
Functional diversity of urban bird communities: effects of
landscape composition, green space area and vegetation
cover
Claudia Sch€utz & Christian H. Schulze

Department of Botany and Biodiversity Research, University of Vienna, Vienna, Austria

Keywords

Avifaunal richness, ecological function,

environmental filter, landscape composition,

tree cover, urban birds, urban ecology, urban

green area.

Correspondence

Claudia Sch€utz, Department of Botany and

Biodiversity Research, University of Vienna,

Vienna, Austria.

Tel: +43 1 4277 57402;

E-mail: claudia.schuetz@univie.ac.at

Funding Information

This article was supported by the Open

Access Publishing Fund of the University of

Vienna.

Received: 11 September 2014; Revised: 1

September 2015; Accepted: 10 September

2015

Ecology and Evolution 2015; 5(22):

5230–5239

doi: 10.1002/ece3.1778

Abstract

In this study, we aim to gain a better insight on how habitat filtering due to

urbanization shapes bird communities of Vienna city parks. This may help to

derive implications for urban planning in order to promote and maintain

high diversity and ecosystem function in an increasing urbanized environ-

ment. The structure of wintering bird communities of 36 Vienna city parks –
surveyed once a month in January 2009, December 2009, December 2012,

and January 2013 – was described by species richness and the functional

diversity measurements FRic (functional richness), FEve (functional evenness),

and FDiv (functional divergence). Environmental filtering was quantified by

park size, canopy heterogeneity within the park, and the proportion of sealed

area surrounding each park. Species richness, FRic, and FDiv increased with

increasing park size. Sealed area had a strong negative effect on species rich-

ness and FDiv. Canopy heterogeneity played a minor role in explaining vari-

ance in FDiv data. FEve did not respond to any of these park parameters.

Our results suggest a loss of species richness and functional diversity, hence

most likely indicate a decline in ecosystem function, with decreasing park size

and increasing sealed area of the surrounding urban landscape matrix.

Introduction

As the human population is continuously growing, land-

scapes are increasingly affected by urbanization. In 2010,

more than 50% of the world population inhabited urban

areas, and by 2050, even 70% of the human population

are expected to live in cities (UN 2012). This ongoing

urban development leads to a fragmentation, isolation,

and degradation of natural habitats, being accompanied

by severe impacts on the biotic communities living in

urban environments (Alberti 2005; McKinney 2006), such

as arthropods (Bergerot et al. 2011; Vergnes et al. 2012),

reptiles and amphibians (Hamer and McDonnell 2010),

or small mammals (Gomes et al. 2011).

Numerous studies on urban bird communities have

also already shown that urbanization can cause changes

in community composition, a decrease in species richness,

and a loss of species diversity (Marzluff 2001; Chace and

Walsh 2006; Reis et al. 2012; Yu and Guo 2013; Ferenc

et al. 2014). Urbanization acts as an environmental filter,

resulting in higher functional similarity of bird commu-

nity with increasing urbanization (Croci et al. 2008; Mef-

fert and Dziock 2013; Sol et al. 2014). Although all these

studies report a decrease in functional diversity due to

urbanization, these results are heterogeneous, often lack-

ing standard and well-known indices (Filippi-Codaccioni

et al. 2009). Additionally, Mason et al. (2005) argued that

functional diversity cannot be quantified by a single

index. To consider the different facets of functional diver-

sity, the indices FRic (functional richness), FEve (func-

tional evenness), and FDiv (functional divergence) were

proposed, as they are continuous, abundance based (FEve,

FDiv), incorporate multiple functional traits, and are

independent of species richness (FEve, FDiv) and of each

other (V�ılleger et al. 2008; Mouchet et al. 2010). FRic is

used for quantifying the niche space filled by a commu-
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nity (V�ılleger et al. 2008). Functional evenness describes

the evenness of abundance distribution of species in a

niche space (V�ılleger et al. 2008). FDiv represents the

abundance distribution within the functional trait space

occupied by a community (V�ılleger et al. 2008). The first

studies testing how these different facets of functional

diversity respond to habitat and landscape modification

have already shown that habitat filtering can shape bird

communities in fragmented systems (Filippi-Codaccioni

et al. 2009; Ding et al. 2013; Barbaro et al. 2014).

Birds are particularly suitable to analyze functional

diversity patterns as there is comprehensive information

available on their biological characteristics (e.g., Glutz

von Blotzheim 1985–1999; Dunning 2008), which is

essential when working with functional diversity measure-

ments based on morphological, physiological, and behav-

ioral traits.

In our study, environmental filtering will be character-

ized at two spatial scales. On a local scale, the city park

characteristics park size and canopy heterogeneity will be

considered. Park size has already been identified to be

one of the most important factors influencing bird diver-

sity and community composition in city parks with larger

parks showing higher taxonomic and functional avian

diversity than smaller ones due to an increase in habitat

complexity (Jokim€aki 1999; Fern�andez-Juricic 2000a;

Fern�andez-Juricic and Jokim€aki 2001). As in geographical

regions naturally covered by forest, city parks with high

amounts of woody vegetation are predominantly inhab-

ited by forest birds and vegetation variables such as foli-

age cover, tree height, or area of woodlot often play an

important role (Jokim€aki 1999; MacGregor-Fors 2008). In

our study, canopy heterogeneity (perimeter of closed

canopy/area of closed canopy) of city parks – as size-

independent vegetation variable – will be considered. A

high degree of canopy heterogeneity indicates a higher

fragmentation of tree cover within a city park and may

influence functional diversity of bird communities, as spe-

cies being habituated to human activities are known to be

edge specialists, whereas species with specific habitat

requirements depend on the interior areas of closed

woodlot (Fern�andez-Juricic 2001). On a landscape scale,

we expect that environmental filtering will be driven by

the urban matrix adjacent to each city park, which can

modify connectivity of remaining green spaces. Landscape

connectivity, defined as the “degree to which the land-

scapes facilitate or impede movement among resource

patches” (Tischendorf and Fahrig 2000), can be a key fac-

tor for maintaining species diversity in fragmented land-

scapes (Martensen et al. 2008; Shanahan et al. 2011). As a

result, also city parks surrounded by a less urbanized

landscape show higher numbers of bird species and indi-

viduals, attracting especially woodland species, insecti-

vores, and cavity nesting birds (Carb�o-Ram�ırez and Zuria

2011; Ikin et al. 2013).

This study examines how habitat filtering due to

urbanization influences functional trait distributions and

as a consequence structures bird communities of Vienna

city parks. Therefore, species richness and the three func-

tional diversity indices FRic, FEve, and FDiv will be used

to gain a better insight on the influence of environmental

filters shaping bird communities of human-dominated

landscapes (V�ılleger et al. 2008). In accordance with the

results of other studies (Reis et al. 2012; Yu and Guo

2013), we also expect a loss of species diversity with

increasing urbanization. Furthermore, we predict a

decrease in FRic with increasing urbanization, due to

increased functional similarity of bird species in highly

urbanized areas (Luck and Smallbone 2011; Meffert and

Dziock 2013). Birds vary in their ability to adapt to

changes along the urban–rural gradient, with urbanization

filtering for species based on their biological traits

(McKinney 2002; Chace and Walsh 2006). Hence, with

increasing urbanization, we expect a functionally more

concentrated distribution of species within functional

space, leading to a decrease in FDiv. A few dominant spe-

cies possess superior abilities for living in urban environ-

ments, become even dependent on urban resources, and

peak in their abundances in the urban core area (McKin-

ney 2002). Therefore, we expect a decrease in FEve with a

higher degree of urbanization.

Materials and Methods

Study area

The study was carried out in Vienna (48°130 N, 16°220

E), the capital city of Austria, located at the northeastern

extension of the Alps and predominantly situated within

the Vienna Basin (Berger and Ehrendorfer 2011). A total

of 208.42 km2 (50.2%) of the city area is not built-up.

Nearly 6% consist of city parks and other man-made

green space. Bird communities were assessed in 36 city

parks, ranging from 0.4 ha to 34.5 ha in size and spread

across the built-up area of Vienna, southwest of the river

Danube (Fig. 1).

Quantification of city park habitat variables
and urban matrix

For each city park, area and tree cover were considered.

Park size was calculated in ArcGIS 10.0 (ESRI, Redlands,

CA, USA) based on Vienna land use data of the year

2009 (Table S1). Tree cover of each city park was digi-

tized in ArcGIS 10.0 (ESRI) using satellite images of the

map service “ArcGIS Online basemaps” (0.3-m spatial
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resolution, date of origin: August 2011). For calculating

the canopy cover heterogeneity of each city park, the

perimeter of digitized canopy (m) was divided by the area

of closed canopy (m2), defined as closed leaf cover toler-

ating gaps up to 5 m (Table S1).

The urban landscape surrounding each city park was

described based on Vienna land use data from the period

2010 to 2012. In ArcGIS 10.0 (ESRI), a circle with a

radius of 500 m – centered on the centroid of each park

– was clipped out of the land use shape file. Then, the 55

categories of the land use data were simplified to four

categories, describing the permeability of the landscape

for avifauna: natural green space (e.g., pasture), man-

made green space (e.g., lawn, meadow, and other

unsealed areas), sealed areas (e.g., roads, buildings), and

forest/tree-covered areas. For each land use category, the

area within the circle was calculated, excluding the park

area. The proportion of the park area within the circle of

radius 500 m varied between 0.5% for the smallest park

(B€orsepark: 0.4 ha) and 44% for the largest park (Augar-

ten: 34.5 ha).

Bird surveys

Available data on wintering bird communities of Vienna

city parks – covering 3 years – were used. Bird surveys

were carried out by groups averagely consisting of at least

one experienced field ornithologist, being assisted by three

further observers. Surveys were conducted once a month

in January 2009, December 2009, December 2012, and

Figure 1. Overview on 36 city parks of Vienna where bird surveys were carried out. Black circles indicate the midpoint of each city park; city

park codes refer to Table S1.
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January 2013. Each park was surveyed between 08:00 AM

and 15:30 PM under good weather conditions (i.e., avoid-

ing windy days and/or days of heavy rain and snowfall,

respectively). Sampling effort was standardized according

to park size (10 min per 1 ha). The existing road network

within a park was used for survey routes, trying to cover

the entire area of the park in a zigzag manner. Carrying

out surveys from existing roads may cause samples unrep-

resentative of the surrounding area because of greater dis-

turbance and presence of “edge habitats” close to the

roads (Buckland et al. 2008). However, the density of

roads and paths in the surveyed Vienna city parks is

rather high and our surveys were conducted during the

winter, when the majority of trees are without leaves.

Hence, we think that most of the bird species could be

detected and neither using path-based transects nor vary-

ing detectability of bird species was a major source of

bias. All species and the number of birds heard or seen

were recorded (except overflying birds), avoiding double-

counting as effectively as possible (Table S2). Waterfowl

and birds with a strong affiliation to water (e.g., Grey

Wagtail Motacilla cinerea) were excluded from further

analyses as their occurrence is strongly driven by the pres-

ence of suitable waterbodies.

Quantification of avian functional diversity

Functional diversity was quantified by using four mea-

surements. For each city park, species richness, indicating

taxonomic diversity, was quantified as the total number

of observed species in the survey months January 2009,

December 2009, December 2012, and January 2013.

Furthermore, three functional diversity metrics were

used. For measuring FRic, quantifying the volume of

functional trait space occupied, the convex hull volume

was calculated, using the Quickhull algorithm (Barber

et al. 1996; V�ılleger et al. 2008). Basically, this convex hull

algorithm determines the most extreme trait values, links

them to build the convex hull, and calculates the volume

of this convex hull (V�ılleger et al. 2008). For calculating

FEve, a minimum spanning tree is used that links all the

points in a multidimensional trait space with the mini-

mum sum of branch lengths (V�ılleger et al. 2008). Func-

tional evenness then measures the regularity of points

along this tree and the regularity in their abundances

(V�ılleger et al. 2008). FDiv is measured using an index

that quantifies how species differ in their distances

(weighted by their abundances) from the center of gravity

in the functional space (V�ılleger et al. 2008).

For calculating functional diversity indices, a trait

matrix was built. Twenty functional traits were selected,

which are commonly used in functional diversity research

of bird communities (Petchey et al. 2007; Flynn et al.

2009; Ding et al. 2013), describing how organisms acquire

resources from their environment and reflecting resource

use requirements (Tables 1, S3). Data on the trait cate-

gories foraging substrate, foraging method, and diet were

extracted from faunal monographs (Glutz von Blotzheim

1985–1999). Data on body mass were extracted from

Dunning (2008). The functional diversity metrics were

calculated in R 2.15.1 (R Core Team 2012), using the

function dbFD of the FD package (Lalibert�e and Legendre

2010; Lalibert�e and Shipley 2011).

Statistical analysis

Due to strong multicollinearity of urban landscape vari-

ables, we selected the variable sealed area as proxy for

landscape permeability (Table S4). An increasing fraction

of sealed areas proved to negatively affect bird species

richness in urban areas (Fontana et al. 2011).

Multiple linear regressions were carried out to describe

relationships between city park variables and taxonomical

and functional diversity measures of bird communities. In

advance, park size was log-transformed (log x + 1) to

improve the fit to normality. Models were fitted using all

predictor variables and possible subsets. To identify pre-

dictor variables with the strongest influence on the

response variables, models were ranked according to their

Table 1. Functional traits used for calculating functional diversity

indices of wintering bird communities in Vienna city parks.

Trait category Trait

Type of

variable

Range or short

description of

categories

Resource

quantity

Body mass [g] Continuous 6.8–1246.8

Foraging

substrate

Ground Categorical 0 = not used

Foliage 1 = rarely used

Bark 2 = moderately used

Air 3 = often used

Foraging

method

Gleaning Categorical 0 = not used

Pecking 1 = rarely used

Hawking 2 = moderately used

Sally 3 = often used

Probing

Diet Mammals Categorical

Fishes

Amphibians,

reptiles

Birds 0 = not used

Carrion 1 = rarely used

Arthropods 2 = moderately used

Annelids 3 = often used

Snails

Fruits

Seeds
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information content determined by the Akaike’s informa-

tion criterion corrected for small-sample bias (AICc) as

the sample size divided by the number of parameters

included in the models was <40 (Symonds and Moussalli

2011). Best models, having lowest AICc values and thus

highest Akaike weights (as the relative likelihood of the

model being the best), were considered to have the best

fit with the data. Models that had an AICc difference (Δi)

<2 from the best model were considered to be “best

ranked.” To describe the effects of the variables that

affected the functional diversity measures after controlling

for other variables, b coefficients were used. Furthermore,

predicted relationships between avian diversity measures

and the park characteristics included in the models with

the lowest AICc value were plotted. All statistical analyses

were carried out using the R packages AICcmodavg, rms,

and QuantPsyc.

Results

Park size was included in four of the six best ranked models

of taxonomical and functional diversity metrics and posi-

tively affected species richness, FRic, and FDiv (Fig. 2,

Table 2). Sealed area was part of the best ranked models for

species richness and FDiv and had strong negative effects

on these two bird metrics (Fig. 2, Table 2). Canopy hetero-

geneity was not included in models with lowest AICc, but

played a minor role in the best ranked models of FDiv

(Table 2). None of the three predictor variables park size,

sealed area, and canopy heterogeneity achieved a significant

model fitting for the response variable FEve.

Discussion

Park size

Park size is a very important parameter in explaining dif-

ferences between city parks in the considered taxonomic

and functional diversity metrics, as it was included in the

best ranked models for species richness, FRic, and FDiv.

As in other studies, park size strongly positively affected

species richness (e.g., Jokim€aki 1999; Fern�andez-Juricic

2000a; Fern�andez-Juricic and Jokim€aki 2001; Murgui

2007). Even in very small urban green spaces, ranging

from 0.1 to 2 ha in size, the area of green space was the

most important variable positively influencing bird spe-

cies richness in the city of Pachuca, Mexico (Carb�o-

Ram�ırez and Zuria 2011). This positive species–area rela-

tionship also follows the predictions of the theory of

island biogeography (MacArthur and Wilson 1967),

which is often applied in the study of urban bird commu-

nities as urban parks represent remnant habitat patches

being isolated from the surrounding urban matrix and

therefore representing the only refuges for many bird spe-

cies (Davis and Glick 1978; Fern�andez-Juricic and

Jokim€aki 2001). Higher species numbers in larger parks

may partly be explained by an increase in habitat com-

plexity and resource availability in larger parks compared

to smaller ones (Fern�andez-Juricic and Jokim€aki 2001;

Cornelis and Hermy 2004). Hence, the specific require-

ments of certain forest or insectivorous bird species will

be only met in larger habitat fragments (Fern�andez-Juricic

2000a; Zanette et al. 2000).

Furthermore, large city parks – as remnants of seminat-

ural green space embedded in an urban landscape – have

larger core areas that are unaffected by effects associated

with habitat edges, such as microclimatic differences, a

higher predation risk, or higher levels of human distur-

bances (Saunders et al. 1991; Fern�andez-Juricic 2001; Sch-

neider et al. 2012). Therefore, in large parks beside edge

specialist species, being highly habituated to human activ-

ities and showing high breeding densities at urban park

edges, also species with specific habitat requirements can

be found in the more undisturbed core areas (Fern�andez-

Juricic 2001).

Because of a greater habitat complexity and more

prominent core areas in larger parks, increasing park size

results not only in a higher number of recorded species,

but also in an increase in FRic as larger niche space can

be filled by avian communities. This is consistent with

the results of a study on bird communities of land-bridge

islands in the Thousand Island Lake, China, where FRic

was positively related to island area (Ding et al. 2013).

Park area was also positively related to FDiv, what may

indicate a relaxation of environmental filters as empha-

sized for fish assemblages (Teresa and Casatti 2012). As

FDiv increases with park size, bird communities in small

parks show a functionally more concentrated distribution

of species within functional space compared to communi-

ties of larger city parks (Mason et al. 2005). Small city

parks have higher perimeter–core ratios than large ones,

making them more open to edge effects associated with

the urban matrix, such as higher levels of car and pedes-

trian traffic (Fern�andez-Juricic 2001). As a consequence,

the environmental filtering due to urbanization may be

enhanced, limiting the occurrence of high trait diversity

and resulting in highly similar communities (Teresa and

Casatti 2012). These communities may mainly consist of

urban exploiters, which are highly adapted to urban envi-

ronments, as they are dependent on human resources and

are independent of amount and structure of vegetation

(Blair 2001; McKinney 2008). In contrast, large habitat

patches are characterized by an increase in habitat

complexity and availability of resources such as food and

nest sites (Saunders et al. 1991; Cornelis and Hermy

2004; Sitompul et al. 2004). Therefore, large city parks
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Figure 2. Predicted relationships between the two city park characteristics park size (ha) and proportion of sealed area (%) included in the model

with the lowest AICc value and no. of species (taxonomic diversity), FRic (functional richness), and FDiv (functional divergence). Correlation

coefficients (b coefficients) of each relationship are listed in the graphs.

ª 2015 The Authors. Ecology and Evolution published by John Wiley & Sons Ltd. 5235

C. Sch€utz & C. H. Schulze Functional Diversity of Urban Bird Communities



provide a large diversity of habitats necessary to support

many species with different habitat requirements (Fern�an-

dez-Juricic and Jokim€aki 2001).

Sealed area

In accordance with other studies on bird communities of

urban green spaces, the increasing urbanization degree of

the surrounding landscape negatively affected species rich-

ness of city parks (Carb�o-Ram�ırez and Zuria 2011; Ikin

et al. 2013). Forest bird species moving through frag-

mented landscapes are strongly limited by the degree of

patch connectivity, quantified by the presence of corridors

or the distance between patches (Norris and Stutchbury

2001; Uezu et al. 2005). As urban bird populations in city

parks can be seen as sets of semi-independent populations

embedded in an inhospitable urban matrix connected by

dispersal to themselves and to regional populations

(Fern�andez-Juricic 2004), they may also be affected by the

permeability of the urban matrix. Therefore, an increase

in urbanization degree reduces the permeability of the

urban landscape due to longer distances between remnant

habitat patches and lower number of corridors such as

wooded streets, both exerting a positive influence on the

connectivity between city parks (Fern�andez-Juricic 2000b;

Hust�e and Boulinier 2011). As a consequence, the disper-

sal abilities of habitat specialist species, reluctant to move

through unsuitable urban matrix, may decrease, reducing

the chances of park occupation and therefore local bird

diversity (Fern�andez-Juricic 2000a).

These decreasing dispersal abilities of habitat specialist

species may also cause lower FDiv values of avian com-

munities, indicating that city parks surrounded by high

proportion of sealed area harbor bird species which are

functionally more similar to each other (Teresa and

Casatti 2012).

Canopy heterogeneity

The extent of the tree layer within a city park is, espe-

cially for specialist bird species, of high importance as it

provides nesting habitat, food resources, and refuge from

predators and human disturbance (Murgui 2007). Con-

sequently, bird species richness in urban areas is corre-

lated with tree density (Sandstr€om et al. 2006). A

decrease in closed forest cover confronts birds with a

higher degree of edge habitats and the negative effects

linked to it, such as an increase in predation risk or

human disturbance (Fern�andez-Juricic 2001; Schneider

et al. 2012). In contrast to other studies, showing effects

of forest edges on the considered bird responses (Bar-

baro et al. 2014), canopy heterogeneity played a minor

role in explaining the taxonomical and functional diver-

sity indices, as it was not included in the models with

the lowest AICc values.

Conclusion

Surprisingly, FEve did not respond to changes in park char-

acteristics, although it proved to be sensitive to environ-

mental filtering in simulated communities (Mouchet et al.

2010). Also empirical data showed that FEve was negatively

affected by habitat fragmentation and environmental gradi-

ents of disturbance, respectively (Filippi-Codaccioni et al.

2009; Pakeman 2011; Ding et al. 2013). In contrast, the

declines of FRic and FDiv provide strong evidence for a

loss of functional diversity from small toward large city

parks. This indicates that bird assemblages of parks

Table 2. Best ranked models (Δi <2) for the bird metrics No. Spec. (species richness), FRic (functional richness), and FDiv (functional divergence).

For all included variables, b coefficients are provided. Furthermore, number of estimable parameters (K), Akaike’s information criterion corrected

for small-sample bias (AICc), differences in AICc values of each model compared with the model with the lowest AICc value (Δi), and the Akaike

weights (wi) are listed.

No. Spec. FRic
FDiv

1. 1. 1. 2. 3. 4.

Variables included

Park size 0.85 0.75 0.27 0.23

Sealed area �0.18 �0.43 �0.45 �0.39 �0.52

Canopy heterogeneity �0.25 �0.21

Model summary

K 4 3 4 4 5 3

AICc 183.10 415.04 �50.13 �49.71 �49.51 �49.36

Δi 0.00 0.00 0.00 0.42 0.62 0.76

wi 0.68 0.61 0.29 0.24 0.21 0.20

R2 0.85 0.56 0.33 0.32 0.37 0.27

Adjusted R2 0.84 0.54 0.29 0.28 0.31 0.24
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embedded in an urban landscape matrix with a high

permeability for forest birds (due to a high density of green

spaces) most likely provide an increased ecosystem func-

tion. These results have important implications for urban

planning aiming to promote and maintain high diversity

and ecosystem function in modern human-dominated

landscapes.

Acknowledgments

Data on Vienna land use was provided by the local gov-

ernment units MA 18, MA 21A, MA 21B, and MA 41.

Furthermore, we are grateful to many students who

assisted in surveying city parks during field courses,

among them are Heinrich Fr€otscher, Franz H€olzl, Bea

Maas, Yoko Muraoka, Benjamin Seaman, Bernadette

Strohmaier, Michael Tiefenbach, and G�abor Wichmann.

This article was supported by the Open Access Publish-

ing Fund of the University of Vienna.

Conflict of Interest

None declared.

References

Alberti, M. 2005. The effects of urban patterns on ecosystem

function. Int. Reg. Sci. Rev. 28:168–192.

Barbaro, L., B. Giffard, Y. Charbonnier, I. van Halder, and E.

G. Brockerhoff. 2014. Bird functional diversity enhances

insectivory at forest edges: a transcontinental experiment.

Divers. Distrib. 20:149–159.

Barber, C. B., D. P. Dobkin, and H. T. Huhdanpaa. 1996. The

Quickhull algorithm for convex hulls. ACM Trans. Math.

Softw. 22:469–483.
Berger, R., and F. Ehrendorfer. 2011. €Okosystem Wien: die

Naturgeschichte einer Stadt. B€ohlau Verlag, Wien, K€oln,

Weimar.

Bergerot, B., B. Fontaine, R. Julliard, and M. Baguette. 2011.

Landscape variables impact the structure and composition

of butterfly assemblages along an urbanization gradient.

Landsc. Ecol. 26:83–94.

Blair, R. B. 2001. Birds and butterflies along urban gradients

in two ecoregions of the U.S. Pp. 33–56 in J. L. Lockwood

and M. L. McKinney, eds. Biotic homogenization. Kluwer,

New York, NY.

Buckland, S. T., J. M. Stuart, and E. G. Rhys. 2008. Estimating

bird abundance: making methods work. Bird Conserv. Int.

18:91–108.

Carb�o-Ram�ırez, P., and I. Zuria. 2011. The value of small

urban greenspaces for birds in a Mexican city. Landsc.

Urban Plan. 20:213–222.
Chace, J. F., and J. J. Walsh. 2006. Urban effects on native

avifauna: a review. Landsc. Urban Plan. 74:46–69.

Cornelis, J., and M. Hermy. 2004. Biodiversity relationships in

urban and suburban parks in Flanders. Landsc. Urban Plan.

69:385–401.
Croci, S., A. Butet, and P. Clergeau. 2008. Does urbanization

filter birds on the basis of their biological traits? Condor

110:223–240.
Davis, A. M., and T. F. Glick. 1978. Urban ecosystems and

island biogeography. Environ. Conserv. 5:299–304.
Ding, Z., K. J. Feeley, Y. Wang, R. J. Pakeman, and P. Ding.

2013. Patterns of bird functional diversity on land-bridge

island fragments. J. Anim. Ecol. 82:781–790.

Dunning, J. B. 2008. CRC handbook of avian body masses,

2nd ed. CRC Press, Boca Raton, FL.

Ferenc, M., O. Sedl�a�cek, R. Fuchs, M. Dinetti, M. Fraissinet,

and D. Storch. 2014. Are cities different? Patterns of species

richness and beta diversity of urban bird communities and

regional species assemblages in Europe. Glob. Ecol.

Biogeogr. 23:479–489.
Fern�andez-Juricic, E. 2000a. Bird community composition

patterns in urban parks of Madrid: the role of age, size and

isolation. Ecol. Res. 15:373–383.

Fern�andez-Juricic, E. 2000b. Avifaunal use of wooded streets in

an urban landscape. Conserv. Biol. 14:513–521.

Fern�andez-Juricic, E. 2001. Avian spatial segregation at edges

and interiors of urban parks in Madrid, Spain. Biodivers.

Conserv. 10:1303–1316.
Fern�andez-Juricic, E. 2004. Spatial and temporal analysis of the

distribution of forest specialists in an urban-fragmented

landscape (Madrid, Spain): implications for local and

regional bird conservation. Landsc. Urban Plan. 69:17–32.
Fern�andez-Juricic, E., and J. Jokim€aki. 2001. A habitat island

approach to conserving birds in urban landscape: case

studies from southern and northern Europe. Biodivers.

Conserv. 10:2023–2043.
Filippi-Codaccioni, O., J. Clobert, and R. Julliard. 2009.

Urbanisation effects on the functional diversity of avian

agricultural communities. Acta Oecol. 35:705–710.

Flynn, D. F. B., M. Gogol-Prokurat, T. Nogeire, N. Molinari,

B. T. Richers, B. B. Lin, et al. 2009. Loss of functional

diversity under land use intensification across multiple taxa.

Ecol. Lett. 12:22–33.
Fontana, S., T. Sattler, F. Bontadina, and M. Moretti. 2011.

How to manage the urban green to improve bird diversity

and community structure. Landsc. Urban Plan. 101:278–285.

Glutz von Blotzheim, U., ed. 1985–1999. Handbuch der V€ogel

Mitteleuropas, 14 volumes. Aula-Verlag, Wiesbaden.

Gomes, V., R. Ribeiro, and M. A. Carretero. 2011. Effects of

urban habitat fragmentation on common small mammals:

species versus communities. Biodivers. Conserv. 20:3577–
3590.

Hamer, A. J., and M. J. McDonnell. 2010. The response of

herpetofauna to urbanization: inferring patterns of

persistence from wildlife databases. Austral Ecol. 35:568–
580.

ª 2015 The Authors. Ecology and Evolution published by John Wiley & Sons Ltd. 5237

C. Sch€utz & C. H. Schulze Functional Diversity of Urban Bird Communities



Hust�e, A., and T. Boulinier. 2011. Determinants of bird

community composition on patches in the suburbs of Paris,

France. Biol. Conserv. 144:243–252.
Ikin, K., R. M. Beaty, D. B. Lindenmayer, E. Knight, J. Fischer,

and A. D. Manning. 2013. Pocket parks in a compact city:

how do birds respond to increasing residential density?

Landsc. Ecol. 28:45–56.

Jokim€aki, J. 1999. Occurrence of breeding bird species in

urban parks: effects of park structure and broad-scale

variables. Urban Ecosyst. 3:21–34.
Lalibert�e, E., and P. Legendre. 2010. A distance-based

framework for measuring functional diversity from multiple

traits. Ecology 91:299–305.

Lalibert�e, E., and B. Shipley. 2011. FD: measuring functional

diversity from multiple traits, and other tools for functional

ecology. R package version 1.0-11.

Luck, G. W., and L. T. Smallbone. 2011. The impact of

urbanization on taxonomic and functional similarity among

bird communities. J. Biogeogr. 38:894–906.

MacArthur, R. H., and E. O. Wilson. 1967. The theory of

island biogeography. Princeton Univ. Press, Princeton, NJ.

MacGregor-Fors, I. 2008. Relation between habitat attributes

and bird richness in a western Mexico suburb. Landsc.

Urban Plan. 84:92–98.
Martensen, A. C., R. G. Pimentel, and J. P. Metzger. 2008.

Relative effects of fragment size and connectivity on bird

community in the Atlantic Rain Forest: implications for

conservation. Biol. Conserv. 141:2184–2192.
Marzluff, J. M. 2001. Worldwide urbanization and its effects

on birds. Pp. 19–47 in J. M. Marzluff, R. Bowan and R.

Donnelly, eds. Avian ecology and conservation in an

urbanizing world. Springer Science & Business Media, New

York, NY.

Mason, N. W. H., D. Mouillot, W. G. Lee, and J. B. Wilson.

2005. Functional richness, functional evenness and

functional divergence: the primary components of

functional diversity. Oikos 111:112–118.

McKinney, M. L. 2002. Urbanization, biodiversity, and

conservation. Bioscience 52:883–890.
McKinney, M. L. 2006. Urbanization as a major cause of

biotic homogenization. Biol. Conserv. 127:247–260.
McKinney, M. L. 2008. Effects of urbanization on species

richness: a review of plants and animals. Urban Ecosyst.

11:161–176.

Meffert, P. J., and F. Dziock. 2013. The influence of

urbanisation on diversity and trait composition of birds.

Landsc. Ecol. 28:943–957.
Mouchet, M. A., S. Vill�eger, N. W. H. Mason, and D.

Mouillot. 2010. Functional diversity measures: an overview

of their redundancy and their ability to discriminate

community assembly rules. Funct. Ecol. 24:867–876.
Murgui, E. 2007. Effects of seasonality on the species-area

relationship: a case study with birds in urban parks. Glob.

Ecol. Biogeogr. 16:319–329.

Norris, D. R., and B. J. M. Stutchbury. 2001. Extraterritorial

movements of a forest songbird in a fragmented landscape.

Conserv. Biol. 15:729–736.
Pakeman, R. J. 2011. Functional diversity indices reveal the

impacts of land use intensification on plant community

assembly. J. Ecol. 99:1143–1151.
Petchey, O. L., K. L. Evans, I. S. Fishburn, and K. J. Gaston.

2007. Low functional diversity and no redundancy in British

avian assemblages. J. Anim. Ecol. 76:977–985.

R Core Team. 2012. R: a language and environment for

statistical computing. R Foundation for Statistical

Computing, Vienna, Austria. ISBN 3-900051-07-0, http://

www.R-project.org/.

Reis, E., G. M. L�opez-Iborra, and R. T. Pinheiro. 2012. Changes in

bird species richness through different levels of urbanization:

implications for biodiversity conservation and garden design

in Central Brazil. Landsc. Urban Plan. 107:31–42.

Sandstr€om, U. G., P. Angelstam, and G. Mikusinski. 2006.

Ecological diversity of birds in relation to the structure of

urban green space. Landsc. Urban Plan. 77:39–53.
Saunders, D. A., R. J. Hobbs, and C. R. Margules. 1991.

Biological consequences of ecosystem fragmentation: a

review. Conserv. Biol. 5:18–32.

Schneider, N. A., M. Low, D. Arlt, and T. P€art. 2012. Contrast

in edge vegetation structure modifies the predation risk of

natural ground nests in an agricultural landscape. PLoS One

7:e31517.

Shanahan, D. F., C. Miller, H. P. Possingham, and R. A. Fuller.

2011. The influence of patch area and connectivity on avian

communities in urban revegetation. Biol. Conserv. 144:722–729.
Sitompul, A. F., M. F. Kinnaird, and T. G. O’Brien. 2004. Size

matters: the effects of forest fragmentation and resource

availability on the endemic Sumba Hornbill Aceros everetti.

Bird Conserv. Int. 14:23–37.
Sol, D., C. Gonz�alez-Lagos, D. Moreira, J. Maspons, and O.

Lapiedra. 2014. Urbanisation tolerance and the loss of avian

diversity. Ecol. Lett. 17:942–950.

Symonds, M. R. E., and A. Moussalli. 2011. A brief guide to

model selection, multimodel inference and model averaging

in behavioural ecology using Akaike’s information criterion.

Behav. Ecol. Sociobiol. 65:13–21.
Teresa, F., and L. Casatti. 2012. Influence of forest cover and

mesohabitat types on functional and taxonomic diversity of

fish communities in Neotropical lowland streams. Ecol.

Freshw. Fish 21:433–442.
Tischendorf, L., and L. Fahrig. 2000. On the usage and

measurement of landscape connectivity. Oikos 90:7–19.
Uezu, A., J. P. Metzger, and J. M. E. Vielliard. 2005. Effects of

structural and functional connectivity and patch size on the

abundance of seven Atlantic Forest bird species. Biol.

Conserv. 123:507–519.
UN [United Nations, Department of Economic and Social

Affairs, Population Division] 2012. World Urbanization

Prospects: The 2011 Revision, CD-ROM Edition.

5238 ª 2015 The Authors. Ecology and Evolution published by John Wiley & Sons Ltd.

Functional Diversity of Urban Bird Communities C. Sch€utz & C. H. Schulze

http://www.R-project.org/
http://www.R-project.org/


Vergnes, A., I. Le Viol, and P. Clergeau. 2012. Green corridors

in urban landscapes affect the arthropod communities of

domestic gardens. Biol. Conserv. 145:171–178.
V�ılleger, S., N. W. H. Mason, and D. Mouillot. 2008. New

multidimensional functional diversity indices for a

multifaceted framework in functional ecology. Ecology

89:2290–2301.

Yu, T., and Y. Guo. 2013. Effects of urbanization on bird

species richness and community composition. Pak. J. Zool.

45:59–69.
Zanette, L., P. Doyle, and S. Tr�emont. 2000. Food shortage in

small fragments: evidence from an area-sensitive passerine.

Ecology 81:1654–1666.

Supporting Information

Additional Supporting Information may be found in the

online version of this article:

Table S1. Habitat characteristics of 36 Vienna city parks,

where winter bird surveys were conducted. Beside park

size and canopy heterogeneity, also the area of each habi-

tat parameter describing the urban landscape matrix in a

circle of radius 500 m around the centroid of each city

park are presented. Landscape measures used for analyses

are shaded in grey. Also calculation of canopy heterogene-

ity and proportion of sealed area is indicated.

Table S2. Total number of individuals of bird species

recorded in 36 city parks in Vienna.

Table S3. Biological traits of all bird species considered in

this study.

Table S4. Correlation coefficients of Pearson correlations

including the park variables park area (log transformed)

and canopy heterogeneity as well as the landscape vari-

ables natural green space, man-made green space, forest

and sealed area, describing the urban matrix surrounding

each city park, are listed. Significant correlations

(P < 0.05) are printed in bold.
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