwelling arthropods as a proxy for arthropod diver-
sity. The survey of canopy-dwelling arthropods would be inter-
esting in further studies. Our data come from observations under
field conditions, and as such, they are correlational. However,

we firmly believe that the responses we found in the data are
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reliable, as the identified responses are coherent with other
studies (Aronson et al., 2014; Beninde et al.,, 2015; Callaghan
et al., 2018; Sol et al., 2014). Caution is also needed when infer-
ring whether a species is successful in a disturbed environment.
Although some species thrive in disturbed environments (Prange
et al., 2003; Rebolo-Ifran et al., 2017; Sol et al., 2017; Stracey &
Robinson, 2012), abundance is not a synonym of a successful popu-
lation (Mumme et al., 2000; Strasser & Heath, 2013) and we cannot
assess whether the high abundances of some species are related
to long-term population viability. Disturbed areas sometimes be-
come ecological traps for wildlife species (Hale & Swearer, 2017;
Hollander et al., 2011; Lepczyk et al., 2017; Stillfried et al., 2017).
Therefore, our study refers only to the observed abundance and
cannot be extrapolated to population viability.

We conclude that high invertebrate prey abundance (here in-
cluded as arthropod abundance) is a key variable for bird commu-
nity composition in urban areas, and high levels of prey abundance
can counteract, to some degree, negative effects of anthropogenic
disturbance. In the last 30 years, insect abundance has declined by
up to 70% (Hallmann et al., 2017), coupled with a insectivorous bird
populations in Europe declining by 13% in abundance, and bird pop-
ulations in the United States show a decrease of 30% in abundance
since the last decades of last century (Bowler et al., 2019; Rosenberg
et al., 2019). Against this background, our results have crucial im-
plications for sustainable urban planning if we want to avoid a “si-
lent spring” (Carson, 2002) in cities. Keeping areas with high prey
abundance in the city will help maintaining bird diversity and thus
decrease the homogenization process that urbanized areas currently
undergo (Evans et al., 2018; Ferenc et al., 2014; McKinney, 2006).
In order to preserve bird biodiversity in urban areas, native and di-
verse arthropod communities should be encouraged in green spaces.
Additionally, a healthy bird community will help in the biotic control
of insect pests, preventing damage to vegetation. We suggest some
management actions: increase invertebrate abundance in urban
parks through the installation or maintenance of structures for ar-
thropod survival by an appropriate habitat management, for exam-
ple extensive or reduced mowing, leave dead wood and stones, walls
as nesting substrates, preserve wastelands and decrease or avoid
the use of pesticides; increase the habitat diversity for birds by pro-
viding both forested (including dead wood) and open green areas in
urban parks; and decrease anthropogenic disturbance, such as noise
or human density in some designated core areas to allow the regen-

eration of sensitive species.

ACKNOWLEDGEMENTS

Dr. Conny Landgraf and Dr. Sarah Kiefer provided very useful help
acquiring the bird data and communicating with the Berlin Senate
Department for Environment, Transport and Climate Protection. We
are thankful to Johannes Schwarz who coordinated and provided the
bird data, and to all the volunteers who collected and identified in-
vertebrate species in Berlin grasslands. The work was funded by the
German Federal Ministry of Education and Research BMBF within
the Collaborative Project "Bridging in Biodiversity Science—BIBS"

(funding number 01LC1501). Open access funding enabled and or-
ganized by ProjektDEAL.

PEER REVIEW
The peer review history for this article is available at https://publo
ns.com/publon/10.1111/ddi.13169.

DATA AVAILABILITY STATEMENT
Data used in this study are provided in the Supplementary Material

files.

BIOSKETCH

Aimara Planillo is a post-doc researcher at the Ecological Dynamics
Department of the Leibniz Institute for Zoo and Wildlife Research
(1IZW), Berlin, Germany. Her main research is focused on species dis-
tribution modelling, species habitat use and the study of interspecies
interactions in the context of anthropogenic disturbance. She works
with spatially explicit data of birds and mammals.

The Department of Ecological Dynamics’ (IZW) main goal is to
predict the future viability of wildlife populations and species faced
with accelerating environmental change in the Anthropocene and to
improve landscape-scale planning for conservation. Visit us at www.

ecological-dynamics-izw.com

ORCID

Aimara Planillo https://orcid.org/0000-0001-6763-9923

Stephanie Kramer-Schadt https://orcid.

org/0000-0002-9269-4446
Viktoriia Radchuk https://orcid.org/0000-0003-3072-0095

REFERENCES

Abraham, S., Hannig, K., & Buchholz, S. (2019). Ein Beitrag
zur  Laufkaferfauna (Coleoptera: Carabidae) ausgewihlter
Sandtrockenrasen in Berlin und Brandenburg. Mdrkische
Entomologische Nachrichten, 21, 115-135.

Abrego, N., Norberg, A., & Ovaskainen, O. (2017). Measuring and pre-
dicting the influence of traits on the assembly processes of wood-in-
habiting fungi. Journal of Ecology, 105(4), 1070-1081. https://doi.
org/10.1111/1365-2745.12722

Almquist, S. (2005). Swedish Araneae, part. 1 families Atypidae to
Hahniidae (Linyphiidae excluded). Entomologica Scandinavica
Supplementum, 62, 1-284.

Almquist, S. (2006). Swedish Araneae, part. 2 families Dictynidae to
Salticidae. Insect Systematics & Evolution, 63, 285-603.

Amt fur Statistik. (2017). Statistischer Bericht - Einwohnerinnen
und Einwohner im Land Berlin am 30. Juni 2017. Potsdam:
Berlin-Brandenburg.

Aronson, M. F. J., La Sorte, F. A., Nilon, C. H., Katti, M., Goddard, M. A.,
Lepczyk, C. A., & Winter, M. (2014). A global analysis of the impacts
of urbanization on bird and plant diversity reveals key anthropo-
genic drivers. Proceedings of the Royal Society B: Biological Sciences,
281(1780), 20133330. https://doi.org/10.1098/rspb.2013.3330

Barthel, P. H., & Helbig, A. J. (2006). Checklist of the Birds of Germany,
https://doi.org/10.4081/ri0.2011.77

Batary, P., Kurucz, K., Suarez-Rubio, M., & Chamberlain, D. E. (2018).
Non-linearities in bird responses across urbanization gradients: A
meta-analysis. Global Change Biology, 24(3), 1046-1054. https://doi.
org/10.1111/gcb.13964


https://publons.com/publon/10.1111/ddi.13169
https://publons.com/publon/10.1111/ddi.13169
http://www.ecological-dynamics-izw.com
http://www.ecological-dynamics-izw.com
https://orcid.org/0000-0001-6763-9923
https://orcid.org/0000-0001-6763-9923
https://orcid.org/0000-0002-9269-4446
https://orcid.org/0000-0002-9269-4446
https://orcid.org/0000-0002-9269-4446
https://orcid.org/0000-0003-3072-0095
https://orcid.org/0000-0003-3072-0095
https://doi.org/10.1111/1365-2745.12722
https://doi.org/10.1111/1365-2745.12722
https://doi.org/10.1098/rspb.2013.3330
https://doi.org/10.4081/rio.2011.77
https://doi.org/10.1111/gcb.13964
https://doi.org/10.1111/gcb.13964

PLANILLO ET AL.

Bateman, P. W., & Fleming, P. A. (2012). Big city life: Carnivores in urban
environments. Journal of Zoology, 287(1), 1-23.

Beaugeard, E., Brischoux, F., Henry, P. Y., Parenteau, C., Trouvé, C., &
Angelier, F. (2019). Does urbanization cause stress in wild birds
during development? Insights from feather corticosterone levels in
juvenile house sparrows (Passer domesticus). Ecology and Evolution,
9(1), 640-652. https://doi.org/10.1002/ece3.4788

Bellman, H. (2006). Der Kosmos-Heuschrecken fuehrer. Die Arten
Mitteleuropas sicher bestimmen, Stuttgart, Germany: Kosmos.

Beninde, J., Veith, M., & Hochkirch, A. (2015). Biodiversity in cities
needs space: A meta-analysis of factors determining intra-urban
biodiversity variation. Ecology Letters, 18(6), 581-592. https://doi.
org/10.1111/ele. 12427

Berlin Environmental Atlas (2018). Berlin Environmental Atlas, Senate
Department for Urban Development and Housing. Retrieved from
Senate Department for Urban Development and Housing website:
https://www.stadtentwicklung.berlin.de/umwelt/umweltatlas/
edua_index.shtml.

BirdLife International. (2018). Passer domesticus (amended version
of 2017 assessment). The IUCN Red List of Threatened Species
2018: e.T103818789A129643357. Retrieved from https://doi.
org/10.2305/IUCN.UK.2017-1.RLTS.T103818789A129643357.en.

Blair, R. B. (1996). Land Use and Avian Species Diversity Along an
Urban Gradient. Ecological Applications, 6(2), 506-519. https://doi.
org/10.2307/2269387

Boetzl, F. A., Ries, E., Schneider, G., & Krauss, J. (2018). It’s a matter of
design—how pitfall trap design affects trap samples and possible
predictions. PeerJ, 6, e5078. https://doi.org/10.7717/peerj.5078

Bowler, D. E., Heldbjerg, H., Fox, A. D., de Jong, M., & B&éhning-Gaese,
K. (2019). Long-term declines of European insectivorous bird popu-
lations and potential causes. Conservation Biology, 33(5), 1120-1130.
https://doi.org/10.1111/cobi.13307

Bronstein, J. L. (1994). Conditional outcomes in mutualistic interac-
tions. Trends in Ecology and Evolution, 9(6), 214-217. https://doi.
org/10.1016/0169-5347(94)90246-1

Brown, G. R., & Matthews, |. M. (2016). A review of extensive variation
in the design of pitfall traps and a proposal for a standard pitfall
trap design for monitoring ground-active arthropod biodiversity.
Ecology and Evolution, 6(12), 3953-3964. https://doi.org/10.1002/
ece3.2176

Callaghan, C. T., Major, R. E., Lyons, M. B., Martin, J. M., & Kingsford, R. T.
(2018). The effects of local and landscape habitat attributes on bird
diversity in urban greenspaces. Ecosphere, 9(7), €02347. https://doi.
org/10.1002/ecs2.2347

Callaghan, C. T., Major, R. E., Wilshire, J. H., Martin, J. M., Kingsford, R.
T., & Cornwell, W. K. (2019). Generalists are the most urban-toler-
ant 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

Callaway, R. M., Brooker, R. W., Choler, P., Kikvidze, Z., Lortie, C. J.,
Michalet, R., & Cook, B. J. (2002). Positive interactions among alpine
plants increase with stress. Nature, 417(6891), 844-848. https://doi.
org/10.1038/nature00812

Camargo Barbosa, K. V., Rodewald, A. D., Ribeiro, M. C., & Jahn, A. E.
(2020). Noise level and water distance drive resident and migratory
bird species richness within a Neotropical megacity. Landscape and
Urban Planning, 197(January), 103769. https://doi.org/10.1016/j.
landurbplan.2020.103769

Carson, R. (2002). Silent spring. Houghton Mifflin Harcourt. Retrieved
from http://www.amazon.com/Silent-Spring-Rachel-Carson/
dp/0618249060/ref=sr_1_1?s=books&ie=UTF8&qid=1323278851
&sr=1-1.

Cavieres, L. A., Brooker, R. W., Butterfield, B. J., Cook, B. J., Kikvidze, Z.,
Lortie, C. J., & Callaway, R. M. (2014). Facilitative plant interactions

Covrsiy s isrbrions EUVITRVES

and climate simultaneously drive alpine plant diversity. Ecology
Letters, 17(2), 193-202. https://doi.org/10.1111/ele.12217

Chace, J. F., & Walsh, J. J. (2006). Urban effects on native avifauna: A
review. Landscape and Urban Planning, 74(1), 46-69.

Chamberlain, D. E., Cannon, A. R., Toms, M. P., Leech, D. I., Hatchwell,
B. J., & Gaston, K. J. (2009). Avian productivity in urban land-
scapes: A review and meta-analysis. Ibis, 151(1), 1-18. https://doi.
org/10.1111/j.1474-919X.2008.00899.x

Chamberlain, S. A., Bronstein, J. L., & Rudgers, J. A. (2014). How context
dependent are species interactions? Ecology Letters, 17, 881-890.
https://doi.org/10.1111/ele. 12279

Chase, J. M., McGill, B. J., McGlinn, D. J., May, F.,, Blowes, S. A., Xiao,
X., & Gotelli, N. J. (2018). Embracing scale-dependence to achieve a
deeper understanding of biodiversity and its change across commu-
nities. Ecology Letters, 21(11), 1737-1751. https://doi.org/10.1111/
ele.13151

Collen B., McRae L., Deinet S., De Palma A., Carranza T., Cooper N.,
Loh J., Baillie J. E. M. (2011). Predicting how populations decline
to extinction. Philosophical Transactions of the Royal Society B:
Biological Sciences, 366(1577), 2577-2586. https://doi.org/10.1098/
rstb.2011.0015

Connell, J. H. (1978). Diversity in Tropical Rain Forests and Coral Reefs.
Science, 199(4335), 1302-1310. https://doi.org/10.1126/scien
ce.199.4335.1302

Crain, C. M., Kroeker, K., & Halpern, B. S. (2008). Interactive
and cumulative effects of multiple human stressors in ma-
rine systems. Ecology Letters, 11, 1304-1315. https://doi.
org/10.1111/j.1461-0248.2008.01253.x

Croci, S., Butet, A., & Clergeau, P. (2008). Does Urbanization Filter Birds
on the Basis of Their Biological Traits? The Condor, 110(2), 223-240.
https://doi.org/10.1525/cond.2008.8409

Dormann, C. F., Bobrowski, M., Dehling, D. M., Harris, D. J., Hartig, F.,
Lischke, H., & Kraan, C. (2018). Biotic interactions in species dis-
tribution modelling: 10 questions to guide interpretation and avoid
false conclusions. Global Ecology and Biogeography, 27(9), 1004-1016.
https://doi.org/10.1111/geb.12759

Evans, B. S., Reitsma, R., Hurlbert, A. H., & Marra, P. P. (2018).
Environmental filtering of avian communities along a rural-to-urban
gradient in Greater Washington, D.C., USA. Ecosphere, 9(11), e02402.
https://doi.org/10.1002/ecs2.2402

Evans, K. L., Chamberlain, D. E., Hatchwell, B. J., Gregory, R. D., & Gaston,
K. J. (2011). What makes an urban bird? Global Change Biology, 17(1),
32-44. https://doi.org/10.1111/j.1365-2486.2010.02247.x

Faeth, S. H., Bang, C., & Saari, S. (2011). Urban biodiversity: Patterns and
mechanisms. Annals of the New York Academy of Sciences, 1223(1),
69-81. https://doi.org/10.1111/j.1749-6632.2010.05925.x

Ferenc, M., Sedlacek, O., Fuchs, R., Dinetti, M., Fraissinet, M., & Storch,
D. (2014). Are cities different? Patterns of species richness and beta
diversity of urban bird communities and regional species assem-
blages in Europe. Global Ecology and Biogeography, 23(4), 479-489.
https://doi.org/10.1111/geb.12130

Fontana, S., Sattler, T., Bontadina, F., & Moretti, M. (2011). How to man-
age the urban green to improve bird diversity and community struc-
ture. Landscape and Urban Planning, 101(3), 278-285. https://doi.
org/10.1016/j.landurbplan.2011.02.033

Fox, J. W. (2013). The intermediate disturbance hypothesis should be
abandoned. Trends in Ecology & Evolution, 28(2), 86-92.

Gagné, S. A., & Fahrig, L. (2011). Do birds and beetles show similar re-
sponses to urbanization? Ecological Applications, 21, 2297-2312.
https://doi.org/10.1890/09-1905.1

Galbraith, J. A., Beggs, J. R, Jones, D. N., & Stanley, M. C. (2015).
Supplementary feeding restructures urban bird communities.
Proceedings of the National Academy of Sciences of the United States
of America, 112(20), E2648-E2657. https://doi.org/10.1073/
pnas.1501489112


https://doi.org/10.1002/ece3.4788
https://doi.org/10.1111/ele.12427
https://doi.org/10.1111/ele.12427
https://www.stadtentwicklung.berlin.de/umwelt/umweltatlas/edua_index.shtml
https://www.stadtentwicklung.berlin.de/umwelt/umweltatlas/edua_index.shtml
https://doi.org/10.2305/IUCN.UK.2017-1.RLTS.T103818789A129643357.en
https://doi.org/10.2305/IUCN.UK.2017-1.RLTS.T103818789A129643357.en
https://doi.org/10.2307/2269387
https://doi.org/10.2307/2269387
https://doi.org/10.7717/peerj.5078
https://doi.org/10.1111/cobi.13307
https://doi.org/10.1016/0169-5347(94)90246-1
https://doi.org/10.1016/0169-5347(94)90246-1
https://doi.org/10.1002/ece3.2176
https://doi.org/10.1002/ece3.2176
https://doi.org/10.1002/ecs2.2347
https://doi.org/10.1002/ecs2.2347
https://doi.org/10.1111/oik.06158
https://doi.org/10.1111/oik.06158
https://doi.org/10.1038/nature00812
https://doi.org/10.1038/nature00812
https://doi.org/10.1016/j.landurbplan.2020.103769
https://doi.org/10.1016/j.landurbplan.2020.103769
http://www.amazon.com/Silent-Spring-Rachel-Carson/dp/0618249060/ref=sr_1_1?s=books&ie=UTF8&qid=1323278851&sr=1-1
http://www.amazon.com/Silent-Spring-Rachel-Carson/dp/0618249060/ref=sr_1_1?s=books&ie=UTF8&qid=1323278851&sr=1-1
http://www.amazon.com/Silent-Spring-Rachel-Carson/dp/0618249060/ref=sr_1_1?s=books&ie=UTF8&qid=1323278851&sr=1-1
https://doi.org/10.1111/ele.12217
https://doi.org/10.1111/j.1474-919X.2008.00899.x
https://doi.org/10.1111/j.1474-919X.2008.00899.x
https://doi.org/10.1111/ele.12279
https://doi.org/10.1111/ele.13151
https://doi.org/10.1111/ele.13151
https://doi.org/10.1098/rstb.2011.0015
https://doi.org/10.1098/rstb.2011.0015
https://doi.org/10.1126/science.199.4335.1302
https://doi.org/10.1126/science.199.4335.1302
https://doi.org/10.1111/j.1461-0248.2008.01253.x
https://doi.org/10.1111/j.1461-0248.2008.01253.x
https://doi.org/10.1525/cond.2008.8409
https://doi.org/10.1111/geb.12759
https://doi.org/10.1002/ecs2.2402
https://doi.org/10.1111/j.1365-2486.2010.02247.x
https://doi.org/10.1111/j.1749-6632.2010.05925.x
https://doi.org/10.1111/geb.12130
https://doi.org/10.1016/j.landurbplan.2011.02.033
https://doi.org/10.1016/j.landurbplan.2011.02.033
https://doi.org/10.1890/09-1905.1
https://doi.org/10.1073/pnas.1501489112
https://doi.org/10.1073/pnas.1501489112

PLANILLO ET AL.

“LowiLey-

Galic, N., Grimm, V., & Forbes, V. E. (2017). Impaired ecosystem process
despite little effects on populations: Modeling combined effects
of warming and toxicants. Global Change Biology, 23, 2973-2989.
https://doi.org/10.1111/gcbh.13581

Gardiner, T., Hill, J., & Chesmore, D. (2005). Review of the Methods
Frequently Used to Estimate the Abundance of Orthoptera in
Grassland Ecosystems. Journal of Insect Conservation, 9(3), 151-173.
https://doi.org/10.1007/s10841-005-2854-1

Garnier, A., Pennekamp, F., Lemoine, M., & Petchey, O. L. (2017).
Temporal scale dependent interactions between multiple envi-
ronmental disturbances in microcosm ecosystems. Global Change
Biology, 23, 5237-5248. https://doi.org/10.1111/gcb.13786

Gelman, A., & Rubin, D. B. (1992). Inference from iterative simulation
using multiple sequences. Statistical Science, 7(4), 457-472. https://
doi.org/10.1214/ss/1177011136

Gelmi-Candusso, T. A., & Hamaéldinen, A. M. (2019). Seeds and the city:
The interdependence of zoochory and ecosystem dynamics in urban
environments. Frontiers in Ecology and Evolution, 7, 41. https://doi.
org/10.3389/fevo.2019.00041

Goldshtein, A., Markman, S., Leshem, Y., Puchinsky, M., & Charter,
M. (2018). Nest-site interference competition with House
Sparrows affects breeding success and parental care in Great Tits.
Journal of Ornithology, 159(3), 667-673. https://doi.org/10.1007/
s10336-018-1541-4

Gras, P., Knuth, S., Borner, K., Marescot, L., Benhaiem, S., Aue, A.,
& Kramer-Schadt, S. (2018). Landscape Structures Affect Risk
of Canine Distemper in Urban Wildlife. Frontiers in Ecology and
Evolution, 6, 136.

Greggor, A. L., Clayton, N. S., Fulford, A. J. C., & Thornton, A. (2016).
Street smart: Faster approach towards litter in urban areas by highly
neophobic corvids and less fearful birds. Animal Behaviour, 117, 123-
133. https://doi.org/10.1016/j.anbehav.2016.03.029

Hacker, S. D., & Gaines, S. D. (1997). Some implications of direct pos-
itive interactions for community species diversity. Ecology, 78(7),
1990-2003.

Hale, R., & Swearer, S. E. (2017). When good animals love bad restored
habitats: How maladaptive habitat selection can constrain resto-
ration. Journal of Applied Ecology, 54(5), 1478-1486. https://doi.
org/10.1111/1365-2664.12829

Hallmann, C. A., Sorg, M., Jongejans, E., Siepel, H., Hofland, N., Schwan,
H., & De Kroon, H. (2017). More than 75 percent decline over 27
years in total flying insect biomass in protected areas. PLoS One,
12(10), e0185809. https://doi.org/10.1371/journal.pone.0185809

Harrison, T., & Winfree, R. (2015). Urban drivers of plant-pollina-
tor interactions. Functional Ecology, 29, 879-888. https://doi.
org/10.1111/1365-2435.12486

He, Q., Bertness, M. D., & Altieri, A. H. (2013). Global shifts towards
positive species interactions with increasing environmental stress.
Ecology Letters, 16(5), 695-706. https://doi.org/10.1111/ele.12080

Hill, D., Fasham, M., Tucker, G., Shewry, M., & Shaw, P. (2005). Handbook
of biodiversity methods: Survey, evaluation and monitoring, Cambridge,
England: Cambridge University Press.

HilleRisLambers, J., Adler, P. B., Harpole, W. S, Levine, J. M., & Mayfield,
M. M. (2012). Rethinking Community Assembly through the Lens
of Coexistence Theory. Annual Review of Ecology, Evolution, and
Systematics, 43(1), 227-248. https://doi.org/10.1146/annurev-ecols
ys-110411-160411

Hollander, F. A., van Dyck, H., San Martin, G., & Titeux, N. (2011).
Maladaptive habitat selection of a migratory passerine bird in a
human-modified landscape. PLoS One, 6(9), €25703. https://doi.
org/10.1371/journal.pone.0025703

Del Hoyo, J., Elliot, A., & Sargata, J. (2004). Hand-book of the birds of the
world. Volumen 9. Lynx Editions.

lves, C. D., Lentini, P. E., Threlfall, C. G, Ikin, K., Shanahan, D. F., Garrard,
G. E., & Kendal, D. (2016). Cities are hotspots for threatened

species. Global Ecology and Biogeography, 25(1), 117-126. https://doi.
org/10.1111/geb.12404

Jokimiki, J., & Suhonen, J. (1998). Distribution and habitat selection of
wintering birds in urban environments. Landscape and Urban Planning,
39(4), 253-263. https://doi.org/10.1016/50169-2046(97)00089-3

Jokiméki, J., Suhonen, J., Jokimaki-Kaisanlahti, M. L., & Carbé-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

Karakog, C., Radchuk, V. Harms, H., & Chatzinotas, A. (2018).
Interactions between predation and disturbances shape prey com-
munities. Scientific Reports, 8(1), 2968. https://doi.org/10.1038/
s41598-018-21219-x

Kark, S., lwaniuk, A., Schalimtzek, A., & Banker, E. (2007). Living in the city:
Can anyone become an “urban exploiter”? Journal of Biogeography,
34(4), 638-651. https://doi.org/10.1111/j.1365-2699.2006.01638.x

Kowarik, I. (2011). Novel urban ecosystems, biodiversity, and conser-
vation. Environmental Pollution, 159(8-9), 1974-1983. https://doi.
org/10.1016/j.envpol.2011.02.022

Lepczyk, C. A., Aronson, M. F. J. J,, Evans, K. L., Goddard, M. A., Lerman,
S. B., & Macivor, 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

Leveau, L. M., Jokimiki, J., & Kaisanlahti-Jokimaki, M. L. (2017). Scale
dependence of biotic homogenisation by urbanisation: A compar-
ison of urban bird communities between central Argentina and
northern Finland. European Journal of Ecology, 3(2), 1-18. https://doi.
org/10.1515/eje-2017-0011

Martin, P. R., & Bonier, F. (2018). Species interactions limit the occur-
rence of urban-adapted birds in cities. Proceedings of the National
Academy of Sciences, 115(49), E11495. https://doi.org/10.1073/
pnas.1809317115

Marzluff, J. M. (2017). A decadal review of urban ornithology and a pro-
spectus for the future. Ibis, 159(1), 1-13. https://doi.org/10.1111/
ibi.12430

Mata, L., Goula, M., & Hahs, A. K. (2014). Conserving insect assemblages
in urban landscapes: Accounting for species-specific responses and
imperfect detection. Journal of Insect Conservation, 18(5), 885-894.
https://doi.org/10.1007/s10841-014-9696-7

Matthies, S. A., Rater, S., Schaarschmidt, F., & Prasse, R. (2017).
Determinants of species richness within and across taxonomic
groups in urban green spaces. Urban Ecosystems, 20(4), 897-909.
https://doi.org/10.1007/s11252-017-0642-9

McKinney, M. L. (2002). Urbanization, Biodiversity, and Conservation:
The impacts of urbanization on native species are poorly stud-
ied, but educating a highly urbanized human population
about these impacts can greatly improve species conserva-
tion in all ecosystems. BioScience, 52(10), 883-890. https://doi.
org/10.1641/0006-3568(2002)052[0883:UBAC]2.0.CO;2

McKinney, M. L. (2006). Urbanization as a major cause of biotic ho-
mogenization. Biological Conservation, 127(3), 247-260. https://doi.
org/10.1016/j.biocon.2005.09.005

McKinney, M. L. (2008). Effects of urbanization on species richness: A re-
view of plants and animals. Urban Ecosystems, 11(2), 161-176. https://
doi.org/10.1007/s11252-007-0045-4

Melles, S., Glen, S., & Martin, R.. (2003). Urban bird diversity and
landscape complexity: Species-environment associations along a
Multivariate habitat gradient. Conservation Ecology, 7(1), 5-27.

Moller, M., Blick, T., & Buchholz, S. (2019). Spinnen der Trockenrasen in
und um Berlin - Vielfalt, Verbreitung und Gefahrdung. Arachnology
Letters, 58, 52-61.

Morelli, F., Benedetti, Y., Ibafiez-Alamo, J. D., Jokimaki, J., Mand, R.,
Tryjanowski, P., & Mgiller, A. P. (2016). Evidence of evolutionary
homogenization of bird communities in urban environments across


https://doi.org/10.1111/gcb.13581
https://doi.org/10.1007/s10841-005-2854-1
https://doi.org/10.1111/gcb.13786
https://doi.org/10.1214/ss/1177011136
https://doi.org/10.1214/ss/1177011136
https://doi.org/10.3389/fevo.2019.00041
https://doi.org/10.3389/fevo.2019.00041
https://doi.org/10.1007/s10336-018-1541-4
https://doi.org/10.1007/s10336-018-1541-4
https://doi.org/10.1016/j.anbehav.2016.03.029
https://doi.org/10.1111/1365-2664.12829
https://doi.org/10.1111/1365-2664.12829
https://doi.org/10.1371/journal.pone.0185809
https://doi.org/10.1111/1365-2435.12486
https://doi.org/10.1111/1365-2435.12486
https://doi.org/10.1111/ele.12080
https://doi.org/10.1146/annurev-ecolsys-110411-160411
https://doi.org/10.1146/annurev-ecolsys-110411-160411
https://doi.org/10.1371/journal.pone.0025703
https://doi.org/10.1371/journal.pone.0025703
https://doi.org/10.1111/geb.12404
https://doi.org/10.1111/geb.12404
https://doi.org/10.1016/S0169-2046(97)00089-3
https://doi.org/10.1007/s11252-014-0423-7
https://doi.org/10.1038/s41598-018-21219-x
https://doi.org/10.1038/s41598-018-21219-x
https://doi.org/10.1111/j.1365-2699.2006.01638.x
https://doi.org/10.1016/j.envpol.2011.02.022
https://doi.org/10.1016/j.envpol.2011.02.022
https://doi.org/10.1093/biosci/bix079
https://doi.org/10.1093/biosci/bix079
https://doi.org/10.1515/eje-2017-0011
https://doi.org/10.1515/eje-2017-0011
https://doi.org/10.1073/pnas.1809317115
https://doi.org/10.1073/pnas.1809317115
https://doi.org/10.1111/ibi.12430
https://doi.org/10.1111/ibi.12430
https://doi.org/10.1007/s10841-014-9696-7
https://doi.org/10.1007/s11252-017-0642-9
https://doi.org/10.1641/0006-3568(2002)052%5B0883:UBAC%5D2.0.CO;2
https://doi.org/10.1641/0006-3568(2002)052%5B0883:UBAC%5D2.0.CO;2
https://doi.org/10.1016/j.biocon.2005.09.005
https://doi.org/10.1016/j.biocon.2005.09.005
https://doi.org/10.1007/s11252-007-0045-4
https://doi.org/10.1007/s11252-007-0045-4

PLANILLO ET AL.

Europe. Global Ecology and Biogeography, 25, 1284-1293. https://doi.
org/10.1111/geb.12486

Miiller-Motzfeld, G. (2006). Bd. 2, Adephaga 1: Carabidae (Laufkéfer). In
H. Freude, K. W. Harde, G. A. Lohse, & B. Klausnitzer (Eds.), Die Kafer
Mitteleuropas. Heidelberg/Berlin, Germany: Spektrum-Verlag.

Mumme, R. L., Schoech, S. J., Woolfenden, G. E., & Fitzpatrick, J. W.
(2000). Life and death in the fast lane: Demographic consequences
of road mortality in the Florida Scrub-Jay. Conservation Biology, 14(2),
501-512. https://doi.org/10.1046/j.1523-1739.2000.98370.x

Ovaskainen, O., Tikhonov, G., Norberg, A., Guillaume Blanchet, F., Duan,
L., Dunson, D., & Abrego, N. (2017). How to make more out of com-
munity data? A conceptual framework and its implementation as
models and software. Ecology Letters, 20(5), 561-576. https://doi.
org/10.1111/ele.12757

Peach, W. J., Vincent, K. E., Fowler, J. A., & Grice, P. V. (2008).
Reproductive success of house sparrows along an urban gra-
dient. Animal Conservation, 11(6), 493-503. https://doi.
org/10.1111/j.1469-1795.2008.00209.x

Planillo, A., Kramer-Schadt, S., & Malo, J. E. (2015). Transport infrastruc-
ture shapes foraging habitat in a raptor community. PLoS One, 10(3),
e0118604. https://doi.org/10.1371/journal.pone.0118604

Plummer, K. E., Risely, K., Toms, M. P., & Siriwardena, G. M. (2019). The
composition of British bird communities is associated with long-term
garden bird feeding. Nature Communications, 10(1), 2088. https://
doi.org/10.1038/s41467-019-10111-5

Plummer, M., Best, N., Cowles, K., & Vines, K.(2006). CODA: Convergence
Diagnosis and Output Analysis for MCMC. R News, 6, 7-11.

Pollock, L. J., Tingley, R., Morris, W. K., Golding, N., O'Hara, R. B., Parris,
K. M., & Mccarthy, M. A. (2014). Understanding co-occurrence by
modelling species simultaneously with a Joint Species Distribution
Model (JSDM). Methods in Ecology and Evolution, 5(5), 397-406.
https://doi.org/10.1111/2041-210X.12180

Prange, S., Gehrt, S., & Wiggers, E. (2003). Demographic Factors
Contributing to High Raccoon Densities in Urban Landscapes. Journal of
Wildlife Management, 67, 324-333. https://doi.org/10.2307/3802774

Proppe, D. S., Sturdy, C. B., & St. Clair, C. (2013). Anthropogenic noise
decreases urban songbird diversity and may contribute to homog-
enization. Global Change Biology, 19(4), 1075-1084. https://doi.
org/10.1111/gcb.12098

R Core Team (2019). R: A language and environment for statistical comput-
ing. R Foundation for Statistical Computing, Vienna, Austria. Retrieved
from https://www.r-project.org/.

Rebolo-Ifran, N., Tella, J. L., & Carrete, M. (2017). Urban conservation
hotspots: Predation release allows the grassland-specialist burrow-
ing owl to perform better in the city. Scientific Reports, 7(1), 3527.
https://doi.org/10.1038/s41598-017-03853-z

Ribeiro, J. W., Siqueira, T., Brejao, G. L., & Zipkin, E. F. (2018). Effects
of agriculture and topography on tropical amphibian species and
communities. Ecological Applications, 28(6), 1554-1564. https://doi.
org/10.1002/eap.1741

Roberts, M. (1987). The spiders of Great Britain and Ireland Volume 2:
Linyphiidae and checklist. : Harley Books.

Roberts, M. (1998). Spinnen Gids. Tirion.

Robertson, O. J., McAlpine, C., House, A., & Maron, M. (2013). Influence
of Interspecific Competition and Landscape Structure on Spatial
Homogenization of Avian Assemblages. PLoS One, 8(5), 1-8. https://
doi.org/10.1371/journal.pone.0065299

Rosenberg, K. V., Dokter, A. M., Blancher, P. J,, Sauer, J. R, Smith, A. C,,
Smith, P. A., & Marra, P. P. (2019). Decline of the North American avi-
fauna. Science, 366(6461), 120-124. https://doi.org/10.1126/scien
ce.aaw1313.

Sala, O. E., Chapin, F. S., Armesto, J. J., Berlow, E., Bloomfield, J., Dirzo,
R., & Wall, D. H. (2000). Global biodiversity scenarios for the year
2100. Science, 287(5459), 1770-1774. https://doi.org/10.1126/scien
ce.287.5459.1770

Covrsiy s isrbrions VTRV

Samplonius, J. M., BartoSova, L., Burgess, M. D., Bushuev, A. V., Eeva, T.,
lvankina, E. V., & Both, C. (2018). Phenological sensitivity to climate
change is higher in resident than in migrant bird populations among
European cavity breeders. Global Change Biology, 24(8), 3780-3790.
https://doi.org/10.1111/gcb.14160

Seress, G., Bokony, V., Pipoly, I., Szép, T., Nagy, K., & Liker, A. (2012).
Urbanization, nestling growth and reproductive success in a mod-
erately declining house sparrow population. Journal of Avian Biology,
43(5), 403-414. https://doi.org/10.1111/j.1600-048X.2012.05527.x

Seress, G., Hammer, T., Békony, V., Vincze, E., Preiszner, B., Pipoly, ., & Liker,
A. (2018). Impact of urbanization on abundance and phenology of cater-
pillars and consequences for breeding in an insectivorous bird. Ecological
Applications, 28(5), 1143-1156. https://doi.org/10.1002/eap.1730

Shochat, E., Lerman, S., & Fernandez-Juricic, E.(2010). Birds in
Urban Ecosystems: Population Dynamics, Community Structure,
Biodiversity, and Conservation. In J. Aitkenhead-Peterson & A.
Volder (Eds.), Agronomy Monographs SV - 55. Urban Ecosystem Ecology
(pp. 75-86). https://doi.org/10.2134/agronmonogr55.c4

Shochat, E., Warren, P. S., Faeth, S. H., MciIntyre, N. E., & Hope, D.
(2006). From patterns to emerging processes in mechanistic urban
ecology. Trends in Ecology and Evolution, 21(4), 186-191. https://doi.
org/10.1016/j.tree.2005.11.019

Sol, D., Gonzalez-Lagos, C., Lapiedra, O., & Diaz, M.. (2017). Why Are
Exotic Birds So Successful in Urbanized Environments?. In E. Murgui
& M. Hedblom (Eds.), Ecology and Conservation of Birds in Urban
Environments. https://doi.org/10.1007/978-3-319-43314-1_5

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

Stillfried, M., Fickel, J., Bérner, K., Wittstatt, U., Heddergott, M., Ortmann,
S., & Frantz, A. C. (2017). Do cities represent sources, sinks or isolated
islands for urban wild boar population structure? Journal of Applied
Ecology, 54(1), 272-281. https://doi.org/10.1111/1365-2664.12756

Stracey, C.M.,&Robinson, S.K.(2012). Are urban habitats ecological traps
for a native songbird? Season-long productivity, apparent survival,
and site fidelity in urban and rural habitats. Journal of Avian Biology,
43(1), 50-60. https://doi.org/10.1111/j.1600-048X.2011.05520.x

Strasser, E. H., & Heath, J. A. (2013). Reproductive failure of a hu-
man-tolerant species, the American kestrel, is associated with stress
and human disturbance. Journal of Applied Ecology, 50(4), 912-919.
https://doi.org/10.1111/1365-2664.12103

Sudbeck, P., Andretzke, H., Fischer, S., Gedeon, K., Schikore, T., Schroder,
K., &Sudfed, C.. (2005). Methodenstandards zur Erfassung der
Brutvégel Deutschlands. Dachverband Deutscher Avifaunisten.

Threlfall, C. G., Williams, N. S. G., Hahs, A. K., & Livesley, S. J. (2016).
Approaches to urban vegetation management and the impacts on
urban bird and bat assemblages. Landscape and Urban Planning, 153,
28-39. https://doi.org/10.1016/j.landurbplan.2016.04.011

Tikhonov, G., Opedal, @., Abrego, N., Lehikoinen, A., & Ovaskainen, O.
(2019). Joint species distribution modelling with HMSC-R. BioRxiv,
603217. https://doi.org/10.1101/603217

United Nations (2018). World Urbanization Prospects 2018. Retrieved
from webpage website: https://population.un.org/wup/

Wang, Y., Naumann, U., Wright, S. T., & Warton, D. I. (2012). Mvabund-
an R package for model-based analysis of multivariate abundance
data. Methods in Ecology and Evolution, 3(3), 471-474. https://doi.
org/10.1111/j.2041-210X.2012.00190.x

Warton, D. |, Blanchet, F. G., O’Hara, R. B., Ovaskainen, O., Taskinen,
S., Walker, S. C., & Hui, F. K. C. (2015). So Many Variables: Joint
Modeling in Community Ecology. Trends in Ecology and Evolution,
30(12), 766-779. https://doi.org/10.1016/j.tree.2015.09.007

Wilman, H., Belmaker, J., Simpson, J., de la Rosa, C., Rivadeneira, M. M.,
& Jetz, W. (2014). EltonTraits 1.0: Species-level foraging attributes
of the world’s birds and mammals. Ecology, 95(7), 2027. https://doi.
org/10.1890/13-1917.1


https://doi.org/10.1111/geb.12486
https://doi.org/10.1111/geb.12486
https://doi.org/10.1046/j.1523-1739.2000.98370.x
https://doi.org/10.1111/ele.12757
https://doi.org/10.1111/ele.12757
https://doi.org/10.1111/j.1469-1795.2008.00209.x
https://doi.org/10.1111/j.1469-1795.2008.00209.x
https://doi.org/10.1371/journal.pone.0118604
https://doi.org/10.1038/s41467-019-10111-5
https://doi.org/10.1038/s41467-019-10111-5
https://doi.org/10.1111/2041-210X.12180
https://doi.org/10.2307/3802774
https://doi.org/10.1111/gcb.12098
https://doi.org/10.1111/gcb.12098
https://www.r-project.org/
https://doi.org/10.1038/s41598-017-03853-z
https://doi.org/10.1002/eap.1741
https://doi.org/10.1002/eap.1741
https://doi.org/10.1371/journal.pone.0065299
https://doi.org/10.1371/journal.pone.0065299
https://doi.org/10.1126/science.aaw1313
https://doi.org/10.1126/science.aaw1313
https://doi.org/10.1126/science.287.5459.1770
https://doi.org/10.1126/science.287.5459.1770
https://doi.org/10.1111/gcb.14160
https://doi.org/10.1111/j.1600-048X.2012.05527.x
https://doi.org/10.1002/eap.1730
https://doi.org/10.2134/agronmonogr55.c4
https://doi.org/10.1016/j.tree.2005.11.019
https://doi.org/10.1016/j.tree.2005.11.019
https://doi.org/10.1007/978-3-319-43314-1_5
https://doi.org/10.1111/ele.12297
https://doi.org/10.1111/1365-2664.12756
https://doi.org/10.1111/j.1600-048X.2011.05520.x
https://doi.org/10.1111/1365-2664.12103
https://doi.org/10.1016/j.landurbplan.2016.04.011
https://doi.org/10.1101/603217
https://population.un.org/wup/
https://doi.org/10.1111/j.2041-210X.2012.00190.x
https://doi.org/10.1111/j.2041-210X.2012.00190.x
https://doi.org/10.1016/j.tree.2015.09.007
https://doi.org/10.1890/13-1917.1
https://doi.org/10.1890/13-1917.1

PLANILLO ET AL.

“ LwiLey-

Yodzis, P. (1981). The stability of real ecosystems. Nature, 289, 674-676.
https://doi.org/10.1038/289674a0

Youngflesh, C. (2018). MCMCuvis: Tools to Visualize, Manipulate, and
Summarize MCMC Output. Journal of Open Source Software, 3, 640.

SUPPORTING INFORMATION
Additional supporting information may be found online in the
Supporting Information section.

How to cite this article: Planillo A, Kramer-Schadt S,
Buchholz S, Gras P, von der Lippe M, Radchuk V. Arthropod
abundance modulates bird community responses to
urbanization. Divers Distrib 2020;00:1-16. https://doi.
org/10.1111/ddi.13169



https://doi.org/10.1038/289674a0
https://doi.org/10.1111/ddi.13169
https://doi.org/10.1111/ddi.13169

